MODERN GENETICS

Francisco J. Ayala
John A. Kiger, Jr.

University of California, Davis

SECOND EDITION

The Benjamin/Cummings Publishing Company, Inc.
Menlo Park, California Reading, Massachusetts
London Amsterdam Don Mills Ontarin Svdnev



d. AUAJIA, Ix. KAVITEP

CoBpeMeHHas

ITCHCTHKA

B Tpex Tomax

Tom 1

IlepeBoa ¢ amrimiickoro
kanng. ¢u3.-mat. Hayk A. /1. ba3bikuHa

noJ peJakiuei
a-pa 6uon. Hayk O.II. AntyxoBa

320
</ WS
™ w
=\Y_/O

A



BEBK 28.04
A37
VIK 575

Aiiana @., Kaiirep /x.
A37 Cospemennas resetuka: B 3-x 1. T. 1. Ilep. ¢ anrn:—M.:
Mup, 1987.-295 c., un.

VyebHoe H3AaHUe HO TEHETHKE, HAHMCAHHOE W3BECTHHIMH AMEPHKAHCKNMHM Y4YEHBIMH H2 YPOBHE CO-
BPEMEHHEIX 3HAHUA. B nepBoM ToMe OMiCaHbl XPOMOCOMHBIE OCHOBLI HACJIENCTBEHHOCTH, 3aKOHOMEPHOCTH
Hepenavk HAC/IEACTBEHHOH HHPOPMAIIHH, CTPYKTYpa FeHOMa IIPO- U 3YKAPHOT, IPABOAATCS CBEACHUS O Me-

Tomax pabotsl ¢ JIHK.
Hpenﬂaaﬂa‘leﬂa J1s FEHETHKOB, MOJIEKYJIAPHBIX GHOHOTOB, 3BOJIKOIITHOHHUCTOB, & TAKXKE€ [JIA CTYJCHTOR

GHOJIOIMYECKNX H MEIMITMHCKHX BY30B.

2002010000-309

Mo ANMHCHOE BBK 28.04
041 (01)-87

Pedaxyua aumepamypel no 6uosozuy

© 1984 and 1980 by Benjamin/Cummings
Publishing Company, Inc.

© nepeBon Ha pycckuil A3bIK, «MHD»,
1987



IIpenucioBue
peIaKTopa
rIepeBoaa

OpHa U3 XapakTepHeHIINX 4epT COBPEMEHHOW HayKH —BCE YIIyONsIolascs
IubdepeHIanMsg U crenualn3anus 3HaAHHH. DTOT Npomece JOCTHUT TaKOro
npenena, 3a KOTOPbIM YK€ OLIYIIAeTCs peajibHasi yrpo3a yTpaThl B3aHUMOINO-
HMMaHMs JaXe MEexAy NpeaCTaBUTEISAMU OOHOM M TOM ke HayyHOH HHMCLH-
IUIMHBL. DTO B IOJHOH Mepe OTHOCHTCS W K COBpeMeHHOH reHeruke. Ilpen-
CTaBHB €€ B BHIE IpeBa, YXOISAIIETO KOPHSIMH B H3BECTHBIE 3aKOHOMEPHO-
CTH, OTKPBIThIE B CBOE BpeMs I'peropom MeHIesrneM U H3JI0KEHHBIE UM Ha
HECKOJIbKHX XYPHAJIBHBIX CTPAHHMIAX, MBI BUIUM CETONHS HA 3TOM [IpEBe Je-
CATKH OOJBINMX M MaJbIX BETBEH, MHOTHE W3 KOTOPBIX BLIPOCIN OYKBaJbHO
Ha HalllMX 71a3aX M KaXgas u3 KOTOPhIX TOCTOWHA MOHOTpaduyecKoro omu-
CaHHA Ha CBOEM COOCTBEHHOM, HENOBTOPHMOM S3bIKE.

Mexny TeM IO caMOM CBOEH CyTH H B CHJIy JIeXallel B ee OCHOBE HCTO-
pHYecKOl TpamgHliMu, Hayka MOJDKHA OBITH €IMHOM, TOJNBKO B TaKOM CIydae
OHa crocobHA aneKkBaTHO OTOOpaXaTh OOBEKTUBHBIM MHp M NPHHOCUTL Mak-
CUMAIIbHYIO NPAKTHYECKYIO NMOJb3y. IMEHHO 3TO OOCTOATENBCTBO Olpene-
JISET BO3POCIIYIO KaK HUKOI/a paHee HEOOXOIUMOCTb CO3TaHUs TaKHX yqcO-
HHKOB H y4eOHbIx 110COOHMH, B KOTOpDHIX HEIIOMEPHO pa3pOCIIHCs
U YCJIOXHUBIUMHACS MaTepuan ObLm Obl yNOpSZO4eH B CTPOHMHYIO CHCTEMY,
JOCTYIIHYIO LEJIOCTHOMY BOCHpHsTHIO. ITOHATHO, cOenaTb 3TO HENETKO,
B CBSI3U C 4€M CpeIX MHOTHX Yy4eOHHKOB IIO TeHEeTHKe, OnyOIMKOBaHHLIX 3a
NOCNIEAHNE TOMABI, MOYTH HET YIOBIETBOPSIONMX TpPeOOBAHMSAM BPEMEHH.
Penxoe mckmioyenue — «Coppemennas redetuka» ®. Adanel n k. Kaiirepa,
npenjaracMas BHHMAHMIO 4UTaTeNled H3maTesbcTBOM «MHp». 3Ta KHuUra
yHUKaTlbHA. Bynydm BceoObemutionneit 10 0XBaTy y4eOHOro MarepHasia, OHa
BMECTE C TeM OTJMYACTCS BBICOKOH OPraHMYHOCTBIO M LEIOCTHOCTBIO €ro
H3JI0KEHHSI C YYETOM pe3ylbTaTOB Honenmnx -OTKpbITHL M pa3paboToK.
SI3pIk KHHMTH SICEH M JIAKOHHUYEH.



I peducaosue pedaxmopa nepegoda

IMockonbky «[IpearcioBre» aBTOPOB AOCTATOYHO IIOJHO PACKpLIBACT HX
3aMEbICeN], @ TaKXe CTPYKTYPY H OCOOSHHOCTHM KHMIH, KaKHe-Tnb0 HHbIE KOM-
MEHTapHH 3[€Ch U3JMIIHK. XO4y JHUIIb 3aMETHTh, 4TO ycrex «CoBpeMEeHHOH
reHEeTUKM», ONyOIMKOBaHHON BTOPBIM H3/IaHHEM CIIYCTS BCErO YEThIPE romga
nocje BbIXOIa IepBOTO, DANIeKO He CllydaeH. ABTOpbI, KaK M3BECTHO, MIPENO-
nmaroT reneTuky B KammbopHumiickom yuusepcutere (CHIA), yTOo maer um
60IbilIoe TPEIMYLIECTBO Hepe] TEMH, KTO IHIIET Yy4eOHHUKY, He UMes OrbITa
JUIATEJILHOH paboThl M MOCTOSIHHOTO OOLIEHHS CO CTYIEHTaMH.

Kpome TOro, oUH M3 aBTOPOB KHHTHM XOPOUIO M3BECTEH B I'eHETHYECKUX
Kpyrax Kak YYeHbIH, BHECHIMH OOJNBIION BKJIag B Pa3BUTHE HOIMYJISANMOHHOMN
U SBOJIIOMOHHON TeHeTHKH. OCMeMIoCh CAENaTh CISAYIOIIEE IpeaONIoNKe-
HHE: H3BECTHOE BHICKAa3bIBaHME Bhiarowmerocs remeruka @.I. JloGpxaHcko-
ro «...B OMOJIOTHH BCe OOpETaeT CMBICI JHUIL B CBETE HBOJIONHUOHHOIO Yye-
HAS» B 3HAUUTEJIHLHOM Mepe pealli30Bajoch B CIPYKType yieOHHKA W
B crocobe MOJaud MaTepHasia. OBOJIONMOHHBIA M HONYJISIHOHHLIA MOJ-
XOABI, NeACTBUTENBHO MO3BOJSIONME HHTErPUPOBATH 3HAHMSA O CAMBIX pas-
HOOOpasHbIX TeHETHYECKUX SBJICHUSX U Iponeccax, npeacrapiensl B «Cobpe-
MEHHOH TreHeTHKe», KaKk HH B KakOM JpyroM aHAJOMYHOM H3JAHHH.

MHe aymaercs, 4TO nyOiuKanms OTOH KHHIH Ha PYCCKOM SI3bIKe
BCTPETHUT NOJOKHUTENBLHBIN OTKIIUK ¥ CTYIEHTOB, NIpernogapaTeNiell 1 Hay4HbIX
pabOTHHKOB, NOCKOJIBKY 3a nociemHue 10-15 jeT y Hac He HM37aBajIoOCh
cBOMX y4eOHHKOB Takoro ypoBHs, Kak «CoBpemMenHas rederuka». C 4eM 310
CBsI3aHO,— CKAa3aTh HENpPOCTO, OOHAKO, MO-BHOAUMOMY, HEJIb3S HE HPH3HATDH:
BO3pOXICHHE OTEUeCTBEHHOH TI€HEeTHKH, CTOJIb ObIcTpo HabOpaBluee CHIY
B 60-70-¢ rogpl, B HOCTeHEe OECATHIIECTHE, K COXKAIEHHIO, CMEHUIIOCH OIpe-
JeneHHbIM 3acToeM. OAHAKO Tak JOJT0 NPOHOJDKATLCS He MOXeT. I'eHeTH-
Ka— IIOATHHHBIA QyHAaMeHT OHoJIornM, u 6€3 ee TapMOHHUYHOTO U GBICTPOTO
PA3BUTHS Mbl HE CMOXXEM PEIIUThL T€ CJIOXKHBIE U OTBETCTBEHHEIE 3aJa4H, KO-
TOpBIE BHIABHUTAIOTCS epe] COBpeMEHHOW HayKol camoil xwu3unlo. Hacnen-
CTBEHHOCTb YEIIOBEKA M HKOJIOTHS, (PUIOCO(HUS, CONHOIOTHA H IICHXOJIOTHS,
MEIHIAHA, CEJIEKIIHS M OMOTEXHOJIOTHA,—BOT JaJIeKO HE IOJIHLIA IMepeueHb
Tex pyHmaMeHTaJbHLIX W NPHKJIAAHBIX HAIPABJICHHH, ycriemHas pa3paboTka
KOTOPBIX BO3MOXHA JIMIIbL BO BCEOPYXHH COBPEMEHHBIX TEHETHYECKHX
3HAHUH.

B 3akmoueHue X0Teoch Obl crelaTh OOHO KpuTHieckoe 3ameyanpe. Kak
YBHINT YHTaTeNb, B CIUCKAX JINTEPATYphl, PeKOMEHIyeMOil aBTOpaMH B KOH-
e KaXI0H IjlaBbl, IPAKTHYECKH OTCYTCTBYIOT PabOTHI COBETCKHX T€HETHKOB,
310 BecpbMa nmocanHo, Tak Kak @: Aiana sBusercs ydenukom @.T. [JoGp-
XaHCKOTO, BO MHOTOM criocobcTBoBaBiiero ykopenenuio B CHIA Tpaanumit
COBETCKOM 3BOJIIOIMOHHO-TEHeTHUeCKOH KoL, co3gaunoi C.C. Uersepu-
KOBBIM.

B HacTOsAmMEM M3gaHWM KHUTA BHIXOOHUT B TpeX TOMaX, COOTBETCTBYIOIIUX
HacTsAM OPHIMHAIBHON KHHTIU.

0. I1. Aamyxo8



Hawum yuumeaam

IIpenucioBue

I'eneTnKka—Hayka OBICTPO pa3BHBAlOMIAfACA. DTHMH CJIOBaAaMU HAYUHAJIOCH
IIpEAUCTIOBHE K IepBOMY u3gaHHIO «COBpeMEHHON TI'eHETHKID.

CripaBe1JTHBOCTL 3THX CJIOB, a TaKXe ICHHBIE 3aMeYaHHs MHOTHUX IIpPero-
JaBaTesiel, MOb3yIOIMXCS HePBbIM W3JaHUEM Hallled KHUTH, rnmoTpebosamm
3HAYMTENbHBIX AOMOJHEHWH M YTOYHEHHMH BCETO JMINL Yepe3 4YeThipe roja
[ocije ee MOoSBJeHus.

«CoBpeMeHHasi TeHeTHKa» MOXET CIYKHUTh OCHOBHBIM Y4YeOHHKOM IIpH
npenojaBaHuMy oOmIeld reHeTHKH. IlpennonaraeTcs, YTO CTYACHTHI YXe IIpO-
CNyIIaiy Kypchl oOmed OWOJOTMM M XuMHHM. TeM He MeHee, HEKOTODLIE
BaXHble TEMBI (HarpUMep, MUTO3 U MeiH03), C KOTOPHIMHI CTYAEHTHI YK€ T0M-
KHBI OBITb 3HAKOMBI 110 3THM KypcaM, U3JIaratoTcsl B HallleM yueOHHKe 3aHO-
BO. MBI YyMBINUIEHHO BKJIIOYHJIM B TEKCT OOJbllle mMaTepHasd, Y€M MOXKHO
HpOUTH 3a oauH ceMecTp. Kuura manucana TakuM o0pa3om, YTO HO3BOJISET
npenogaBaTeiiiM BbIOMpaTh MaTeprall MO CBOEMY YCMOTPEHUIO.

MonekynasipHbie OCHOBBI HACJIeICTBEHHOCTH OCTAlOTCS OCHOBHOH TEMOM
COBPEMEHHOH I'€HETHKHM M B 3TOM WCIPABJEHHOM U JIONOJHEHHOM H3JaHMH.
BypHoe pa3BuTte MmeTona pekoMbunaHTHeIX JJHK 3a nmocienHue 4eTwIpe ro-
Ja OTKpbLIBAET B IIOHHMAHHUHM MOJIEKYJSIDHBIX OCHOB TI'€HETHKH 4YeJIOBEKa
K IPYIMX BBICIIMX OPraHM3MOB TakHe HIMPOKHE EPCIEKTHUBBI, O KOTOPBIX
paHbIlle MOXHO ObLIO TOJIbKO OOraabiBaThCs. XapakTepHOM OCOOEHHOCTHIO
«COBpEMEHHON MeHETHKIY OCTAETCH TAKKE YriayOJIeHHOE M3JI0XKEHHE IOy s
IHOHHOH M 3BOJIIOIMOHHON I'€HETHKHL.

Kak u B neppomM m3ganuy, Ipu HAIHCAHHKY KHUTH Mbl OCHOBBIBAJIMCh Ha
«KOMILIEMEHTapHOCTH» OOjacTel Haiueil kommnereniuu. . Afana Hamvcas
IIOJIHOCTLIO MJIM B OCHOBHOM IEPBLIA BapwanT rias 1-3, 10, 18, 19, 21-26
u npuinoxenve I; Ix. Kaiirep nanmucan uwadepuo rnaesl 4-9 u 11-17. I'1apa
20 nucasack COBMEcCTHO. IIOCJIEIOBATENLHOCTL HAMmMX bammimit Ha oOJOX-
Ke MHl onpelnensanu, Opocas MOHETY.
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CTpyKkTypa KHUTH

Opranmsanus MaTepuaia B 5TOM H3TaHWH OCTajach TOH Xe, 4TO U B Hep-
BOM, XOTSI HEKOTOPBIC BONIPOCHI H3JIOXKEHBI MO-APYromMy, M J00aBjieHbl CO-
BEpIIICHHO HOBBIE IJIaBbl, HOCBAIICHHBIE MeTONY pekoMOunanTHeIX THK, pe-
CYJISANUM ACHCTBHS T€HOB JYKAPHOT H TEeHETHKE COMATHYECKHX KJIETOK.
«CoBpeMeHHas T€HETHKa» COCTOMT M3 Tpex dacTel: 4acTh nepsasi—«Opranu-
3alds U repeaia IeHeTHYeCKOro maTepHaia», 4acTb BTOpAs— «DKCIpeECCHs
FeHETHYECKOr0 MaTepuasa» M 4acTh TPEThs — «DBOTIONUSI TeHETHYECKOIO Ma-
Tepuasia». MBI YBEPEHBI, YTO TaKas IOCIeAOBATEIbHOCTh H3JIOKEHHS OJHO-
BPEMEHHO M JIOTHYHA, U yAoOHA Ansg mpenogaBaHusa. OHa CriocoGCTBYET I1O-
HHMAaHUIO CTYACHTAMH TOIO, [OYemy H3JararoTci Te MM HHBIE BOIPOCH!
U KaKoe MECTO OHM 3aHHMMaroT B Ipollecce HaciuenoBaHUs B meinoM. OpgHaxo
IpH 3TOM TeKCT MpenocTaBisfeT NpernoaaBaTeNl0 MAaKCHMANbHYIO CBOOOIY
[IPY COCTaBJICHUH KOHKPETHOHM NporpamMmsbl Kypca. [laxe ecid IociaeaoBa-
TEJIBLHOCTh, B KOTOPOU H3JIaraeTcs MaTeprall OTACNBHHEIX IJIaB CYUIECTBERHO
HU3MEHUTH, 3TO He NPHUBENET K MOSBJICHHIO CEPhE3HBIX NMpOOETIOB B 3HAHHUSX.
MB1, 0aHaKO, CYUTaeM, YTO KaXaas rjaBa cama no cebe cocTaBiseT Joruie-
CKH €IMHOE [EN0e U BHYTPH OTAENBHBIX IVIaB MaTepHaJ JIy4llle BCEro Ipero-
JaBaTh B TOM MOCIEJOBATENbHOCTH, B KAKOH OH U3JIOXKEH B KHHrE.

HexoToprle M3MeHEHHMS B OpraHd3allid M H3JI0KECHHM MaTepHaja 1o
CPaBHEHUIO C TMEPBBIM H3/[aHHEM HauHMHAIOTCS yXKe B NepBOH 4acTH. Pa3sgen
0 COCTaBJICHHM XPOMOCOMHLIX KapT Yy 3yKapHOT (IrjaBa 5) Obul repenucaH
U pacIIipeH B COOTBETCTBHH C 3aMEUaHHUsIMH INperojaBareied U HAauX cob-
CTBEHHBIX cTyaeHToB. HoBas riaBa 6 nocBsiieHa KOMITJIEMEHTAHOHHOMY
aHaJIM3y W M3YYEHHIO TOHKOH CTPYKTYPHI I'€Ha KaK y NpOKapuoT, Tak ¥ Y
sykapuoT. I'71aBa, B nepBOM M3JaHUHU LIEAIIAs 110 HOMEPOM neBATh, (Pernu-
Kanus, penapanus u pekomOunanus JTHK) npespaTinace B riapel 13 u 14,
MepeHeceHHbIe BO BTOPYHO YacTh, HOCKOJIbKY AKHEHT CMEIIEH Ha (HYHKIHMOHU-
pPOBAHHE TE€HOB, O0ECICUUBAIOIUX NPONECCH PEIUTMKAIME U PeKOMOMHAIINN
AHK. Hosas rnaBa 9 «Meroasl pabotsl ¢ JJHK» 3aBepinaer nepByro 4acTb,
IOCKOJIBKY BOIPOCHI KOHCTpyHpoBanHs pekoMOmHanTHhix JJHK u ananusa
TOCIEA0BATEILHOCTH HykaeoTua0B B JJHK, cTporo rosops, oTHOCITCH K Te-
Me «Oprandsands u lepegaia reHeTHIeCKOro MaTepuaa». I'naesl 6 u 7 Obl-
JIF TOIOJIHEHBI HOBLIMH NOSIBUBLINMHUCS B IOCJIEAHME TOABl JAHHBIMH M IO-
JYY4HIIM B 3TOM H37aHEH HOMepa 7 U 8 COOTBETCTBEHHO. 3HAYUTEIBHAS YACTD
MaTepuala, BXOOHBIIETO paHee B TIJaBy 8, B 3TOM M3JaHUM IOMEIIEHA
B IJmaBul 6 u 14

Bo BTOpOi#i YacTH 1OSBUIIACH COBEPIIEHHO HOBad IyaBa 16, nmocBsineHHas
PperyJsUK SKCUPECCHH TeHOB 3yKapuoT. OHa B OCHOBHOM COICPXHUT pe3yJib-
TaThl yCHeIHBIX HcciieqoBanuit pekomOuHaHTHBRIX JJHK. Matepuan riass,
HOCHBIIEH 3TOT HOMep, OOHOBJIEH M cocTaBiseT TnaBy 17 «I'eHeTuuecKmit
aHanu3 npoieccoB pa3puTHs». Hopas rimaBa 18 «I'enermka comaTudecKHx
KJIETOK» BKJIOYAeT BIEYATJISIOIINE PE3yIbTaThl MCCIEIOBAHHUH 110 KapTHPO-
BaHHIO TeHOMa 4YenmoBeKka. I'maBel 11 B 12 oOHOBJCHBI ¢ TeM, YTOOBI OTpa-
3UTh Hale yriayOuBieecs NOHHMAaHHE YBOJEOIMH T€HETHYECKOIO KOJAa U I10-
TOKOB MHGOpPMALMK B KJIeTkax; O rimaBax 13 u 14 yxke roBOpHJIOCH BBIIIE.

B Tpetheit dacTn MBI paciEpriM B riaBe 21 pasmen o AyIUIHKanusx,
OCKOJBKY pacHimppoBka HYKIEOTUOHbIX mocnegoBartensHocTedt [JHK
yrayOJsieT Halle INOHMMaHHe POJIM AYIUIMKAIMH B 3IBOJIOLHUH, H J00aBuiIH
pasmen 00 HSBOJFOIME XpOMOCOM denoBeka. B rmaBe 22 npu obcyxaeHUM
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FeHHOH HM3MEHYMBOCTH OIIMCAHA HM3MEHYMBOCTDL KPHUITHYECKHX OEJIKOB
U HYKJICOTHIHOH TeTepOTeHHOCTH. B ryaBe 25 10O-HOBOMY H3JIOXEH BOIPOC
O HEpABHOBECHHM IO CIEIJIEHHIO B COOTBETCTBHH C HOBBHIMH JAHHBIMH, MOJIy-
4eHHBIMH HAa OCHOBE MCCJIENOBaHHS IIUHHBIX mnociemosatenbHocTed JIHK.
B riiaBy 26 BKIrOYEHBI HOBBIE pa3feibl 0 PEeKOHCTPYKUUHU (PHUIIOTEHMI Ha OC-
HOBe aHajmu3a nociegoBavensaocTedt JHK, 06 spoironuu renoma nocpen-
CTBOM YIJIMHEHHS, CJIMSHUA U JYIJIMKAMK F€HOB M 00 MHTPHUIYIOLIEH Npo-
OyleMe TOPHU30HTAJIHOTO IEpEeHOCa TeHOB MEXIy BHIAMH.

OcOOEHHOCTH KHUIHU

Q710 W3jaHUe, Kak U NpepbIgyuiee, meapo MITIOCTPUPOBAHO ¢ TeM, YTOOH!
00JIErYUTh YCBOGHHE MaTepHaa.

OcBelneHe pa3INYHBIX CIENHAIbHLIX BOIPOCOB BBIAETIEHO B OTOENbHBIE
JonosHenus. Bosplyo 4acTh AONOHEHHH MOXHO HPOIyCcKaTh 6e3 Hapylie-
Husl IOHMMAHNS OCHOBHOTO TekcTa. OHH MOTYT CIIyXHTh HCTOYHHKOM BEIGO-
pouHoro ¢GaxyibTaTUBHOrO MaTepHaJa.

B xoHne xaxgo# riapel MPUBOIUTCSH CNHCOK KJIFOUEBHIX CIOB W MOHATHIM
IS TOTO, 9TOOLI OGJIErYuTh MOABEACHHE HTOTOB.

3amauym B KOHIle KaXI0H IJIaBRl COCTABJISIOT HEOTHEMIIEMYIO YaCTh KHH-
I'l, HEKOTOPbIE M3 HHUX COAECPXKAT JONOJHHUTEILHBIE CBEOEHHS, KOTOphIE MBI
COYJIM BCIIOMOTATEIbHBIMYA HJIM CHHIIKOM MOAPOOHBIMH I TOTO, 4TOOLI
BKJIFOYATh MX B OCHOBHOM TEKCT. B COOTBETCTBHM C NOXEJIAHUAMH MHOI'HX
npenoaaBaTeied U CTYIEHTOB MBI, HApsAIy ¢ TPYIHbIMH 3ajadyamu, BKJIFOUH-
M B KaXOyro TnaBy yerkue. OTBeTHl Ha 3ajayll ¢ HEYSTHBIMH HOMEpaMH
HNpHUBEJCHB! B NPIUIOKEHUH 2 B KOHIE KHHTH.

CTyeuThl, ele He CIymiaBOiie Kypca CTATACTHKH, HAWAYT B TIPHIIOKE-
uuy 1 onucaHue NMOHATHHE B METONOB, HEOOXOAUMBIX AJIA ITOHMMAHUS TEKCTa
U pelieHus 3amay.

B 3aBepuraromux KaXxayro TJIaBy CHHCKaxX JHUTePATypPhbl HEPEYUCIIAIOTCH
OCHOBHbIE HCTOYHUKH, COAepXalye H3jJaraeMblii B TEKCTE MaTepHuas; Kpome
TOTO, CCHUIKM Ha [JONOJIHUTEILHYIO JHTEpaTypy HAIOTCS B NMOMHCAX K PH-
CyHKaM M K TaOnunam.

Boubitie Bcero Mbl 00s3aHBI BCEM TEM YUEHBIM, YbK OJIECTAIHE TOCTHXKE-
HUS cAeNalll TeHETHKY CTOJb yBJIeKaTeIbHOH Haykod. MHOTMM M3 HUX MBI
0COOEHHO GJaromapHsbl 3a MIEAPOCTh, POSBICHHYIO B NPEAOCTABICHHH HaM
HeonyONMKOBaHHBIX GoTorpaduii, B pas3pelieHHH pENpOoAyNHpPOBAThL HILIIO-
cTpalud M T.4. OT3BIBBl CHENHATHMCTOB, MPOYUTABIINX PYKOMHCHL NEPBOTO
n3JaHds, BHYIIAIOT HAM YBEPEHHOCTb B TOM, MTO MaTepuai M3JI0KeH J0CTa-
TOYHO TOJHO M Pa3sHOCTOpOHHe. HOBLII maTepHas, BOMIEIIIMA BO BTOPOE
H3OaHue, TOXKe TIATEJILHO PEleH3UpOoBacs. 3a HETOCTATKH KHHUIM, KOHEYHO,
HECEM OTBETCTBEHHOCTH TOJIBKO MBI, OHAKO MHOTOYHCIICHHbIE PELCH3MM MO-
3BOJIMIIH CBECTH YHCJIO HEQOCTATKOB K MHHHMYMY.

Mzer O6narogapusl Kpucran Jumonuka u Kengn Munnep, mepeneyaras-
UMM pykomuch, u JloppedH Bapp, koTopas NMOMOIJa BBLIYHTATH T[PAHKIL
Llennyro nomomp B MOATOTOBKE 3TOTO M3AHUS OKa3a/d Takke A-p XeJeH
K. 3anpu, Bonu I'peropu u Bnusaber Xapnep. Jluzenorr 'opmaH kBaindu-
OUPOBAHHO OTPEIAKTHpPOBaJia PYKOIHCh; MBI HPHU3HATENBHBl TaKXke H3/a-
TeJbCKOMY pepgakTopy ®peay Paaby 3a ero momourp B MOATOTOBKE HEPBOTO
u3ganus. Ha wamr B3rnisn, KHWra odYeHb BhIMTpasia Oyarogaps HCKYCCTBY
Jxopmoxa KiaTrta, BHIMOJHHUBIIETO OOJBIIMHCTBO HIUTROCTparyid. MBI Hc-
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KpenHe OnarojapHbl COTPYJHHMKAM H31aTesbCTBa benmkamun-KammuHrc,
B ocobennoctu [xumy benke, [Dkeiin I'men u IMat Bango 3a npoaenas-
Hyr UMH OoJbInyro paboTy. COTpYyIHHYECTBO C M3JATENLCTBOM —3TO BCErIa
CTUMYJIMPYIOIEE 3aHATHE, B HAIIEM CIy4Yae OHO ObLIO TaKXe W MPHUATHBIM.

Ispuc, Kamnbopuus ®Dpanyucko Aitasa
sHBaph 1984 Hocon Kaiieep-maaduuil

IlepBoe U BTOpOE H3maHWe peHEH3UPOBAIIN:

Joan W. Bennett, Tulane University

Sarane T. Bowen, San Francisco State University
Alice J. Burton, St. Olaf College

M. Campion, University of Keele, United Kingdom
D.J. Cove, University of Leeds, United Kingdom
Rowland H. Davis, University of California, Irvine
Linda K. Dixon, University of Colorado, Denver
Robert Dottin, Johns Hopkins University

James Farmer, Brigham Young University

Irving Finger, Haverford College

A.T. Ganesan, Stanford University

Lawrence T. Grossman, University of Michigan

Gary N. Gussin, University of Iowa

Barbara A. Hamkalo University of California, Irvine
Philip Hartman, Johns Hopkins University

Eugene R. Katz, S.U.N.Y., Stony Brook

Gary Ketner, Johns Hopkins University

Yun-Tzu Kiang, University of New Hampshire
George Lefevre, California State University, Northridge
Joyce B. Maxwell, California State University, Northridge
John R. Merriam, University of California, Los Angeles
Virginia Merriam, Loyola Marymount University
Roger Milkman, University of Iowa

Jeffrey B. Mitton, University of Colorado

William H. Petri, Boston College

Raymond L. Rodriguez, University of California, Davis
J.A. Roper, University of Shefficld, United Kingdom
Frank A. Ruddle, Yale University

Henry E. Schaffer, North Carolina State University
Steven R. Seavey, Lewis and Clark College

Eli C. Siegel, Tufts University

Franklin W. Stahi, University of Oregon

John Stubbs, San Francisco State University

J.R. Warr, University of York, United Kingdom



Opranusanus
1 Iiepenayva
T€HETUYECKOI'O
MaTtepuasa



BBeneHue

3uameHuTbIN TeHeTHK Peoqocnit JloOpkaHCkuil yTBEpXaall, 4YTO «Bce B OHO-
noruM o6peTaeT CMBICH NMILL B CBETE 3BOJIIOLMOHHOIO yieHHs». MOXHO
cKazaTh eme 0oJee onpeaesieHHO: o000 (axT B OHOJIOTHH CTAHOBUTCA IO-
HATHBLIM JIMIIL B CBETE F€HETHKH. I €HETHKA —3TO CEpALIEBUHA GHOJIOTUYECK O
HayKH; JMIIb B paMKaX TEHETUKH pa3HOooOpa3me XH3HEHHBIX (POPM H HpPO-
HECCOB MOXET OBITh OCMBICJIEHO KaK €IHHOE IIENOE.

OCHOBBI TEHETHKH 3aJI0KEHBl OTKPBITHAMH, KOTOpble OBLIM CHEJIAHLL
I'peropom Mengenem B 1866 rony, OqHaKO OCTABaJINCh IIOYTH HEHU3BECTHBI-
mu 10 1900 roma. B uepBoii monosuHe XX Beka HCCIEAOBATENH IPHIILTH
K BBIBOAY, YTO TeHbI UIPAlOT OCHOBHYIO POJib B (YHKIHOHMPOBAHWH H 3BO-
JUOLHUH BBICIIHX Opranu3mMoB. OQHAKO B NOJHOH Mepe BaXXHOCTbL 3TOr0 OT-
KpBITHS CTafa siCHA JMIIb NIOCJIE TOTO, KaK ObIJIO YCTAaHOBJIEHO, YTO BeEWIE-
CTBOM, OTBETCTBEHHBIM 32 HACIIEACTBEHHOCTL Y BCEX OPTaHH3MOB, SBIISIOTCS
HYKJIEHHOBBIe KHCIOTEL. OTKphITHE XuMmH4eckol crpykTypsl JTHK nosBonu-
JIO TOHSATH MOJIEKYISIPHBIE OCHOBLI HACJTEJCTBEHHOCTH M MEXaHU3MbI mefi-
CTBHS I'€HOB ¥ X nepenadd—B popme monexya JITHK u3 nokoneHus B moko-
nenue. Hacneacreennas uu@opmanus XpaHuTcd B (OpMe HYKJICOTHAHOM
nociegoBatensHocTr JIHK; peanuzanus HacnencTBeHHOH wHopmanuu oc-
HOBAaHA Ha TOM, 4TO HyKJIeOTuAHas nociemoBaTensHocTs JHK onpenenser
OCIIE0BATENILHOCTL AMUHOKKCIIOT B OesikaXx. ENMBCTBO BCEro XWBOIO Ipe-
KpacHO NEMOHCTPUPYETCS TeM (akTOM, 4TO KO, CBA3BIBAIOLIMN ITOCTIEI0BA-
TENBHOCTh HYKJIEOTHAOB B siApe C MOCIEIOBATE/ILHOCTBIO aMWHOKHCIIOT,
OIVMHAKOB JUIA BCEX OPraHHU3MOB, Oynbr TO OaKTEepHH, PaCcTeHUsl, KMBOTHHIC
WM 4€JIOBEK.



Opzanusayus u nepedaud eHemu4yecKozo mamepuaia

Ha ppoTsaxeHur NMOCTEAHUX JECATH JEeT TeHeTHKH pa3padoTaid MeTObl,
KOTOpbIE MO3BOJIIUIA UM B JIAOOPATOPHBIX YCIOBHSAX BOCCO37aTh MOCIHE0BA-
TeJbHEIE JTAIbl 3BOJIFOIMH OpraHu3MoB. bojee TOro, 3T METOABI IO3BO-
JISIOT CTaBUTh SKCICPUMEHTHI, B MPHPOAHBIX YCIOBUSX HEBO3MOXHbIE. Mc-
noJyL3ysa MeToa pekomOmHaHTHRX JIHK, reHeTHKM HayYMIIMCh TPAHCILIAHTH-
pOBATh I€HbI OT OJHMUX OPTaHU3MOB IPYTHM, T.€. HEPEHOCHTH I€HETHYECKHH
maTepuan Cloco0oM, HMKOrJa HE BCTPEYABINMMCS B JBOJIIONMH KHU3HH Ha
3emie. HoBoe 3Hapue ¥ BO3MOXHOCTH HCIOJB30BAThL €0 IS JOCTHXKEHUS
HOBBIX LieJIel HMeroT IiyOoKHe nocencTBus g Beed 6uosorun. K «ku3um,
KakOM MbI €€ 3Haem» B MAaJiOH, HO CYIIECTBEHHOM CTEIIEHH, 00aBIAETCS
(OKM3Hb, KOTOPYIO Mbl YMEEM JENATHY.

Ilens 3TOH KHWUIY —INIPEACTABHUTh TEHETHKY TaKUM 0O0pa3oM, HTOOEL,
C OJHOH CTOPOHBI, YHTATE]Ib MOT OIEHUThL €€ MECTO B OMOJIOTHH B IIEJIOM,
a ¢ Ipyrod —MpencTaBUTH cebe MyTh, KOTOPBIM MBI NPHIIIE K COBPEMEHHO-
My COCTOSIHMIO Hamx 3HaHWHA. BemectBo HacnencTBenHoctH, [JJHK, moxHo
paccMaTpuBaTh B TPEX OCHOBHBLIX aCleKTax: CTPYKTYpa, OYHKIMOHHPOBAHUE,
sBoIoNMs. B COOTBETCTBUMHU C 3THM KHMIa COCTOMT M3 Tpex vacted. B mep-
BOW YaCTH OIHKCHIBAIOTCA NPUPONA M OpraHU3aIdsl HACJEJICTBEHHOIO MaTe-
pYana, a TaKXe 3aKOHBI, MOTYMHSSACH, KOTOPHIM HHGpOpManus, XpaHsm@scs
B 9TOM MaTepHaJie, IepeqaeTcs U3 MOKOJIEHUS B 1OKoJieHHe. Bo BTOpO# ua-
CTH OOBACHSETCA, Kak YHACJeIOBaHHAsi OPraHM3MOM TreHeTH4YecKast MHOp-
manus OfnpenesseT ero pas3BuTde u (YHKIMOHHpOBaHHE. B TpeTneil HacTm
00CYXIaI0TCS [TPOUCXOXKICHHE TeHETUUECKO! U3MEHUYNBOCTH U T'€HETHYECKHE
OCHOBbI OMOJIOTHYECKOU JBOJTIOIHM.

Bo BBEOEHMM MBI HAIOMHUM HEKOTOPBIE CBEJIEHHs, KOTOpPBIE YXe A0J-
XHBI OBITb M3BECTHBI YUTATENIO M3 Kypca obuiell Onosiorud. Bo-nepBbiX, Mol
BKpAaTIlE pPacCCMOTPHM pa3jMyHble THITLI OPraHU3MOB, a BO-BTOPBIX, pacckKa-
KEM 0 MHTO3€ M MeH03e—AByX IpoIeccax, HOCPEICTBOM KOTOPBIX HENATCS
KJIETKH 3YKapHoT.

Bupycel

Menpyaiilnge 4acTHI(bl, KOTOPbIE MOTYT CHYHTATHCH JKUBBLIMI,—3TO BHPYCHL
HekoTopble 13 HHX M3BECTHBI TEM, YTO BLICTYIAIOT B Ka4yeCTBE BO30YyIuUTE-
nelt Takux OoJie3Hel, Kak CPHII, NOJTHOMHETUT U MEHHHIUT. BUpyChl Owin
OTKpEITEI B KOHIe XIX Beka, KOrma ymaJoch MoKa3aTb, YTO HEKOTOphiE 60-
Je3HN (HapuMep, mo3amyHas Ooyie3Hb Tabaka) MOTYT NepejiaBaThCsi pas-
MHOXAIOIMMUCS YaCTHLAMM, CTOJIb MEJKMMHM, YTO OHH HPOXOIAT CKBO3b
Hnopel (UIBTPOB, 3afepXKHBalONMX OakTepuu. Bupycbl sBusgiorcs o06nu-
TaTHBIMH Mapa3sdTaMy JKHBOTHBIX, PACTEHHH WJIM MHUKPOOPraHU3MOB, T.€.
OHH He MOTYT pa3MHOXaTbCsi caMocCTOsTesbHO. [lonaB B KjIeTKy XO3suHA,
OHH IIepecTpauBaioT €e OOMEH TakUM 00pa30M, YTO KJIETKA HAYMHACT CHHTE-
3UpOBATL HOBBIE HEOOXOAMMbIE BHpPYCY BenlecTBa. M XOTH BUPYCHl MOLYT
KpUCTAJIIM30BATECS M HE MOTYT OCYLIECTBIATH COOCTBEHHBIH MeETa0OIH3M,
HX BCe-TaKM MIPHYHCIHAIOT K XKMBBIM OpraHu3MaM, MOCKOJIBKY OHH CIOCOOHBI
K Pa3sMHOXEHHIO.

Bupycsl pazngyaiorcs mo CTpyKType, dopMe W pazMepam (cm. puc. 1.1).
B 1935 roay Bennemn Crernm (1904—1971) oOHapyxun, 4TO B cOCTaB BHPY-
COB BXOJSAT HYKJIEMHOBbIE KUC/IOTBI U O€JIKH, T.€. Te )K€ COCAMHEHHUA, U3 KO-
TOPBIX B OCHOBHOM COCTOST XPOMOCOMBI BBICIINX OpraHu3moB. Hekortopbie
BHPYCH! (ITIaBHBIM 00pa3’oM paCTHTEJbHbIE) COAEpPX)AT PUOOHYKIEHHOBYIO



1. Beedenue
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Puc. {.1. DnekTpoHHsle MUKpodoTOrpaduu pas-
JHYHBIX BUPYCOB. Bepxnuil pao: PHK-supycel
nomMoMuenuTa (ysemmuenue x 115000); tabau-
HOHM Mo3zaukh ( x 145000) u capkomel Payca

( x 55000). Cpednuii pad: JJHK-supycel mami-
JoMbI kposaka ( % 65 000), ocusl ( x 40 000)

H nmpocroro repneca ( x 140 000). Huowcnuii pao:

AHK-6axreprogaru T4  (x 110000), T7

(x 65000) u nam6aa ( x 65000) (Prof. Robley
C. Williams, University of California, Berkely
and Prof. Harold W. Eisher, University of
Rhode Island)'.

! 3aecy u ganee B KpYriblx CKOGKax yKa3aHbl
baMuun Tex, kTo JII06E3HO NPETOCTABHI CBOU
doTorpadun.— Ipum. ped.
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Hecokpauaroumecs

Coxpaaroimecs

Puc. 1.2. Mopdomnorus
HecKoJbkux GakxTeproda-
ros. BumHb! pa3nuyns

B CJIOXHOCTH CTpPOCHHS.
Msuorne Gakteprodarn
AKTHBHO HCIOJb3YIOTCS
B TEHETHYECKHX HCCIENO-
BaHHMSIX.

\Qarosax JHK
JHK ﬁaxrepuu-@%

XO03AHHa

20 — 30 mun

JiM3nc GaKTepHH-X03AHHA
H BBIXO/, 3peIIbIX daroBbIX YacTHL

HavasbHbiH MOMeHT

JHK dara BBojiHTCA B KNIETKY

5 — 10 mMuH

JHK x03s11Ha HauMHaeT
paspyuarsca. JHK dara
HayMHaeT CMHTe3MPOBaTbCA

Benxku

20 MuH

B knetke popMupyroTCa
3penbie YacTHIb! hara

Puc. 1.3. XXnusHennnlif nukn Oaxteprodara. dar
HpUKPEILISIETCS K KJICTOYHOH CTeHKe Gaktepuu
u sBoauT B Hee cBoro JIHK, koropas mepe-
cTpauBaeT MeTaboNU3M KJIETKH Ha cuHTe3 (a-

6 —15 MuH

Benku ronosku u OTpOCTKaA
dara HauMHaKOT CHHTEH -
POBaThCA
ropoit [THK u GenkoB. [lanee mpoucxogut
cbopka HOBBIX (DATOBBIX 4YacTHI, KOTOPBIC BBIC-
BOOOXKIAKTCS NPU JIU3UCE KIICTKH.



1. Bseoenue

r

Puc. 1.4. Pa3znuunsie
TUIB GaKTEpHiA.

A. Kokku —chepudeckue
KJICTKH, OJUHOYHBIC WJIH
o0pa3yromue OJUHHBIC
uenouku. 5. banumiasl —
KJIETKH, UMerme dop-
My nanouek. B. Cru-
PHILIBL —KJIETKH, MMELO-
mpe GopMy crumpany.
I'. Y MHorux Gaxktepuit
€CTh [BHUTraTeJbHbIC IpHU-
JATKH, Ha3bIBACMEIC
KTYTHKAMH.

2—-1215

17

krcinoty (PHK), octanbhbie (B TOM 4HCIIE MHOTHE BHpYCHI KH-
BOTHHIX M OaKTepwuii) — Ae30KCHPHOOHYKJICHHOBYIO KHC/AOTY. Bu-
pycbl MOTYT uMeTh (GOpMy lIapa, IajJOYK¥ WM COCTOSATH M3
«TOJIOBBI» M «XBOCTa». BHpYCBIL, BBI3bIBAIONIME SIIYP,—3TO LIa-
puxkd auameTpom okono 10 Hm (1 mm= 10" ° mm). Bupyc Ta-
OayHOU MO3aMKH HMeeT (POpMy MAIOYKH IHAMETPOM OKOJIO
15 5M u gmunol 300 HM.

B reHeTHYECKHX HCCJICIOBAHUAX 4YaIle BCETO WCIOJIb3YHOTCS
BUpYChbl OakTepuii, N3BECTHBIE TaKXKe MOJ Ha3BaHHEM GAKMepuo-
¢pazu (IOCIOBHO «IOXHpaTeNnH OakTepui») WIH npocto daru
(puc. 1.2). darm nNpHKpEISIOTCS K IOBEPXHOCTH OGaKTepHu
u BBOoasAT coSctBeHHyio JHK BHYTpb KileTKH, 3acTaBiss €€ CHH-
TE3UPOBATh KOMIIOHEHTHI OakTepuodara. 13 3THX KOMIIOHEHTOB
cobupaeTcsi MHOXECTBO HOBBIX OaktepHo¢aros, nocie 4Hero
KJIETKA JIN3UPYETCS W HOBbIE (ParoBbie 4ACTHILI BHIXOJAT Hapy-
xy (puc. 1.3).

I[TpoxapuoThl: OaKTEpUM
U CHUHe-3eJIeHble BOJ0pOC/It

IMpocTefinve KIETOYHBIE OPraHU3MBI—3TO npokapuomst (Oyk-
BaJIbHO «IIpeabsaepHble»). K mpokaproTamM oTHOCsATCS GakTepun
W CHHe-3eJIeHble Bogopociu. J{uaMeTp caMbiXx MeNKuX OaKTepui
coctapnsger 0koio 0,1 MxmM (100 um), T.e. OHH MeHbuIe HanOOTEE
KpYyIIHBIX BHPYCOB, OJHAKO KPYyNHBIe OakTepuH, UMeroume ¢op-
My NaJIQUKH, JOCTUraloT JUIMHBI 60 MKM IIpH IONEpedHoOM IHa-
MeTpe 6 MKM. bakTepunm MOryr mMmerb cdepuueckyio (opmy,
¢dhopmy manmoyek wiu cnupanei (puc. 1.4). Knerounas membpana
OakxTepull OKpyXeHa NpPOYHOU KJIETOYHOM CTenKod. Mx macien-
CTBEHHOE BEIIECTBO 3aKIIOYEHO B EQWHCTBEHHOH XpOMOCOME,
OIHAKO SOepHOM MeMOpaHbl, OTAENAOLIEH XpPOMOCOMY OT
OCTaNbHOM KIETKH, Yy OakTepHil HeT (10Y€My OHH W Ha3BaHbI
NpOKapHOTaMH). ¥V OaxTepHil HET Takke MHUTOXOHAPHUH M HEKO-
TOPBHIX APYTHX OPraHeiul, XapaKTepHBIX AJI OHUTOIUIa3Mbl BBIC-
UINX (3yKapHOTHYECKUX) KIIETOK.

HekoTtoprie Gaktepuy, Hanpumep Escherichia coli, oGuTaro-
u@s B KHIIEYHHKE 4YelIOBeKa W JIPYIHX MIIEKOIHTAIOINX,
U Pneumococcus pneumoniae—Bo30yauTeNb  OakTepHaTbHOH
IHEBMOHHUY, aKTUBHO HCIOJIb3YIOTCA B TeHETHYECKHUX HCCIIET0BA-
HUSX.

V cuHe-3eJIeHBIX BOJIOPOCIIEH, Tak e Kak u y OakTepHi, ecTb
KJIETOYHAs! CTEHKa, OQHAKO siAepHasi MeMOpaHa ¥ HEKOTOpBIE [H-
TOIUTa3MAaTHYEeCKHE OpraHellbl OTCYTCTBYIOT. B oTimyme ot Oax-
Tepuil CHHe-3eJIeHble BOLOPOCIHH, KaK MpaBHiIo, 00pa3yioT rpos-
A WIA HUTH, COCTOSIIME H3 MHOXECTBA KIIETOK.

Baktepun © cHHe-3eJIcHBIE BOXOPOCIH OOBIYHO pa3MHO-
KaIOTCH MPOCTBIM [EJICHHEM KJIETKH, KOTOpOe NMPOUCXOQUT IO-
clle AyNJMKaiuM (yOBOEHHSA) XPOMOCOMBL
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CBoGoaHbIe
puBOocoMBI

Opeanusayus u nepedaua 2eHemu4ecKkoz0 mamepuani

OOHOKJIETOYHBIE 1 MHOTOKJIETOYHbIE
YKapHOThI

K aykapuomam (OykBanbfo «0ONaaarolIie HACTONIIUM SAPOM») OTHOCHTCS
BCE KJIETOYHbIE OPraHM3Mbl, KpOMe DakTepHil U CHHe-3eJEHbIX BOIOPOCIIEH.
B sykapuormueckux KJEeTKax €CTb siepHass MeMOpaHa, OrpaHHYMBAIOIas
A0po, B KOTOPOM HaXoAATCA 10 KpalfHel Mepe nBe XpomMocoMsl. B xpomoco-
max sykapuoT JJTHK ob6pasyer xommsekcsi ¢ onpenenenHbiMi OelIKaMH, KO-
TOpPBIE Ha3bIBAIOTCA 2ucmonamu (cM. T1. 4). KpoMe Toro, B 9yKapHOTHYIECKHX
KJIETKaX NPUCYTCTBYIOT ONPEAEICHHBIE OPraHeslyibl ¥ CTPYKTYphbl, KOTOPBIX
HET Y OPOKApHOT: MHTOXOHAPHUH, XJIOPOIIACTHI (TONBKO B KJETKaX pacTre-
HuH), ammapaT [onpaXH, 3HAONIA3MATHAYECKHH pETHKYIyM M BaKyoJHd
(puc. 1.5).

DyKapHOTBI MOTYT OBITH KaK OJHOKJIETOYHLIMH, TaK M MHOZOKAEMOYHbl-
mu. I3 0THOKJIETOYHBIX 3YKAPHUOT HauboJjee 4acTO B IEHETHYECKUX 3KCHEpH-
MEHTaX HCIOIb3YITC Bomopocias Chlamidomonas reinhardi, mady3opus
Paramecium aurelia, npoxxu Saccharomyces cerevisiae. 13 MHOTOKJIE€TOUYHBIX
IYKApHOT OOBEKTAMH TI'EHETHYECKHX HCCICAOBAHMM 4acTO ObIBAIOT rpHdbI
Neurospora crassa n Aspergillus nidulans, xykypysa (Zea mays), TJI0OJ0Bas
myuika (Drosophila melanogaster), nomopas Mbillib (Mus musculus) U 4eTI0BeK
{Homo sapiens).

Knerouynas membpana leKyoma

figepHas memGpaa
y Anpbiuiko

Xpomocoma
MuroxoHgpHa
Anpo

JInzocoma

LleHTpHONH

JHIOMI1a3MaTHYECK U
PETHKYITYM

Annapar
Tombixu

Puc. 1.5, Cxema cTpoeHHS 3yKapHOTHYECKOH K/JICTKH (HA DHCYHKE—KJIETKH MIIEKO~
M TAIomEro). Xopouo 3aMeTHas opraHeinia siapa—3TO SIPBIMKO.
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ILTOIOTBOPEH!
Cniepmato3ons Onnonoteop "e\ 3urora Mysxckas 3urora
N xpomocom 2N xpomocom 2N xpomocom
Ahuexnerka Xenckas surora
N xpoMocom 2N xpomocom
TameTorenes
Me#o3 -(Tonbko Poct
B PENpPOTYKTHBHBIX MHOXeCTBO MHMTO30B
oprasax)
\ INonoBo3spenas camxa 2 /
2N xpomocom
. IMonoBo3penbiv camelr /
2N xpomocom

Puc. 1.6. JKu3HEHHBIR LUK OPraHU3MOB, pas- HA3BIBAOTCH KJICTKAMM 3apOJAbIUEBOH JIMHUH.
MHOXAaKMUXCS MOJIOBBIM IyTeM. B pesynnTate OHHU TakXe pa3sMHOXKAKTCS MHUTOTHYECKH, HO
OIJIOJOTBOPEHHUS XXEHCKOH raMeThl MYXKCKOU Ta- 3aTEM IPETEPIEBAOT MENHO03, B peE3ysbTaTe KO-
MeToH 06pa3yeTcst 3urora. 3uroTa MHOrokpart- TOPOTO 4YHCJIO XpPOMOCOM YMEHBIAETCH BIABOE.
HO TOCJIEI0BATEIEHO MUTOTHYECKH HETUTCH, dAa- IIpu mosoBOM pa3sMHOXEHHHM IUILUIOWAHASN M Ta-
BAsS HA4ajdo0 MHOXECTBY KJIETOK opraHusma. Te miouaHas (raMetHas) (a3l 06s13aTeBLHO HeEpe-
KJIETKH, U3 KOTOPHIX QOpMHPYIOTCS TaMeTsl, AYHOTCS.

2%

Pa3MHOXEHHE Yy 3YKAPHOT MOXET OBITH becnovim (6e2emamusubim) WK
noaogvim. Ipu GecrioyioM pa3sMHOXKEHUN €THHCTBEHHBIA PORHMTENLCKHUN Opra-
HM3M JIeTATCS HA JIBE MJIM HECKONIBKO 4acCTel, NIpHYeM M3 KaXIOW BbIpacTaeT
110 HOBO# 0cOo0H. becnonoe pa3MHOXEHHE IIHPOKO PaclpoCTpaHEHO Y pacTe-
HHIi: U3 MaJEHHKOTO KyCOYKa pacTeHHs, OTAEJICHHOro Hajiexaumm oOpa-
30M, IPH COOTBETCTBYIOINUX YCIOBHSAX MOXET 00pa30BaThCS HOBOE pacTe-
Hue. Kaprtodenb, HanpuMep, jerdie pa3BOJUTH KIyOHSMH, Ye€M CeMEHaMH,
a OOJIBIIMHCTBO (PPYKTOBLIX JepeBheB pa3BOAAT yepeHkamu. becnionoe pas-
MHOXEHNE BCTPEYaeTCsl TakXe y TpHOOB M HEKOTOPHIX HU3MNIUX KUBOTHBIX,
HallpUMep y HJIOCKUX 4epBEH.

INpr m10I0BOM pa3MHOXEHHUM NPOUCXOJUT CIUSHHUE JIBYX NOJIOBBIX KJIE-
TOK WJIM FaMET; OHH 0Opa3yloT OHY KJEeTKY, Ha3bIBaeMYIO 3uzomoii, U3 KO-
TOPO# pa3BuBaeTcsi HOBbIA OopraHu3M. OOBIMHO raMeThl HpHHAMJIEXAT pas-
HBIM ponuTensiM. VcKiiodeHHEM W3 3TOTO NpaBHia fBJISETCS CamMOOIIOAO-
TBOpEHHE, P KOTOPOM 00€ raMeThl NPOU3BOAATCS ONHUM POAUTEIBCKUM
OpTraHU3MOM.

Ku3HeHHBIA UK Pa3BUTHS U NOJOBOTO Pa3MHOXKEHUS MHOTOKJIETOYHBIX
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Ta6mmma 1.1. Jumiougnoe yucao xpoMocoM (2N) pasmHYHBIX BHIOB XHBOTHBIX U
pacTeHHH

Bug Yncno xpomocom
Yenosex Homo sapiens 46
Mlumnanze Pan troglodytes 48
Magkak-pesyc Macaca mulatta 48
Jlomtane Equus caballus 64
Ocen Equus asinus 62
Cobaka Canis familiaris 78
Kouka Felis domesticus 38
IoMosas Mbllth Mus musculus 40
Kpbica Rattus norvegicus 42
OnoccyM Didelphys virginiana 22
Kypuna Gallus domesticus 78
Huneiika Meleagris gallopavo 82
JIsrymka Rana pipiens 26
Meuenocen Platypoecilus maculatus 48
Mopckas 3Be3na Asterias forbesi 36
TyToBblit WeiKonpsn Bombyx mori 56
KoMnataas myxa Musca domestica 12
Inonosast mymka Drosophila melanogaster 8
Komap Culex pipiens 6
Tapakan Blatta germanica 238, 249
Pax-otinensunk Eupagurus ochotensis 254
Benvrit ny6 Quercus alba 24
XKentas cocHa Pinus ponderosa 24
Crmusa Prunus cerasus 32
Kanycrta Brassica oleracea 18
Penska Raphanus sativus 18
T'opox oroponuslit Pisum sativum 14
Ayumctsiii ropomek Lathyrus odoratus 14
®acons Phaseolus vulgaris 22
Orypen Cucumis sativus 14
Xnonmyatauk Gossypium hirsutum 52
Kaprobens Solanum tuberosum 48
IHomupnopsr Solanum lycopersicum 24
Tabax Nicotiana tabacum 48
IMmennua msrkast siposast Triticum aestivum 42
IMinennna amrmmiickas Triticum turgidum 28
Sumens Hordeum vulgare 14
Poxs Secale cereale 14
Puc Oryza sativa 24
JIpBUHBIH 3¢B Antirrhinum majus 16
Hpoxoxu Saccharomyces cerevisiae 34
3enenas Bogopocns Acetabularia mediterranea 20

9YKapHOT CXxeMaTHYeCcKy M300paxeH Ha puc. 1.6. Uncno xpoMocoM B KIIETKe,
XapakTepHOE I JAaHHOTO BHA, COXPAHAETCS MOCTOSHHBIM M3 MOKOJICHHS
B [OKOJIEHHE, IIOCKOJIBKY CYLIECTBYIOT [1Ba THIIA AEJICHHA KJIETOK: OIUH I
00pa30BaHUs COMATHYECKMX KJIETOK (MM KJIETOK Tejla) M qpYrod ajs oOpa-
3oBaHuA ramer. [Ipomecc gesieHns COMATHYECKUX KJIETOK HA3bIBAETCS MUHO-
som. IIpy MHTO3e BCE XPOMOCOMBI AYIUTMIMPYIOTCS {YIBaHBAalOTCS) Iepen
HaYaIoM JeleHUs KJEeTKU. B mpollecce MHUTO3a AYINIMIUPOBAHHLIE XPOMO-
COMBI PaclpeneNsroTCs HOPOBHY MEXIY IBYMs NOYEpPHHMHM KJeTKaMu. B pe-
3yIbTaTE BCE COMATHYECKHE KJIETKM OpraHM3Ma o0iagaroT OOWHAKOBBIM
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Puc. 1.7. 46 xpoMocoM
MyX4HHbl. B HIDkHEH
gacta poTtorpaduu ro-
MOIIOTHYHEIE XPOMO-
COMBI H306paXeHsl [o-
papHo. CleLMaILHO He-
poab3yeMas METOIHKa
OKpackH BBISBJISET TOIe-
PEHHYI0 MCYCPYCHHOCTD,
AIHBHAYANIBHYIO IS
gaxnoii xpoMocombl. Ha
3THX XpOMOCOMax MeTa-
¢a3HOM NIIACTHHKH
MOXHO pa3JIHYUTH
oxono 400 TeMHbIX

¥ cBeTisix Hosioc (Prof.
W. Roy Breg, Yale
University).
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YUCIOM XPOMOCOM. HOCpCI[CTBOM MHTO3a OEIATCA TAKXE OTHOKJICTOYHBIC

JYKapHOTHL

I'amersr obpasyrorca B Iponecce meiiosa. [Ipn MeHo3e Kakpmas KieTKa
JEeNHTCS JBaX/bl, a YICIO XPOMOCOM YABaMBAETCA JHMIIbL OAvH pa3. BoT mo-
4eMy YHCJIO XpPOMOCOM B raMeTax BIBO€ MEHbINE, YEM B COMATHYECKHX
kietkax. [Mapa ramer (0gHa MyXCKas 110JI0Bast KjeTKa H OJHA JKEHCKasl) CJd-
BAETCs B IPOLIECCE, KOTOPBIH Ha3bIBACTC onaodomeopenuem. Obpasyromasics

2%
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[IpY 3TOM 3HIOTA MMEET YHCIIO XPOMOCOM, XapaKTEPHOE AJIS COMATHYECKUX
KIeTOK opranm3ma. MUTO3 M Meifo3 Oosee noApoOHO OLMCAHBI B CHENYIO-
nEx pasaeiax.

Ecyg 4xcio XpOMOCOM B rameTe 0603HauuTh OykBoH N, TO 4MCIO Xpo-
MOCOM B 3urote Oyaer pasHO 2N, 10 NONOBWHE OT Kaxaon u3 ramet. Ecin
3UroTa AUTCS MHTOTHYECKA, TO B KaXJ0H U3 JABYX HOYEPHHX KJIETOK KOJIU-
4eCTBO XpOMOCOM cocTaBUT 2N. B mporecce pa3sBUTHS OTH KIETKH JENATCS
CHOBa M CHOBA, M Kaxaas W3 KJIETOK MHOTOKJIETOYHOTO OpPraHu3Ma COjep-
*HT 110 2N xpoMocoM. OPraHusM NpoayUHpPYET TaKKe FaMEThI, HO OHKM BO3-
HHKAIOT B pe3yfbTaTe Melo3a, 1 KaX/as U3 HEX COJEPXUT JMIMb o N Xpo-
mocoMm. Korga gse rameTbl NpH OIUIOAOTBOPEHUH CIABAIOTCS, BOCCTAHAB-
muBaercss uucno 2N, XapaKTepHOe I8 JAHHOTO BHJAA OpPraHU3MOB
U COXpaHSIONIEECs U3 MOKOJIEHHS B IOKOJeHHE. UHCI0 XpOMOCOM B KJIeTKax
PasIyYHBIX 5yKAPUOT MOXET OBITh BECbMa Pa3iHMYHBIM. Y HEKOTODPHIX BHIOB
XPOMOCOMHOE YHCJIO PABHO XBYM; ¥ IPYrHX OHO MOXKET JOCTHUTaTh HECKOJIb-
kpx coteH (1abn. 1.1). KneTku ¢ gBOHHBIM HaObOpPOM XpPOMOCOM, T.€. cOMa-
THYECKHE KJETKH, Mbl OyIeM Ha3biBaTh OURIOUOHbIMU; KIETKH C OJMHAPHBIM
HAabOpOM XPOMOCOM, T.€. TAMETHI, Ha3bIBAIOTCS 2ANACUOHbBIMU.

B aunougHLIX OpraHM3Max ABE XPOMOCOMBI OJIHOMH Iaphl Ha3bIBAIOT 20-
MOACZUYHBIMU, XPOMOCOMBI, He SBISIONIAECS YJICHAMH OJHON Napbl, Ha3bl-
BAIOTCH He20MOA02uMHbBIMY. Y Pa3A€TIbHONONBIX OPTaHH3MOB, K KOTOPBIM
OTHOCHTCS OOJILIMHHCTBO XXHBOTHBIX, OOBIYHO OJHA H3 IAap XPOMOCOM OT-
BETCTBEHHA 34 ONPEIEICHHE M0JIa; XPOMOCOMEBI 3TOM Napbl HA3BLIBAIOTCH NO-
A06bimu. Bee OcTanbHbIE XPOMOCOMBI HOCHT HadBanue ayrocom. e mio-
JIOBBIE XPOMOCOMEBI B OTJIMYHE OT BCEX APYIMX FOMOJIOTHYHBIX XPOMOCOM He
obs3aTenbHO ONMHAKOBEI 110 pasMepy u Gopme. O/MH U3 [OJ0B (Y MJIEKOIIH-
TaIOMIMX ¥ MHOTHMX HACEKOMBIX 3TO caMibl, a ¥ 6abouex M OTHUIl - CaMKH) Ha-
3bIBACTCS 2emepoeamemusim, IOCKOIIBKY Y IPEACTaBUTENeH TOro mona Ino-
JIOBbIE XPOMOCOMBI (OOBIMHO o0Oo3Hadaembie Oykeamu X u Y) pesko
OTJIMYAIOTCS JApYr OT Apyra. IIpOTHBONONOXHEIM ON HA3BIBAETCS 20MO2d-
MemHbim, 0COOM 3TOro mojia 06JagaloT CXOQHBIMH MOJOBLIMH XPOMOCOMA-
M (a mMmenHO X-xpoMocomamu). Takum 00pasoM, y JIOIeH, MBbILIEH
U Apo30(UI camilbl XapaKTEPU3YIOTC4 Napod IOJOBBIX XpomocoM XY,
a caMkH—~XX (pucC. 1.7). ¥ HEKOTOpBIX BH/IOB Y-XpOMOCOMAa BOBCE OTCYT-
CTBYET; F€TepOraMeTHBIN 110JI B TAKOM cJiydae 00o3HayaeTcst cumMBOJioM XO,
TOrga Kak rOMOTaMETHBIH —IO-pexXHeMY CHMBOJIOM XX.

Mutos

MHuTO30M Ha3BIBAETCS NMPOIIECC ACICHNA Aapa KIETKH, B PE3YIbTAaTE KOTOPO-
TO M3 OJHOH KJIETKH OOpasyloTCs JIBE€ JOYCPHHX, IIPAYEM FHCIO XPOMOCOM
B KaXJ0H M3 HOUX COBNajfaeT C YHCIIOM XPOMOCOM B POAUTENBCKOH KIIETKE.
XpoMOCOMBI yIBamBaloTCA B TedeHHe 0cOOOro Ieproja KIETOYHOro LHKJIA,
IPEAIICCTBYIOUIET0 MUTO3Y. DTOT Neproj HasbIBaeTcA S, IO NEpBOR OykBe
cioBa “synthesis”, MTOCKOJIBKY B TEYEHHE TOTO NEPHOAA MPOUCXONUT CHHTE3
JHK xpomocom. S-nepuoay npeamectsyer nepuoa G, (o1 ¢nosa “gap” —re-
pepeiB), a 3a HUM cieayeT nepuon G,. B tewenme nepmogos G, u G, poct
KJIETOK ¥ MeTabOoJM3M MPOAOCILKAIOTCS, OJHAKO DPEIUIMKAIUHE XPOMOCOM He
npoucxoguT. Eciu MBI 0603raumm muto3 OykBOH M, TO mHOCHeZOBATEIh-
HOCTh COOBITHH Ha HPOTSNKEHUH KAeMOYHO2O YUKAQ MOXET ObITh IpeAcTa-
piera B Buge Gy —» S — G, > M (puc. 1.9). 3aTeM HUKJA HOBTOPSETCS CHO-
Ba ¥ CHOBa, IIOKA NIPOI0JDKACTCS MPOIEcC ACNEHNs KIETOK (nponadepanusl.
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XpOMOCOMBI  [IPE/CTABISFOT cobo#t UIHH-
Hble HATEBHIHBIE 00pa30BaHMsA, KOTOPLIE BO
BpeMs JIEJIEHHs KIETKH CKMMAKOTCH, CTaHo-
pACH KOpOUe U ILIOTHEE, TaK MTO B KaXJOH
MOXHO Pa3jIM4UTh YeHmpomepy ¥ OOHO MJIH
[BA HAEYA XPOMOCOMbL. B 3aBHCHMOCTH OT

PACHIONOXKERUS LEHTPOMEPHI  BBUIEIAIOTCS
TpH THIA XpoMocoM (cm. puc. 1.8);

1. Memayenmpuyeckue, y KOTOPBIX ILjiE-
yd MMEIOT NPHMEPHO OJMHAKOBYHO [IIHHY
(T.e. LEHTpOMEpA PAacIoJOXKeHa INOCpenH
XPOMOCOMBEI).

2. Axpoyenwmpuueckue, y KOTOPHIX K-
HBI TUIEY CHJIBHO PasimuaroTcs (T.e. HeHTPO-
Mepa CIBHHYTA K OJHOMY H3 KOHIOB XpO-
MOCOMBI).

3. Teaoyenmpuueckue, Y KOTOPBIX XOpo-
IO 3aMETHO JIMINb OAHO Iulewo (T.€. LeH-
TpOMEpa HAXOAMTCI Ha CAMOM KOHLE XpO-
MOCOMBI MJIM O4Y€Hb OJIM3KO OT HEro).

HeroMosiora4nsie  XpOMOCOMBI  MOXHO
OTJIMYHTL JPYr OT Apyra 0O pPa3Mepy
H TONOXKEHHIO I1eHTpoMepbl. HekoToprie
YYACTKH XPOMOCOM Ha3BIBAIOTCH 2emepoxpo-
MamuHoebiMyu  (COKpAIIEHHBIMH  TIO-APYro-
MY»), TIOCKOJIBKY OHH COXPaHSIOT IIOTHYEO
KOMITAKTHYIO CTPYKTYpy B MaTepdase H Ha

Kopotkoe mievo

Puc. 1.8. [TepBas, nsAtas U TpuHanuaras Xpo-
MOCOMBI 4EJIOBEKA MPEACTABASIOT Ha ITOM DH-
CYHKE COOTBETCTBEHHO METALCHTPHIECKAH,
AKPOUECHTPUICCKUA U TEJONECHTPHUYIECKUH THIIBI
XPOMOCOM.

paHHHX CTajMsix Npoda3bl KJIETOYHOTO [e-
JeHus, JlpyrHe YYaCTKH XPOMOCOM MM
HeJible XPOMOCOMBI Ha3sbIBAIOTCH 3yXpoma-
muHnogbimy («HOPMATbHO OKPAUICHHBIMU).
Pacnonoxenue reTepoOXpoMaTHHOBBIX y4a-
CTKOB YYUTBIBAIOT [IPH HACHTHPUKAIHMH XPO-
MOCOM.

XOTsi MHTO3—3TO Nponecc, NPOUCXOAANME 6e3 pe3KHUX IepeKTIOYeHHH,
OJHAKO OIpeleseHHble KJIFOYeBble COOBITHS MO3BOJSIOT BBIIEJIHTH YETHIPE
crajMu MuTo3a: npogdasy, Memadasy, awagaszy U meiogpasy (puc. 1.10

Puc. 1.9. Krnerounsiit
uuki. [epuon cuntesa
JHK (S) otnenen or
IpPeIIeC TBOBABIIETO

H MOCENYIONIETO MHUTO-
308 (M) gByms «iepe-
puBaMiny, G- u G ,-ie-
PHOAMH COOTBETCTBEH-
HO. OTHOCHTENBHAS
NMPOJOIKHMTEIBHOCTE S-,
M- u G-nepuogon

Y PasjMuHBIX OpraHd3-
MOB pa3jg4Ha.
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Ipodasa
—A

XpoMocoma
figpeiliko XpoMocoma Xpomocoma Xpomocoma P!
fAnepnasa memOpana

Huty Bepelena UeHrpomepa

Metadasa Pannss anadasa Mo3nuas anadaza

Panuss renodasa

Puc. 1.10. Yernipe cTagmm mutosza. Hymmmxarmus XPOMOCOMHOTO MAaTepHasa IIPOMCXGAKT B MHTEP-
dase, npenwectsyroweil Havany upodassl.



Pannss anagasa Cepenuna anadassl Paunss tesodasa TMo3nsas reodasa

Puc. 1.11. MuTo3 y nuona, Paeonia californica, 2N = 10 (x 850). (Dr. Marta S. Walters, University
of California, Santa Barbara, and the late Prof. Spencer W. Brown, University of California,
Berkely.)
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u 1.11). O xjeTkax, He yYaCTBYIOIIMX B MUTO3€, FOBOPAT, YTO OHU HAXOIATCA
B ukmep@aze; NOCNEIOBATENILHBIE MUTO3bI BCErJa Pa3dacyIcHbl MHTeP(a3HbIM
[IEpHOIOM, B TEYCHHE KOTOPOro mpoucxogur cuHted JHK.

Hpogaza. DT1a craads XapaKTCPU3YeTCs MOCTCIEHHBIM YIIOTHEHUEM
(koHaeHCalMeH) ¥ cUpaiv3aiue XpoMOCOM, B Pe3yjIbTaTe YETO OHU CTAHO-
BSITCSI PasiM4YMMBl 0] MHKDPOCKONOM, 00pa3yss HHTEBU/HBIC CTPYKTYDBL
BuHO, 4TO KaXXJash XpOMOCOMa COCTOMT M3 ABYX KOIMMH, PACIOJIOKEHHBIX
BAOJBb APYT APYra M COEIMHEHHBIX IEHTPOMEPOH. DT KONUU, NoKa OHH HE
pa30IUIMCh, HA3BIBAIOTCH CECTPUHCKUMH Xpomdmudamu. [pyrum Xapax-
TEPHBIM COOBITHEM Ipodaski SABISETCS HOCTENEHHOE UCuE3HOBEHUE SAPBIII-
Ka, COJIEPKUMOe KOTOPOro paclIpesiesisieTcs o BCEMY Aapy. ¥V OOJBIIHHCTBA
OpraHu3MoB B npodasze HayuMHaeT pa3pymatecs spepHas memOpaHa.

Memagaza. V OoNBIIAACTBA OPraHU3IMOB B 3TOT [IEPUOA HCYE3ACT sIaEp-
Hasg MeMOpaHa U XpOMOCOMBI, IPUKPENJICHHBIE IIEHTPOMEPAMHU K HUTIM 6e-
pemena, Oxa3plearoTcs B murTomnasme. Ha 3Tolf ctaguu Xpomocomei codu-
paroTCsi B IUIOCKOCTH, pPacllofIoKEHHOH IocepeluHe MeXay MOoJIiocaMu
Beperena. OB6paszopaBiuasics Metada3Has IUIACTUHKA IPEACTABISIET COOOM
Haubosiee XapakTepHyIO 0COBEHHOCTL MeTadasbl.

Anagaza. OObIMHO 7TO camas KOPOTKas cTaaus MuTosa. Kaxaas ueH-
TpOMEpA JEIUTCS TTOMONAM (IIPU 3TOM XPOMATHLI CTAHOBATCS XPOMOCOMa-
MH), U JIBE JOUYEPHUE IEHTPOMEPHI YCTPEMIITIOTCS K MIPOTUBOIIOIOXKHBIM I10-
JIIOCaM BepeTeHa, yBJiekas 3a cobolt 110 0JHOM U3 ABYX HOYEPHUX XPOMOCOM.

Teaodasza. JIpa Habopa XpOMOCOM TPYIIUPYIOTCS Y IPOTHUBOIOJIOXKHBIX
[IOJTFOCOB BEPETeHA. 374eCh OHU HAYUHAIOT PACKPYYUBATHCS M YAJIUHATHCS,
npuobperas Gopmy uHTEpdazHbIX XpoMocoM. Boxpyr xaxaoro Habopa xpo-
MocomM obpa3syeTcs sipepHas MeMOpPaHa, 1 BHOBb BO3HHKalOT sapbiiku. Kie-
TOYHOE [ejicHUE (yumoKuHe3) TaKxke IOJHOCTbIO 3aBepLIdeTCs Ha OTOH
CTaUH.

Meno3s

Meii03-5T0 n1Ba MOCHCAOBATENBHLIX [CIeHUd SApPa, KOTOPLIE NPUBOAST
K o0pa3oBaHuio raMmer. Bo BpeMsi Meio3a kax/aas KJIETKa AENUTCSH ABAXKBL,
B TO BpeMsI Kak XPOMOCOMBI yBauBAOTCS JIMIIb OJUH pa3, B pe3ylbTaTe 4e-
ro YHCJIO XPOMOCOM B raMeTe OKa3blBAETCSl BABOC MEHBbIIE UX 4UCJA B HUC-
XOJTHOM KJjeTke. /iBa IOC/IedOBATENbHBIX AejeHUsT OOO3HAYAIOTCS TEpPMHUHA-
MH Mmetioz I u metioz I1. B xaxaoM U3 3THX JBYX MEHOTHYECKMX IesieHUH
MOXHO BBUIETIATH YeThIpe cTaauu: npodasa, Metadasa, anadaza # teiaodasa
(puc. 1.12 u 1.13). IlpeawrecTBytouas Meitosy unTepdasa NOJIHOCTRIO aHAJIO-
IAYHA MUTOTHYECKOU uHTepdase; AYIUIMKAIS XPOMOCOM IIPOUCXOAUT B Te-
YeHHe S-Iepuopa.

Meiios 1

IIpogaza I. IT0 o4eHb CIOXKHAA CTaaHs, KOTOPYIO OOBINHO MOJApA3AeAOT
Ha NSTh NOJCTAJUH: JIENTOTEHY, 3UTOTEHY, MAXUTEHY, AUNJIOTEHY W JUAKHU-
He3. [Inst senmomenvl XapaKTEPHO HAYATIO CIIHPAJIU3ANHUU U YIIJIOTHEHHS XPO-
MOCOM; OHHM IPUODOPETAIOT HUTEBUIHYIO (HOPMY M [IOXOXH HAa XPOMOCOMBI
B Hayaje mpodaspl MUTO3A.

Ha ctaguu 3uzomens! roMOJOrMYHBIC XPOMOCOMB!I KOHBIOTMPYIOT, T.€.
COEIUHSAIOTCS IPYT C APYTOM HanogoOHe 3aCTeXKH «MOJHUA. Takoe coenu-
HeHHE I'OMOJIOTHYHBIX XPOMOCOM HAa3bIBAETCS CUHANCUCOM. DTO BaXKHOE Te-
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IIpemeioTuueckasn
vRTepdasa

[Ipodasa |

Jlentotena 3uroreHa NMaxutena Jlnmnorena

Nuaxuues

J

Meracasa [

Anadaza | Tenodasal Mertadasa 1 AHacgasa 11

Puc. 1.12. Cranuu Meiio3a. Pennmmkauus (yABOCHHE) XpOMOCOMHOIO MAaTEpHasa MPOUCXOIUT B S-
[EPHOE IMPEMEHOTHYECKOH MHTepdas3sl. B mepBoM MEHOTHYECKOM ACICHHHM NPOUCXOMUT YMEHBIIE-
HHE BIBOC YHCJIA LICHTPOMED, OMHAKO KAXIAs LEHTPOMEPA NMPHKPCILICHA K AYILIMIHPOBAHHOW XPO-
Mocome. Bo BTOpOM meneHuM Mefo3a NPOUCXOMUT ACJICHUE IEHTPOMEp H IPEBPAaLICHHE KaXMoH
NYIUTAIIPOBAHHONH XPOMOCOMEI B Tapy CAMOCTOSTEIBHBIX XPOMOCOM.
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Tenodasza 11 Hutepdasa

Puc. 1.13. Meito3 v camua xysueuuka Chorthippus parallelus, 2N = 17 (y camku 2N = 18) (x 1500).
U3 wersipex oGpasoBasumuxcs sep (cM. MOCHEAHIO (oTorpaduio) aBa COACPKAT MO ACBATh Xpo-
MOCOM, & JBa—THO BOCEMb, MOCKOJBKY B HUX OTCYTCTBYeP X-xpomocoma. (Prof. James L. Walters,
University of California, Santa Barbara.)

HETHYECKOE COOBITHE, NOCKONBKY OHO JIeNIdeT BO3MOKHBIM OOMEH y4acTKaMu
MEX/Iy FOMOJIOTHIHBIME XPOMOCOMAMH, Ha3bIBAEMBLA Kpoccunzosepom. [se
CLEIICHHbIE TAKUM 006pa30M XPOMOCOMBI Ha3bIBAIOTCH Gugatenmom. Buba-
JIEHT, TAKAM O6pa3OM, COCTOHT M3 ueThipex xpomaTun, CTagus naxumernsl
XapaKTepH3yeTcsl YKOPOUEHMEM H YTOIILEHHEM OHBAJIEHTOB.

Ha cTaguet dunsomenst 1Be rOMOJIOTAHHbIE XPOMOCOMBI JIOUTH PACXO/IAT-
s, OHAKO CECTPMHCKHE XPOMATH/IbI, OCTAOTCH COeIHHEHHbIMK OOeH TIeH-
Tpomepoit. KpoMe TOro, y FOMOJIOrMYHBIX XPOMOCOM OCTAKOTCS OJHA HIIKM
HECKONIBKO 30H KOHTAKTA, KOTOPhE HA3LIBAXOTCA Xuaimamu. Kaxgas xpoma-
THOA MOXET 00pa3oBbIBATL XMA3MBI C JFO6OH M3 XPOMATHA FOMOJIOTHYHOM
XPOMOCOMBI, TaK YTO XMa3MaMH MOIYT GbITh CBS3aHBI JIBE, TPH WM BCE
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A 5 B r
Puc. 1.14. Yerbipe tuna xua3m. A. OaunouHas xua3ma. b. JIB€ XHa3Mbl, 3aTparu-

Balonue napy xpomartua. B. JIBe xuasmebl, cBA3pIBaronme Tpu xpomatuast. [. [IBe
XHa3MBl, CBA3BIBAIOIUME BCE YETHIPE XPOMATHIBL

YyeTbIpe XpOMaTH/ibl OUBAJIEHTA, XOTS KaX/ast XMa3ma 3aTparupaeT JHUIIL Oa-
py xpoMatun (puc. 1.14). Uucno xmasm B OUBajieHTe MOXeT ObITH pas-
JIMYHBIM, HO OOBIYHO uX ObIBaeT ape-Tpu. Hanmpumep, B melo3se y demoBeka
(y XKeHmuH) B CpelHEM MOXXHO HabJIOJaTh JIBe-TPH XMa3Mbl Ha OUBAJIEHT,
XOTS YUCJIO XMa3M B JUIMHHEIX XPOMOCOMAax oOBIMHO OoJibllie, 4€M B KOPOT-
kux. Hanuyue xua3M CBHACTEJLCTBYET O TOM, 4TO MeEXAY XPOMAaTUIAMU
TIPOUCXOJUT KPOCCUHIroBep (T.€. 0OMeH y4acTKamH).

Jluaxune3 XapakTepuU3yeTcsi MaKCUMAJbHBIM YTOJIIEHHEM H CIUpajn3a-
e XpoMocoM, MIpUHUMAROTMX GopMy KOPOTKHX TOJCTBIX NajOYeK.
V 60JbIIMHCTBA OPIAaHU3MOB Ha 3TON CTAAMM XMa3MBbl IepeMematoTcsi B Ha-
upaBjieHNd OT TIeHTPOMep K KOHLIAM XPOMOCOM U HC4e3aroT. B pesyiprate
K KOHNY OHAKUHEe3d KOHTAKT MeXay XpoMaTujaMu COXPaHSEeTCs JMIIb Ha
onHoM wiM oboux koHnax (puc. 1.15). INocie 3aBepiienuss quaxuHesa saep-
Hass MeMOpaHa U SApPBILIKU PAacCTBOPSIOTC.

Memadgbasa I. BUBaJeHTHI MPHKPEILIAIOTCS HEHTPOMEPAMU K HUTSIM Bepe-
TeHa U cobuparoTcs B MeTada3HOH IIACTHHKE, [IPUYEM IIEHTPOMEDPEI TOMO-
JIOTHYHBIX XPOMOCOM PACIOIaraloTcsl Ha MPOTHBOIOJOKHBIX CTOPOHAX ILIA-
ctuakd. B mertadasze | meHo3a romoJIOTHYHBIE XPOMOCOMBI CBSI3aHBI IPYr
C IPYTOM HEePeMeCTHBIIMMHUCS K KOHIIAM XPOMOCOM XHa3MaMU B OTJIMYHAE OT
MeTadaspl MUTO33, KOrJa FOMOJIOTHYHBIE XPOMOCOMBI He 00pa3yroT Naphl

Anagaza 1. LleHTpoMepB! KaXa0i MApsl FOMOJIOTHYHBIX XPOMOCOM pac-
XOaATCS K TIOJIFOCAM BepeTeHa, yBJiekas 3a coboil 1Mo mape XpomaTuj Kax-
noii xpomocoMbl. CoeIMHEHHBIE paHee KOHIBI TOMOJIOTUYHBIX XPOMOCOM
pacxoasTcs, 1 XpoMOCOMBI Bce OoJiee ymaisroTcsi ApYr oT apyra. BaxHoe
OTJIMYHe OT MUTOTHYECKOU aHa(da3bl COCTOUT B TOM, 4TO B aHadase I meiio-
34 HEHTPOMEDPBI He HeJIATCs.

Teaogpaza 1. Tlocsie Toro xax IMepeMellieHHe XPOMOCOM K TIOJIFOCAM Bepe-
TeHa B aHadase 3aBepIUeHO, BOKPYr Kaxaoro Habopa roMOJIOrMYHBIX XPO-
MocoM obpa3syeTcs siepHas MeMOpaHa, U KJeTka AelIMTCA Ha ABE JIOYEPHHE.

UNntepdasza mexay meliosom I u meitoszom II o6b1yH0 poxoaut OBICTPO
WM OTCYTCTBYeT BOBCe. Ee BaxHOe oTimyue OT MHTepda3bl, IpeIlecTBYO-
melt Meito3y I WM MuTO3Y, COCTOUT B TOM, 4To cuHTe3a HoBoit JJTHK B npo-
MEXYTKe Mexjay meiiozom I n meiiosom Il me mpoucxonmut.

LienTpomepa

Puc. 1.15. Bo BpeMs auakuHe3a XMa3Mbl CABMIAFOTCH K KOHIAM OUBAJIEHTOB.
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Jlnunnxa (2V) ARuexeTka (2V)

Bapocnan camia (2V)

31

Meiios 11

K nHavasny meito3a II XxpoMoCOMBI yXe OyILIMIIMPOBAHBI, U I1APbl CECTPUHCKUX
XpOMATH] COelUHEHbl obmmMME 1ieHTpoMepamu. OIHAKO Kaxnas KJIETKa Co-
IepXUT ofuHApHBIH HaGop xpomocoM (N), a He nBoitHOM (2N), kak B Havaje
MuTO3a Wik Meiosa 1. IIpodasa 11 yacTo nmpoxoguT oyeds ObICTpo. B meTa-
daze II xpoMOCOMBl MPHUKPEILIAIOTCS LEHTPOMEPAMU K HHUTSM BepeTeHa
U pacnojararoTes B Meradasuoi muactunke. K navany anadasst 11 xaxgas
LeHTpoMepa jaefuTca (B HePBBI U eqUHCTBEHHBIH pa3 B TeYeHUe Melio3a),
U CeCTPHHCKAE XPOMATHIB! TaKHUM 006pa3soM CTAaHOBATCS XPOMOCOMAMH, pac-
XOAAMKUMEICH 3aTEM K HPOTHBOMOJIOKHBIM INojrocaM. Tenodasza II 3asep-
maetcs obpasoBanueM sjiepHON MemOpaHBI BOKPYr KaXjoro M3 JBYX ra-
IJIOUIHBIX SIEp.

Meito3 I HauunaeTcs B Kietke, cogepxamieil 2N yogoennvix (dynauyupo-
6AHHBIX) XPOMOCOM, H KOHYAETCS 0Opa30BaHUMEM [BYX KJIETOK (TO4YHEe, ABYX
XPOMOCOMHBIX KOMILIEKCOB, MOCKOJIBKY KJIETOYHOE JIeJIeHHE eile He COBCEM
3aBEPILIEHO), KAXAash U3 KOTOPBIX COAEPKHUT IO N Oynauyuposanuslx XpoMo-
coMm. Meito3 Il 3akanuyusaetcs oOpa3oBaHUEM 4YeTbIpex KJIETOK, KaXjgas U3

- O

OnoA0TBOpEHHAs

NMuupnxa (2V)

Situexnerxa (V) Cnepmaroszounn (V)

TlepBuHbIA Q O Te pprunbIit
OOUHT CIIEpMaTOLHMT
O O~ 05
Meiio3 y caMku Meto3 y camua
Puc. 1.16. ObpazoBanue ramer y Apo30QuImL. KJIETOK CTAaHOBHTCS sHnckJeTkod. Bce uerwipe
KneTky 3aponbllIeBO# JTHHHUM pa3MHOXKAKOTCA KJIeTKH, oOpa3yromdecs B Melio3e y CcaMioOB,
NOCPEACTBOM MHTO30B, 4 3aTEM INPETEPHCBAIOT HAa3BIBAKOTCA CHEPMATHIAMHU; B pe3yjipTaTe IO-
MeH03 M IPEBpaLIaloTCsd B OOLHUTH (Y CaMoOK) cieayrouied auddepeHIUpPOBKH OHH NIPEBpa-

K B CHEPMAaTOMHUTHI (y caMIlOB). Y CaMOK JHUIIb [IAI0TCA B CUEPMATO3OHUJILL
0/IHa M3 HETHIPEX oOpasylommxcs IpH MeHo3e
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3penblit Bap())lblluel!blﬁ(

MeELIOK C BOCEMBIO ﬁiuexnen(a

AfpaMu
TpurnionaHoe aLpo
3HocnepMa
OI1000TBOPEHHAsA
AHIEKIETKA
Meracnopa
T Cems
Meiio3 ‘
MarepHHCKas
KileTKa
Meracnopsl
Ipopectox
IMectHk
3aBaA3b
Cemsnouxa

CriuAHHe

Puc. 1.17. )Ku3HeHHBIH nUKI #H 0Opa3oBaHHE
raMeT y pacTeHus. Y JUIUIOHJA B PE3yjIbTaTe
Meii03a NpoucxoAuT obpa3soBaHue crmop. [n-
[UIOMIHOE PACTEHUE Ha3bIBACTCS cnopodumom;
ramion/JHas ¢asa, BKJIIOYAIOIIas CTaJHIO CO3pe-
BaHUs TaMeET, Ha3blBaeTcA 2amemodumom. Ia-
mwiouanas Ga3za MOXKET CYLUECTBOBaTH B (opMe

Ibimbuenoe
3epHO

KeHekHi
raMeTOGHT

Muxkpocnops! |

Marepunckue
KJIEIKH MHKpPOCTIOp

CaMOCTOSATEILHOTO PACTEHUS, HE3ABUCHMOTO OT
auitonHo# dasel. Hanmpumep, v MXOB ramero-
¢$UTHl MPEACTABISIOT COOOH MMEHHO TO, 4TO
MBI HA3BIBAEM MXOM, TOTA@ Kak Copodur
NpPEACTaBIsACT cobOoH cTebeslek, KUBYIUUMHA «Ia-

Pa3HTHYCCKK» HaA raMETO(t)I/ITeA
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KOTODBIX COAePXUT Mo N oauHapHBIX XxpoMocoM. KieTku, obpasyembie Ta-
KuM 06pa3’oM B MYXKCKMX PelpOJyKTUBHBIX OPraHax >KMBOTHBIX, HOCHT Ha-
3BaHHE ChepMamo3ouded. Y CaMOK, O/HAKO, JIMIOb OJHAa W3 4eTsipex obpa-
3YIOIIMXCS B Mei03e KJIETOK SIBJISIETCH AllyeKAemKoi; OCTaJIbHbIE TPH KJIETKH
npeacTaBIsitOT coboif noasapuble meavya, He cIOCOOHBIE BHITOJIHATD (DYHKIMH
ramet (puc. 1.16). V polcumx pacteHH#l oOpasyrommecs B npouecce Mefo3d
MYXCKHE ¥ KEHCKHe TI0JIOBBIE KJIETKH Ha3bIBAKOTCS MUKPOCHOPAMU U Mezdac-
nopamu cooTBeTCTBeHHO (puc. 1.17).

3HaAYeHUEe MEeno3a

MHUTO3-3TO 3K8ayuoHHOe HEJICHHe KIIETKH, B pe3yabTaTe KOTOPOro XpoMo-
COMHBIE HAGODBI MOYEPHHX KJIETOK OKA3BIBAFOTCS MAEHTHYHBIMH XPOMOCOM-
HOMY HaOOpy poauTenbckod KieTkH. Muoe neno Meifo3: mepBoe MeHOTH-
Yeckoe [qejieHHe FBJISETCS PeqyKIMOHHBIM; BTOPOE —3KBALMOHHbIM.

Meiio3 1 Ha3zpIBaeTcs PEIYKIIMOHHBIM JIEJICHHEM, ITOCKOJIBKY YHCIO YieH-
TPOMEDP ¥ XPOMOCOM B KJIETKaX, 00pa30BABIIKUXCA B pe3yabTaTe 3TOrO jejie-
HMSI, B/IBO€ MEHbBIIIE UX YMCJIA B POAMTENBCKOU KieTke. M3 xaxmo#t mapel ro-
MOJIOTHYHBIX XPOMOCOM POJHTENBCKOH KJIeTKH OjHa U3 AOYEepHHX KJIETOK
HoJy4yaeT OTHOBCKYHO XPOMOCOMY, a BTOpas—MaTepuHCKyro. OTIoBCKas
X MAaTepHHCKass XPOMOCOMBI MOTYT COJEPXKATh PAa3MYHYIO FeHETHUYECKYHO
nH(OPMALHIO; HAIIPUMED, B OTIOBCKOM XPOMOCOME MOXET COAEPKATHCS UH-
opmMarmus «rjasa xaphe, rpynna kpoBH B», a B MaTepuuckoif - «ryaza —ro-
ny6sie, rpynna kposu O». TakuMm oOpa3oM, KJIETKH, BO3HUKIINE B Pe3yjibTa-
T€ HepBOro MeHOTHUECKOro HeJIeHUs, TeHeTHYeCKH Pa3JIMYHbl. DTH pa3jIH4Hs,
OJHAKO, He BCErga OTHOCATCA K XpPOMOCOME B TIeJIOM; K&XABI pa3, Korma
HECECTPUHCKHE XPOMATHabl OOMEHHMBAIOTCSA yYaCTKAMH, ABE XPOMATH[EI
OIHOH XpOMOCOMBI CTAHOBATCS TE€HETHYECKHM DA3JIMYHBIMHU (CM. pHc. 1.14).

C npyro#t cropoHel, Meiio3 I1-3T0 3KBamMOHHOE [esleHHe, 3aBEpHIAIO-
weecs genenneM HeHTpoMep. CecTpHHCKHE XpOMAaTHIBI—a, CJIed0BATEIBLHO,
U S1pa, BO3HHUKAMOIIME B pe3ysibTaTe MeHo3a Il,-TeHeTHYecKH HACHTHYHE
(eciu He CUMTATb, KaKk OTMeYaloch B TpenbiaymeM abzame, pekoMOu-
HaHTHBIX y4acTKoB). CyniecTsyioT M HEKOTOPBIE [PYTMe Pa3jIH4us MEXIy
MHTO30M H MeH030M, KOTOpBIE MOXHO BHjaeTh Ha pHc. 1.18.

I'eneTuveckoe 3HaveHHe Mefi03a MOXHO CYMMHPOBATh CJEIYHOIMM
obpazoM:

1. Meiio3 obecnevnBaeT NOCTOSHCTBO YUCIIa XPOMOCOM Y Da3sHBIX MOKO-
JIeHHH OpraHUu3MOB, Pa3sMHOXAOMIMXCS NOJOBEIM myteM. [losioBoe pasmmuo-
KEHHE BKJITOYAET CTAAUIO OILTOAOTBOPEHUS — CIMSHUS IBYX MOJIOBBIX KJIETOK
nim raMet. Eciig OBl 4HCIIO XpOMOCOM B ITOJIOBBIX KJIeTKax Obljio OB TakuM
ke, KaK U B COMaTHYEeCKHX, TO YUCIIO XPOMOCOM YJIBaUBAJIOCh Obl B KaX10M
fIOKOJICHUH.

2. B Metadaze 1 xaxmas oTHOBCKAas ¥ MATEPUHCKAass XpPOMOCOMA HMeeT
PABHYIO BEPOSATHOCTb OKA3aThCH IO Ty WIM JAPYIyIO CTOpPOHY MeTadasHoi
miacTHHKH. COOTBETCTBEHHO B KaXX0H raMeTe MOTYT OKa3aThbCs KaK OTIOB-
CKHe, TaK ¥ MATEPUHCKHE XPOMOCOMBL ECii 4HCII0O XpOMOCOM 3HAYHMTEIBHO,
TO YHACIO BO3MOXHBIX KOMOWHANMH COYEeTaHUs OTIOBCKHX M MAaTEPHHCKHX
XpOMOCOM B TdaMeTe OYEHb BEJIMKO, 4 BEPOSTHOCTH TOrO, 4YTO B ONpenesieH-
HYIO FaMeTy MonaayT XpoMOCOMBI TOJIBKO OJHOTO M3 pOAMTEsIed, O4eHb Ma-
Jia. PaccMoTpuM, Hanmpumep, KapHOTHUN 4YejioBeKa. B kxaxaod HOpMalbHOU
KJIeTKe comepXuTes 23 napel xpomocom. [IpennonoxumM, 4to nepBast OTIOB-
CKasi XpOMOCOMa OKRa3ajach MO ONMpedeeHHYro CTOPOHY MeTadasuoil mya-

3-1215
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Puc. 1.18. CpaBHeHne Meio3a U MHTO3a. PO, YMEHBIIAETCA BABOC. [Ipyroe BaxkHoe

B o6oux ciay4asx XpOMOCOMBI OJHOKPATHO pasinYue COCTOMT B TOM, YTO B MeHO3e TroMo-
YABaHBAIOTCA, OJHAKO B MEHO3€ MPOHUCXOJHT JIOTHYHEBIE XPOMOCOMEI TOMApHO OOBEIHHAIOTCH,
J(Ba KJICTOYHHIX ACIEHUS, B PEe3yNbTaTe 4Hero a B MHUTO3€ —HET.

YHUCJIO XPOMOCOM, NPUXOASINUXCS HA OAHO
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BAVERAYERAYE
| |

Puc. 1.19. Uerplpe BO3MOXHBIX THIA B3aMMHO-
IO PacnofioXKEHHUs JByX Map XpOMOCOM B MeTa-
tasHol miactuHke. [IBE XpOMOCOMBI, Hairpas-
JISFOLLMECS BMECTE K OJHOMY M TOMy Xe
[IOJIFOCY BEPETECHA, PACHONOKEHE! B OJXHOM IIST-
HE; MATCPHHCKHE XPOMOCOMbBI BBIAEICHBI 60-
Jiee TEMHBIM [BETOM, OTLOBCKHE —boJce
ceeTiibIM. Ilpu ofgHOH Mape XpoMoOcoM 4uCIIO
BAPHAHTOB B3AMMHOTO PACIOJIOKEHHS PaBHO
JBYM; IpH ABYX mapax—uerhipem (27 =4), npu
n napax 4MciO BapHaHTOB cocrabiser 2. 3a-

METUM, YTO YHCJIO PA3NUMHBIX BApHAHTOB pe-
3yNbTATOB MEAO3a BABOC MEHBLUIE YUCTA
B3aUMHBIX PACHOJIOKCHHH: pe3yabTaThl MeHO3a
BapUaHTOB | M 2 OJQUHAKOBBI; TO K€ OTHOCHUT-
ca M K BapuaHTaMm 3 u 4. BeposTHOCTEL TOTO,
4TO BCE OTHOBCKHE (M COOTBETCTBEHHO BCE Ma-
TEPUHCKHE XPOMOCOMBI) HANPABITCA K OJHOMY
noslrocy BepeTeHa, pasna (1/2)" ! Dta Bepost-
HOCTb paBHa 1/2 anis ABYX nap Xpomocom (n=
=2), Ho OBICTPO YMEHBLIAETCH C POCTOM 4HC-
Jla XpOMOCOM.

CTHHKH. BeposTHOCTb TOTO, 4YTO HO Ty e CTOPOHY IJIACTHHKH OKaXeTcs
BTOpasi OTIOBCKAS XPOMOCOMA, PaBHA '/,; TO Xe caMOe CIPaBEIIMBO s
TpeTbell, 4eTBEPTOX U BCEeX OCTAJILHBIX XpomocoM (puc. 1.19). BeposiTHOCTB
TOTO, 4T0 Bce 23 OTIOBCKME XPOMOCOMBI OTOHAYT K OJHOMY IOJIIOCY, paBHA
(*/,)**=1/,194 304, T.e. MeHblle ONHOH YETHIDEXMHJUIHOHHOH.

3. KpoccuHropep Mexay HECeCTPHHCKHMH XpOMaTUAaMH emje OoJibIle
NepeMeInuBaeT MaTePHHCKHE W OTHOBCKHE HAC/IENCTBEHHbIE IPH3HAKH B Ta-
MeTax. B pe3ysipTaTe 0OMeHa ydacTKaMH MeXIy HECECTPUHCKUMH XPOMATH-
JaMH YHCJIO PA3JIMYHBIX THIIOB TaMET CTAHOBHTCA NPAKTHYeCKH GECKOHEYHO
6osbmuM. HanomuuM, 4TO y 4eoBeka B cpefHEM Ha KaXIYH XPOMOCOMY
MPUXOJUTCS IBE-TPH XMa3MBl, 4 CJIeIOBATEIbHO, /IBA-TPH OOMEHA y4acTKaMH
xpoMaTia. ['paHHUIbl 3THX Y44CTKOB OT MeHo3a K MeHo3y BapbHpYIOT, Tak
4T0 OOMEH reHeTHYeCKHM MAaTEPHATIOM INPOUCXOOUT KaX bl pa3 IO-HOBOMY.
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KIroueBsle CJI0Ba M NOHSATHS

AKpOLIEHTpHYECKAsT XpOMOCOMa Meiios 11

Anadaza Mertadaza

AyTtocoMma MeTaneHTpHiecKas XpoMocoMa
Baktepuodar Muto3s

Bepetero HeromMonoruaasie XxpoMocomsl
Bupyc OmionoTBopeHue

Tameta IlosnoBble XpoMOCOMBI
Tannoun ITpoxapuotel

I'eTeporameTHbId Mo Mpodpaza

TeTepoxpoMaTHH Cunaricuc

T'oMoraMeTHbIH 1101 CoMaTHyeckasi KjieTka
T'OMOJIOTHYHBIE XPOMOCOMBL Tenodaza

Hunoun Tenouentpuyeckas xpomocoma
3urora Xpomatuaa

HUntepdaza Xpomocoma

KteTouHBIi HuKI Hentpomepa

Kpoccunrosep OyKapHOTHI

Metio3 OyxXpoMaTHH

Meiios 1 Sapo

Bamaum e

1.1. TIpeamonoxumM, 4To Meiio3a He cyiue-
CTBYyeT M OIUIOAOTBOPEHHME Yy DPa3sMHOXAro-
UMXCS TOJIOBBIM IIyTEM OPraHHU3MOB IPOHUC-
XOOUT B pe3ynpTaTe CAMSHHS JBYX COMATH-
4eCKHX KJIETOK C HOPMAaJbHBIM YHCIIOM
xpomocoM. CkoJIbKo XpoMocoM OyleT y Ifo-
TOMKOB OPI'aHH3Ma C BOCEMBIO XPOMOCOMA-
MH B [IITOM, IECITOM H COTOM IOKOJIEHHAX 7

1.2. [Tepeuucsurte obmue 4epPTHI M Pa3iH-
YU MUTO3a U MeHo3a.

1.3. HopmanbHoe 4HCIO XpOMOCOM
B KJIeTKax 4ejoBeka paBHO 46. CKOIbKO Xpo-
MOCOM COZIEPXKAT a) CePMaTO30MbL, 0) sii-
LIEKJIETKH, B) TOJIAPHBEIE TeJIbIa?

1.4. Hepenxo BcTpedaroTcs comaTH4e-
CKHe KJIETKH, YHCJIO XPOMOCOM B KOTOPBIX
OTJIMYAEeTCs OT YHCIIA XPOMOCOM B OOJTBIIMH-

CTBE IPYTHX COMATHYECKUX KJIeTOK. Y yeso-
BeKa, HallpUMep, HEKOTOphIe KIeTKH TIeYeHH
comepkat no 92 xpomocombl. Kax BO3HH-
KaloT Takue KJIeTKu?

1.5. B moToMcTBe KaKuXx OPTaHU3MOB Clle-
OyeT OXHjaaTb OOJbINero TIeHEeTH4ecKoro
pPa3HOoOOpa3usi: pa3sMHOXKAFOLIMXCS Bereta-
THBHBIM ®JIH NoJioBblM nyTem? Iouemy?

1.6. ITpeanonoxuM, 4To KJIeTKH HEKOTO-
pOTro OpraHu3Ma COJEPXAT IO TPH MHapbl
XpPOMOCOM H Kaxxgas XpoMOCOMA OTIMYaeT-
Csl OT TOMOJIOTHYHOH omHMM Mopthosiornye-
CKUM IPH3HAKOM (HaIpuMep, HAJIMYHEM HIIH
OTCYTCTBHEM IEPETSKKH Y OAHOTO K3 KOH-
0B XpoMocoMbl). CKOJIBKO Pa3/IMYHBIX TH-
IIOB raMeT 110 TOMY NPU3HAKY MOXET ObITh
y Taxoro opraHusma?



MeHoe1eBcKad
reHeTuka

IIepBbie peacTaBIeHUS
O HAaCJIeACTBEHHOCTH

JleTH MoXoXH Ha poaMTesel, © XOTS 3TO CXOACTBO OaJIeKO HE abCOoJIOTHO,
OHO TEM HE MEHee SIBHO CBHIETEJLCTBYET O CYIIECTBOBAHHH OMOJIOTHMECKOH
HACJEICTBEHHOCTH. JIrou JaBHO MOHSJIM, YTO JIOJIOBOM 4KT M y 4eJIOBeKa,
W y XHUBOTHBIX CBSI3aH ¢ pa3MHOXKeHHeM. ClienoBaTeNbHO, eCTeCTBEHHO OBLIO
IPEANOJIOXKUT, YTO CEMSI CAMIOB CIY)XHT HOCHTEJIEM HAC/CICTBEHHOCTH,
OJIHAKO, KaK MMEHHO 3TO NPOHMCXOJHT, OCTABAJOCh He SICHO. MHOI'HMe BeKa
TOCHOCTBOBAJIA TEOPHS naHzeHe3d, COTIACHO KOTopol cemsi obpasyercs BO
BCEX 4acTsX Teja, a 3aTeM JI0 KPOBEHOCHBIM COCYZIAaM IONajaeT 4epes ce-
MEHHHKH B NeHHC. CXO/ICTBO MeEX/1y POAHTENISSMA M HOTOMCTBOM OOBSICHS-
JIOCh TeM, UTO ceMs1, 00pa3ysach B PA3JIMYHEIX YACTAX Teja, OTPAXAeT Xapak-
TepHble OCOOEHHOCTH KaXJAOHW H3 HHX.

Teopus nanrenesa Obuia u3BecTHA yxe Apucroremo (384-322 r. 1o H.3.)
H ApYIHM JIpeBHErpedeckuM QunocodaM u npeodnagana eme B XIX B. XKan
Batuct ne Jlamapk (1744-1829) cuuTa)l maHreHe3 OCHOBHBIM MEXaHH3MOM
3BOJIIOIHOHHBIX K3MeHeHUH. ITo Jlamapky, sBomonds ObUla HAKOIUIEHHEM
B 4pelle MHOTUX TIOKOJIEHUil 61aronpruoOpeTeHHbIX NPH3HAKOB: YIPaXHEHHE
UJIH HeyIpaXHEHHe OPraHoOB, 0 er0 MHEHHIO, NIPHBOJAT K TaKUM H3MeHe-
HHUSIM B OpraHu3me (HampuMep, Pa3sBHTHE MYCKYNAaTypsl ¥ CHOPTCMEHaA), KO-
TOpble MOTYT NepenaBaTbcsl MOTOMCTBY. Teopus nanreHesza NpHHEMAaNach
U OpyruMu BesmkuMM Ouonoramu XIX Beka, Bkimodas Yapsza lapBuna
(1809-1882).

ITepBrIii cepbe3Hplil BBHI30OB TEOPHH IIaHreHe3a Oblr OpolneH ABrycToM
BeficmanoMm (1834-1914), koTopelif TPOTUBONOCTABHI €l TEOPHIO 3apooblude-
60ii naasmur. OH NPOBeJI pasiH4He MEXAY 3apOoAbilleBOd MJIa3MOM, BKJIIO-
4aroileH J0JIOBbIE KJIETKH W KJIETKH, U3 KOTOPBIX OHHM 00pa3syroTcs, H coMd-
monaazmoli, K KOTOPOH OTHeCc KJEeTKH OCTaJbHOH uactu opradusma. Ilo
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BelicMany, 3apOJblllIeBas IUIa3Ma OCTAaeTcs HEM3MEHHOM, NepemaBasich INpH
Pa3MHOXEHHH M3 TIOKOJIEHMs B II0KOJIEHHe, TOTJa KaK coOMaToILia3Ma Ipexo-
JAId 1 CO3JaeTcsl 3apOAbIIeBOl Ia3Moil JIMIIb IS TOTO, 4TOOBI 3allu-
TUTb ceOd OT MOBPeXEeHHH K CIOCOGCTBOBATH PA3MHOXEHHIO, JTd TOYKA
3peHHsi B KOPHE IIPOTHBOPEYMIId TEOPUH IIAHI'€HE3d, B COOTBETCTBHH ¢ KOTO-
pOH cemMs caraercsi M3 4acTHI], BbIAEISEMbIX COMATOILIA3MOR H OTpaxaro-
mHUX ee cBOHCTBA. BeficMaH MOAKpPENHI CBOIO TEOPHUIO IKCIIEPHMEHTOM, KO-
TOPBIA CceromHs HAaM KaXeTcd HECKOJbKO IIPHMUTHBHBIM, HO KOTOPBIH,
OJHAKO, OKa3ajJ 3HAYUTEIBHOE BJIMSHUHE HA IOCJeayrolllee pa3BHTHE
IIpeJCTaBJIEHHH O HAacJIeACTBEHHOCTH. Ha NPOTSKEHHMM MHOTHX HOKOJICHHUE
OH OTpe3aJl XBOCTHl MBIIIaM B OOHAPYXWI, YTO JJIMHA XBOCTA Y HX TIOTOM-
KOB OCTaeTcs HEM3MEHHOH. VM3 3TOro OH 3aKJITOYHI, 4TO HACJeICTBEHHbIE
IIPU3HAKH XBOCTA OIPENESISIOTCA HEe 4acTHILAMM, GOPMHPYEMBIMH B CAMOM
XBOCTE€; HAIIPOTHB, OHH ONPEAESIAIOTCS KJIETKAMH 3aPOABIIIEBON I1;1a3MBl,
KOTOpast IIPH OTPE3dHUU XBOCTOB OCTA€TCS HEU3MEHHOM.

OTKprTI/Ie 3aKOHOB HaACJICOCTBEHHOCTH

OCHOBHBIE 3aKOHB! HACJIEACTBEHHOCTH OBUTH OTKPBITHI ['peropom Menpenem
(1822-1884), MoHaXOM aBIyCTHHCKOIO MOHACTBIPS, XHBIIEM B aBCTPHHACKOM
ropoae Bpronne (uetHe Bpro, Yexocnopakust). [Tpumepno ¢ 1856 r. oH Havan
3KCHEePUMEHTHPOBATL ¢ ropoxoM (Pisum sativum), Wi Toro 4toObl y3HATH,
KaK IlepearoTcsl 10 HACJIeACTBY MHAUBHIyallbHBIE IPU3HAKH 3TOTO OPraHu3-
Ma. OneiTel MeHgesis ¥ [0 CeroJHSANIHUM MeEPKaM MOryT CIyXHTb IIpe-
KPacHbIM 0OpPas’iioM HAYYHOTO HCCIEIOBaHHA. Pe3yabTaTnl 3KCIepUMEHTOB
oH onybsukoBas B M3BecTusix obiuecTBa ecTeCTBEHHOH HCTOpUMM B BproHHE
B 1866 T., HO €ro cTaTbss HE NpHUBJIEKJA HUKAKOrO BHHUMAaHUSA Y4YEHBIX.

3akonbl MeHies1s ObLIM BTOPHYHO OTKPHITHI B 1900 rogy Tpemsi yveHbI-
MH, IOJYYHBIIMMH CXOJHbIE ¢ MeHIesieM pe3yJbTaThbl U IPU3HABHIMMH €0
npuopuTeT. 310 6bMH I'yro ne ®pus u3 omnamaum, Kapn Koppene us
I'epmanun 1 Dpux Uepmak u3 Asctpud. C 3TOro MOMEHTa i BCEX CTANIO
OYEeBHAHBIM, HACKOJBKO BEJIMKO 3HAa4YeHHe DAabOTBl MeHIessi: MMEHHO HM
ObLI OTKPBIT NYTh K pa3rajke TafiHbl HACJIENCTBEHHOCTH. MHOIrHe GHOJIOrH

Puc. 2.1. I'perop Men-
JIETb — y4EHBIH, OTKPBIB-
K QyHIaMEHTaIbHBIC
3aKOHBI HACJECTBEHHO-
CTH.
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3amHTepecoBaMch TeHeTukol. [lepBoowepenHoit 3agaveld ObUIO MOKA3aTh,
4TO NPUHIMIEI MeHesis HPHIIOKUMBL HE TOJIBKO K PACTEHWSAM, HO M K XH-
BOTHBIM. DTO OBUIO CIeaaHO B IepBbie ke roagnl XX Beka B OCHOBHOM
JIroceenoMm Keno Bo ®pamiuu, Bunbamom B3TcoHoM B AHDyMM ¥ Buibs-
mom Kactiem B CHIA. Bexkope mocsienoBajiud HOBble BaXHble OTKPBITHSL

MeTtonapl MeHnensa

IIO Menpesns MHOTHE YYEHBIE [IBITAJIMCE [IOHATH, KAK HACICAYIOTCA 6uosoru-
YECKHE NPUHAKH. Onu CKpEilBaiu pacTeHHs WIHA XUBOTHHIX U Ha6n}0na1m
JOMUHAHTHBIE PELECCHUBHbBIE
A

N 4 A

Q Benas
Edund ) cemcHHasA

" oBonouxa

Cepas ceMeHHast {
obonoyxka !

Kentbii
CTPYYOK

3esienblit
CTPYUOK

[nunubli cTeGenb

CaTbti

Kopotxnii cre6en
CTPYUOK P b

Bagyrsiit
CTPYuOK

CeMena

MMasyuiHbie i
UBEThL Mopuumnuctsie  3eseble Bepxyteunpie

LBETDHI

I'mankue XKentsie

Puc. 2.2. Cemb npusHakoB ropoxa Pisum sativum, HacJ€JOBAHHME KOTOPLIX U3yyan MeHuenab. Men-
J€Nb HCIOJIb30BaJ PACTEHHs, YETKO OTIIMMAIOLIMECS [0 OJHOMY IpPU3HAKY.
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CXOJCTBO MEXJY POOMTENSMH H IOTOMCTBOM. Pe3ynsTaThl ObLIM 0OECKypa-
KHUBAFOMUMHI: OJHU NPHU3HAKM MOIJIM OBITh OOIIMMH Y TIOTOMKA C OJHHM
poluTesieM, IPYTHE —C APYTHM, TPEThH — OTJHYHBIMH OT 000uMX pomuTesneil.

I'ny6oxoe IpOHUKHOBEHHE B IIPOOJieMy M YeTKash METOHOJIOTHs obecre-
YU MeHIOemro ycnex TaM, TAe ero IpeillieCTBeHHUKH Tepnein Heyaady. OH
MOHSUI, YTO KaX[Bli pa3 cieiyeT KOHIEHTPHPOBAThH BHIMAaHHE HA OIHOM
npu3Hake, HanpuMep Ha GOpMe CeMsH, a He Ha pacTeHuH B nenom. C 3Toi
neablo OH 0TOOpajy MpHU3HAKH, 110 KOTOPBHIM DPACTeHHS 4eTKO OTJIMYaJIICh
(puc. 2.2). Ipexne 4em cCKpemmBaTh pacTeHHs Mexay coboif, MeHnens Tak-
xKe yOeqricsas B TOM, UTO OHH NMPHHAIIEKAT YuCmbism_aunugs. djsg 3Toro oH,
NOJIYYMB OT CEMEHOBOJOB MHOXECTBO PAa3JIMYHBIX PA3HOBHAHOCTEH ropoxa,
B Te4YeHHe [(BYX JIeT Pa3BOAMJI HX, UTOOBI 0TOOPATE A1 CBOMX OINBLITOB TOJIb-
KO Te JIMHHH, B KOTODPBIX NAHHBIA NMpPU3HAK BCEraa BOCIPOU3BOAMTCS B IO-
TOMCTBE H3 IOKOJIEHHS B IOKoJieHue. [Ipyroit BaxHOH oCOOEHHOCTBIO pa-
6016l MeHpaens ObU1 KOJHYECTBEHHBIH MOOXOMA: OH TMOACYHMTAJ HHCIIO
MOTOMKOB DA3HBIX THIOB, YTOOBl YCTaHOBUTH, ¢ OJAMHAKOBOM M 4acTOTOM
MOSABIIFOTCS HOCHMTENH aTbTEPHATHBHBIX IPHU3HAKOB.

Menpgenepckuii MeTon TeHETHHMeckorQ AHAIMAA —MOACYEeT 4yHciaa ocobeid
KaxIoro Kjacca B NMOTOMCTBE, IOJYYeHHOM OT ONpeleIeHHOro THIA CKpe-
[MBAHUSA,—O-IIPEXHEMY IIUPOKO HCIOJIb3yeTca. PakTHYeCKH 10 BO3HHUKHO-
BeHHsi B 50-X romax MOJEKYJISIPHOM reHeTHKH 3TOT METOA OCTaBajicsl eIHH-
CTBEHHBIM METOIOM reHeTH4ecKoro amajuza. Kpome paspaborku 3aMeva-
TeJIbHOM METONOJIOTHH HaydHAas TeHHaJbHOCTb MeHOensl MPOsSBHJIACL B €ro
crocobHocTH COPMYIMPOBATE TEOPHEO, OOBACHAIOMIYIO NAHHBIE 3KCHEPHU-
MEHTOB, U IIOCTABUTH SKCIEPUMEHTEI, NTOATBEPXIAFOIINE 3Ty TEOPHIO. XOTs
KOHIennus MeHaens ObLia IIPEeICTaBijieHa, CTPOro TOBOPs, B KayecTBe I'MIIO-
Te3bl, B AeWCTBITEILHOCTH 3TO ObUIA 3aBeplueHHas Teopds. BpeMs rmokasaio
ee QyHIaMEHTANBHYIO IOJIHOTY H NPaBHJIBHOCTB.

PaccmoTpuM Temepb NMOCTAaHOBKY 3KCHEpPUMEHTOB MeHens, OCHOBHbIE
3aKOHBI HACJIEACTBEHHOCTH, CJICAYFOIHE U3 3THX IKCIIEpUMEHTOB, 1 TEOPHIO,
KoTopasi OOBSICHSIET 3TH 3aKOHBI M ONMCBHIBAET pe3yJIbTAThl 3KCNIEPUMEHTOB.

JIOMMHAHTHOCTb U pELECCUBHOCTD

Topox pa3MHOXAeTcs CaMOONBLIEHHEM: PAcTeHHs YCTPOeHBl TaKuM obpa-
30M, YTO WBUIbIA OOBIYHO NONAJAET HA PbUIbLE IIECTHKA TOro Xe I[BETKa
H oneuisteT ero (puc. 2.3). OgHAKO HOBOJILHO MPOCTO MOXHO TPOM3BECTH
nepekpectHoe onbUIeHHe. 1 3TOT0 MeHaeNnb packprIBI OYTOHBI U yaaisul
THMHHKH C eIlle HE CO3peBIIed IbLILLOH, MpeioTBpaas TeM CaMBIM CaMo-
ONbUIeHHe, a 3aTEM ONBUIT 3TOT LBETOK NBUILIOH OPYroro pacTeHUs.

B omHOM H3 onbIToB MeHaenb m3yvan HacieqoBaHHe (opMBI ceMsH,
CKpeluuBas pacTeHHs C INIAOKHUMM U MOPIIMHHCTHIMH ropomuHamMi. Pesy.ib-
TaThl OBLIM OQHO3HAUHBI: ¥ BCEX TMOPHIHBIX PACTEHHI MEPBOro NOKOJICHHS
(F,) cemena oka3zanuch IJIAIKMMH HE3aBUCHMO OT TOro, MaTePHHCKHM HIIH
OTI[OBCKUM OBUIO pacTeHHEe ¢ TAKUMH CeMeHaMH. MOPUmHMHHUCTOCTL Kak Obl
MAacKMpOBaJach AOMHHHMDOBAHHEM riagkocTH (puc. 2.4). MeHaens oOHapy-
KWI, YTO AHAJOTHYHBIM 00pa3oM BeayT cebsi Bce CeMb IIPHU3HAKOB, OTO-
6paHpBIX UM [UIs UCCIIETOBAHHUS: B KaXIOM CIy4de y PACTEHUH IEPBOrO rH-
OpUAHOTO TOKOJIEHHS IPOSIBJSUICS JIMIIL OJUH M3 JABYX QJIbTepPHATHBHBIX
[IpU3HAKOB. MeHelb HazBajl TAKUe MPU3HAKH (IJTaIKOCTh CEMSIH, HX XXEJITHIH
1IBET, Ma3yllHbIe IBETKH U T.1.) 00OMUHAHMHbBIMU, 4 aJbTepHATHBHbIE MPH3HA-
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Puc. 2.3. UiseTox ropoxa
Pisum sativum (B paspe-
3e). XOpowlo BUIHEI
Kenckue (mecTux)

U MYKCKHME (TBIMMHKH)
PenpoayKTUBHEIE Op-

TaHBbI.

Iokonenue P

_ _ Thiuvuka

[TecTnk

KM (MODIIMHHCTBIE CEMEHa, 3eJIeHble ceMeHa, BepXyIledHbIC [BETKH) OH Ha-
3BAJL peyecCuBHbIMuU.

ITo3aHee y4eHble YCTAHOBWIJIM, YTO AOMHHHPOBAHHME OJHHX IPH3HAKOB
HaJ APYTAMH IpeacTaBiseT coOOH IMPOKO PACIPOCTPAHEHHOE, HO HE YHH-
BEpCcaJIbHOE sBJICHHE. B HEKOTOPBIX CIIy4asiX HMeeT MECTO HeNnoAHOE 0OMUHU-
poeanue: ubpug F| xapaktepHusyeTcs IPU3HAKOM, TIPOMEXYTOUYHBIM MeEXIy
poauTeabckumu. Hampumep, y JT5BHHOTO 3€Ba L[BETKM THOPHIHBIX pacTeHHH
[EPBOrO IOKOJIEHHs] OT CKPEIIMBAHUS POAMTENEH ¢ MaJVHOBBIMH U OeJIBIMH
LBETKAaMH Bceraa OBIBArOT PO3OBBIMM. Tak ItOJIyYaeTcsi MPOCTO MOTOMY, UTO
B PpO30BBIX IBETAX KPACHOTO MHUTMEHTAa MeHbIE, YeM B MAJHHOBBIX, a
B OeJbIX LBeTax ero HeT BoBce. BbrIBaeT Takxke, 4To B notomcTee F; mpo-
SBJISIOTCS NPU3HaKH ODOMX poaMTenelf; B TAKOM cilydae FOBOPST O KOOOMU-
nuposanuu. Hanpumep, eciii OJMH H3 POaUTesiell MMeeT IPyNNy KpPOBH A,
a apyroii—B, To B XpoBH MX AeTeif MPUCYTCTBYIOT aHTHTEHBI, XapaKTepHbie
H Ul TPYONBL A, ¥ s TPynmel B; Hanmvme 3THX aHTUTEHOB MOXeET OBITH
YCTAHOBJIGHO COOTBETCTBYIOWIEH (AHTHreHHOM) peaxiueil.

X X
I'nankwue MopuwmHucTsie Kenteie 3eseHpre
cemMeHa ceMeHa ceMeHa CeMeHa
Bce cemeHa rimamxue Bce ceMena xenrbie
A

Puc. 2.4. Tlokonenne F B aBYX CKpeluMBaHUsAX MacKupyeTcs. Pe3yjipTaTel CKpeLUUBAHUS HE 3a-
Menzens. Y rubpuaoB NepBOro NoKOJEHUS BHCAT OT TOrO, KakO€ pacTeHHe, OTLOBCKOE HJIH
NPOABJISETCH NPHU3HAK OJHOTO M3 pOLMTENEH MaTEpPUHCKOE, SBJIAETCH HOCHTCNEM JOMMHAHT-
(roMHHaHTHBIH), a adbTCPHATHBHBIN (peUec- HOTO IpH3HAaKa.

CHBHBIH) NIPU3HAK BTOPOTO POJMTENN Kak Obl
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PacuieryieHue

MeHzaens BbIpalMBajl PacTeHUs] W3 CeMSIH THOPHIOB INEPBOTO IOKOJIEHHS
M JOIYCKaj CamMOOIIbUIEHHE 3THX pacTeHud. B monyueHHoM Takum obOpaszom
BTOPOM MOKOJIEHMH OT CKPelMBaHHSA MeEXIy PACTEHHSIMH C TJaJKUMH

Iokonenue P

I'nankue
ceMeHa

MopIuHHHKCTBIE
ceMeHa

Bce cemeHa rimagkue

HMNoxonenne F,

TMoxoneHne F,

Y

5475 rnamKkHx 1850 MOPpH -
ceMsAH HUCTBIX CEMSAH
(2,96) e8)

Puc. 2.5. I'ubpunet Broporo mokonenus (F,) or
CKPCHMBAHUA IOpOXa C INIAJIKUMH M MOPILH-
HUCTBIMHM ceMeHamu. 4. [Tpu camoomnsliieHUH
pacTeHud F ¢ riankumm ceMeHaMH Ui TpH
MEPEKPECTHOM OMBUIEHMH MEK/IY TAKMMH pacTe-
HHUAMHA B TIOKOJCHHH I, NMpHMEpHO TpH 4eTBEp-
TH pacTCHUH KMEIOT IJIajKHe CEMEHa, a OJHA
4ETBEPTh — MOPIIMHHCTEIE. b. Tlpennoxennoe
Menpaenem oOwsicheHHe. Byksnl R u r 06o3Ha-
HarOT AJETEPHATHBHBIE (GaKTOpHI (ajesiu), oT-
BETCTBEHHBIE 34 [JIAJKOCTE U MOPHIMHHCTOCTh

F

I'nanxye ceMeHa MopInHHHCTBIe ceMeHa

RR x rr
Bce R Bce r Pogutenbckme
rameTsl
B F, Bce cemena
Rr  rnapxwue, nockonbky R

\\llow«l}mpyer Hap r

1/2R 1/2 r Tamern F,

AlueKkeTkH

IbiTpueBbIe 3epHa

3/4 rnapgkux 1 1/4 MOPIIMHUCTBIX

CEMSIH COOTBETCTBCHHO. BEpOATHOCTH MOSABJIE-
HUs JI0OOro THNA pPACTCHUH MOXHO y3HATh,
NEPEMHOXHUB BEPOSITHOCTU JJISA THIIOB TaMeET,
CJIMSIHAE KOTOPBIX NPUBOIUT K HOPMUPOBAHHIO
JAaHHOTO TUHa pacTeHuH. Tak, Hanpumep, Be-
POATHOCTL MosBacHus B F, pacrenns tuna RR
paBHa OJHOH YCTBEPTH, NMOCKOJBKY C BEPOSAT-
HOCTBIO 1/2 ajmnens R CONEepXKHUTCH B OTUOB-
CKOM TaMETC H C TAKOH XE BEPOSATHOCTHIO — B
MaTepuHCKOH; oTkyma (1/2)-(1/2)=1/4.
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TaGauna 2.1. PesynbTaThl onblToB MeHaens 10 CKPEeLMBAHMIO PACTEHHH TOPOXa, Pa3IHYArOIIUXCH
10 OOGHOMY H3 CEMH IIPH3HAKOB

F, (xoauuecTBO) Fs (%)
[pu3uax* F, Homu- Penec- Homu-  Penec-
HAHT- CHB- Beero HaHT- CHB-
HBIC HBIC HbIC HbIC
Cemena: Tnagkue TM60 MOpHIMHH- I'nagkue 5475 1850 7325 74,7 253
CTBIE
Cemena: xeJTble JHOO 3e€JICHBIE Kentere 6022 2001 8023 75,1 249
Leemur: puoneTosbie ubo Gesinie DHoJIeTOBLIE 705 224 929 759 241
Heemur: nasywnple muGo Bepxyuied-  IlasymHble 651 207 858 75,9 24,1
HBIE
Bobvi: («CTpY4KH») BBIILYKJIBIE JIHGO Beiykeie 882 299 1181 74,7 253
¢ TEePETKKAME
Bobw: 3enenvie 1uOO XelaThIE 3eneHpre 428 152 580 73,8 26,2
Cmebesb: UIMHHBIA TG0 KOPOTKHIA JUTuHHBIH 787 277 1064 74,0 26,0
Bcero uiu B cpegHem 14949 5010 19959 74.9 25,1

s

* JOMHHAHTHBIE TIPH3IHAKH BCETAA YKA32HDBI [EPBLIMH.

U MOPIIMHUCTHIMHU CEMEHAMM BCTpeYaIMCh KaK TJIaJKue, Tak H MOPIIIH-
HHUCThIE TOPOLIUHLI; 60Jiee TOrO, Pa3Hbi€ IOPOLIUHBLI OKA3BLIBAJIUCH CHASIIH-
MH OOk 0 OOK B OJIHHX U T€X XK€ «CTpyykax». MeHaesb noacuuTasi: Ha 5475
TIAAKHX CEMSH mpUnuioch (850 MopumHuHCTHIX (puc. 2.5). DTO OTHOMICHHE
oueHb O6m3ko k 3:1 (TouHee, 2,96 :1). biu3kue oTHOIIEHHS HAGIIOATHCD
U IIPH JPYTHX CKPEIMBAHHAX : KaXAblil pa3 B nokoJieHuH F, pacteHu#t ¢ no-
MHHAHTHBIM IPH3HAKOM OKa3bIBAJIOCh IIPUMEPHO BTpoe OOJbINe, YEM C pe-
LEeCCUBHBIM (Tabum. 2.1).

Teneps MeHnenb MOT ONPEAEIMTh, PA3MHOXAIOTCS JI PAaCTeHUS ¢ riaf-
KMMH H MOPIIMHHCTBIMHA ceMEHaMH M3 F, B 4HMCTOTE, T.€. COXPaHAIOTCS JH
9TH NPU3HAKH [IPH CAMOOIIBIIICHUH Y BCeX NOTOMKOB F, B cieayronux noxo-
senusix. OH IpopanMBai ceMeHa F, ¥ npenocTanisi NOJIYYHBLUIMMCS pacTe-
HHSAM BO3MOXXHOCTb CaMOONBLISATLCA. Y PAacTeHHMH, BbIPOCHIMX M3 MOPIITH-
HUCTBIX CEMSH, CEMEHa Bceraa ObLTH MODPHIMHUCTHIMH. OOHAKO pacTeHHS,
HOJIy4eHHBIC U3 JIAJKHX CeMSH, BENH ceOst coBepuleHHO MHave. Oxasalocs,
YTO IIaJKHEe CeMeHA OBIBAIOT ABYX THIIOB, BHEUIHE COBEPIICHHO HEPAa3JIH-
YHMBIX : IPUMEPHO OJIHA TPETb M3 HHUX JA€T PACTEHHUsl C TAKMMH XK€ CEMeHa-
MH, 4 B HOTOMCTBE TTaiKHX CeMsIH APYroro TUIAa (OHH COCTABJNAIOT 2/5)
[JTAJKue U MOPIIMHUCTLIE CeMeHa BCTpeyaroTcd B cooTHOmeHuH 3 : 1. Takum
o6pa3oM, oqHa TPETh IIAIKHX ceMsH W3 F, (MJIM onHa 4eTBepTh BCEX CEMSH
B F,) B crienyiomeM MOKOJEHHMM HE JAET PACIICIUIEHUS, TOrAa Kak
OoCTanbHbIE J1BE TPETH (MJIH MOJIOBHMHA BceX ceMsiH B F,) BenyT cebst Tak xe,
Kak ceMeHa H3 nepBoro rHOpuaHoro nokoJienMs F|: U3 HUX BbIpacTaroT pac-
TEHHS, B KOTOPBIX TJIAJKHE H MOPIIUHHCTHIE CEMEHA BCTPEYAIOTCS B COOTHO-
mieHuu 3 :1.

Taxue e pe3yapTaThl ObLIM NOJYYEHBl U UI APYTHX Hap IIPU3HAKOB. Bo
BCEX CiyyasiX PacTeHUS C PElECCHBHBIM NPU3HAKOM U3 F, pasMHOXaJUCh
B YHCTOTE: UX MOTOMKH B cieayromem nokonenun (F,) umenn tot xe deHo-
. YTo kacaeTcsd HOCHTENCH JOMUHAHTHBLIX IPH3HAKOB B F,, To OHH Oblin
JIBYX TUNOB: OJHA TPETh Pa3BOAMJIACH B YHCTOTE, & B HOTOMCTBE OCTAJIBHBIX
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Puc. 2.6. CxpeumBaHue
MEXJY PaCTECHUAMHU
JIbBUHOTO 3¢Ba ¢ OeJibl-
MH H MaJIHHOBBIMH IIBE-
TamMH. B F1 LBETHI PO-

30BBIE, YTO CBUACTEIb- RR rr
CTBYET O HENOJIHOM [0- ManuHOBBIR Benblit
MHHHPOBaHHUH MaJIUHOBOH

oKpackd Han Gemoit. B F, \

PacTCHHs ¢ MAJIHHOBBIMH, TaMern
PO30BLIMU M OeJIbIMH IIBE-

TaMH TPEACTABJIEHbI B OT-

HOIIEeHUH 1:2:1.

F,

Rr
Po30BbIH

ameTsl 9;. (3\ TameTnr

IBYX Tperedi B F, HOCHTENH AOMMHAHTHOrO M pEIECCHBHOTO NPU3HAKOB
BCTPEYaJiuCh B cOOTHoLUIEHUH 3 : 1.

BriocnenctBuu OpIn0 n0Ka3aHo, 4TO pe3ysibTaThl MeHOens ClipaBelIMBhI
W ANs pacTeHHWil, W JUis KMBOTHBIX, H ueJOBeKa. B ciyuasx KogoMuHMpOBa-
HUsl MJIM HENOJIHOTO JOMMHUPOBAHUs HOKoJicHHE F, cocTOMT M3 TpeX Knac-
COB: B YeTBEPTH CJlyyaeB HPOSBISCTCS NPU3HAK OTHOTO POTUTENS, B APYrow
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Puc. 2.7. Hacnenosanue
OKpacKH OMEpEHHS Y aH-
nanysckux kyp. B F,
OKpacka y Kyp cepas,
T.¢. IPOMEXYTOYHAS Me-
KOy 4epHOH u Genoit
OKDacko# poauTescit.

B F, coornomenue
YEpHBIX, Cepblx H Oelbix
kyp 1:2:1. YepHble

H Genble Kypol 3 F,
Pa3sMHOXAIOTCS. B 4HCTO-
T€, T.€. OTOMCTBO OT
CKPELUBAHUSL MEXIy
YEPHBIMH T1Oy4aeTCA
BCErZa YEPHBIM, MEXIY
oenbeimu — GenbiM. Ckpe-
UMBAHUE MEXAY CEpbl-
mi ocobsmu B F,
CHOBa [aeT B MOTOM-
cree (Ha aToT pa3 B F)
paciielicHie Ha
HEPHBIX, CEPHIX U OelibIX
B OTHOLIEHHH 1 :2:1. g

4eTBEPTH — BTOPOTO, a IIOJIOBHHY COCTABJIAIOT 0COOH, KOTOPBIE BHIIIISIIST TaK
xe, kak rubpunsl F,. Tlpu 3TtoM ocobu, moxoxue Ha poAMTENEl, HE AAKOT
B IIOTOMCTBE PACIIEIUICHHS, TOT/1a Kak MPH CKPEIMBAaHHM THOPHIHBIX OCO-
6eit B F; HabmromaeTcs Takoe Xe PACIICIICHUE; IO OOHOH 4eTBEpTH ocoOeH
COBMANAOT N0 GEHOTUNY C KaXObIM H3 poauTescd, a MOJOBHUHA ocobeH
HMeeT THOPHIHOE HposBACHHE Hpu3Haka (puc. 2.6 u 2.7).
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I'eHbl - HOCUTEJIW HACJIEACTBEHHOCTH

JUist oGBbSICHEHHS. Pe3yJIbTATOB CBOMX ONBITOB ¢ ropoxoM MeHIE/b BbUIBH-
HyJl CJEAYIOUIYI0 THIOTE3y. AJbTCPHATHBHbIC NMPH3HAKH, TAKHE KaK Tial-
KOCTb H MOPUIMHHUCTOCTh CEMSIH, OTIPEICIIAIOTCA HEKUMHU (pakTopamu (Tenephb
IX HA3BLIBAIOT 2eHaMU), HEPEIAOLMMUCS OT POAMTENICH MOTOMKAM C raMeTa-
MH; KaXapli GakTop MOXET CYMIECTBOBATL B ONHOHW MM HECKOJBKHX alib-
TepHATUBHBIX (hopmax (HbIHE Ha3bIBACMBIX d11€4aMu), KaXnas U3 KOTOPBIX
OTBETCTBEHHA 34 ONHY W3 BO3MOXHBIX albTEPHATHBHBIX (POpM MPOSIBICHASA
npu3Haka. B KaXOgoM pacTeHWH ropoxa coaepxatcs [Ba reHa, oOyClOBIH-
BAIOLIHE NpPOABICHHE MHO6G0r0 MPpH3HAKA; OAUH HOTYYeH OT OTLOBCKOIO pac-
TeHUsl, a APYroil —OoT MaTepuHCKoro. Takum o6GpasoM, B KaX]OM pAaCTEHHH
ropoxa ecTh ABa I€Ha, BIUSIONIME HAa (HOPMY CEMsH; KaXIbiid U3 HUX MOXET
6bITh 100 B (opMe, ONPEACAIOMmEH rIaIkoCcTh TOPOUIMH (aJJieNb TiagKo-
cTd), 60 B PopMe, OTpeneNsAONeH HX MOPIIMHNACTOCTD (aJ1Ie1b MOPIMHN-

CTOCTH).
F'omo3uroTsr I'eteposuroTer
Cemena
Inapxue MopiuHHHCTbIE
RR rr
Cemena

Kentoie 3eneHble
YY Yy

Ueetst
JIbBHHOTO
3eBa
ManuHOBbBIE benvie Po3osbie
rr Rr
Onepenne
Kyp

Yepuble benbie Cepble
BB bb Bb

Puc. 2.8. T'OMO3HTOTHBIE M FETEPO3UTOTHBIE OCOGH PAa3/MYHLIX BHIOB OPraHH3MOB.
I'oMO3MroTH MMEIOT [Ba MACHTWUHBIX AJJICJIS IeHa, ONpPEACAIOIIEro AaHHbLH
[IPH3HAK; ¥ TETEPO3UTOTHI aJUIEH PA3HbIE,
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3neck HAM CclIeJyeT BBECTH CIIC J1BA TEHETHYECKHX TepMHHA. [0MO3u20-
moil (WIH TOMO3HTOTHO#) Ha3bIBAeTCsi 0coOb, y KOTOPOH ABa reHa, olpeie-
ISFOIIME NAHHBIA NPU3HAK, HIEHTHUYHDL, T.€. 0CO0b ¢ MACHTHYHBIMH AILTCNs-
MH. ['emepozuzomoii (MM TeTEePO3UIOTHOH) Ha3plBaeTCs 0COOb, y KOTOPOM
J1Ba T¢Ha, ONPEHENIAOIIMe NaHHbIH IPU3HAK, Pa3JIMuHbl, T.€. 0COO0b COACPKHUT
J1Ba pasHBIX ayuiens. TakuM oOpas3oM, pasMHOXAIOMIMECS B YHCTOTE pacte-
HUSL ¢ THAQAKHMH CEMEHAMH TOMO3MIOTHBI IO 3TOMY NPU3HAKy, 4 pacTCHUS
¢ MOPUIMHHCTBIMHM CEMEHAMHM, B NMIOTOMCTBE KOTOPBIX BCE CEMEHA MOPILH-
HHUCTBbIE, TOMO3UTOTHH IO JaHHOMY npu3Haky. [mbpuaer I, oT ckpemmpa-
HHUS MEX]ly PaCTCHUSIMH, TOMO3UTOTHBIMH 110 YaKOCTH H MOPUIMHHCTOCTH,
reTepO3UTOTHHI 110 COOTBETCTBYIOWMM asiensmM (puc. 2.8).
Enunoobpasue ruOpuioB mepBoro IOKOJIEHHs IpHBesIo MeHuens K 3a-
KJAIOYCHHIO, 4TO B TETEPO3MIOTHBIX OCOOSX OfMH aelb JAOMHHAHTEH,
a opyroii pereccuBed. M3 toro ¢akra, YTo B MOTOMCTBE rMOpunos (retepo-
3UTOT) BCTPEUArOTCS HOCHTEIHM OOOUX pPOAMTENLCKUX HpPU3HAKOB, MeEHIenb
cneana BuIBOA, 4TO 06a pakmopa (2eHa), onpedeifiowjue aibmepHAMUGHbIe
NPOAGACHUS NPUIHAKA, HUKOUM 00pA30M He causaiomca 0pyz ¢ Opyzom,
a ocmatomca paz0eabHblmu Ha RPOMANCEHUU 8Cell HCU3HU 0cobU u npu popmu-
POBAHUY 2amem PACX00AMCA & pa3Hble 2amemyl, TaK YTO [OJIOBAHA TaMET IO~
JIy4aeT OJUH I'€H, a HOJIOBUHA — BTOPOH. 3TO yTBepXKIACHUEC Ha3bIBACTCHA 3AKO-
Hom pacujenienuns Menoeas.
ITapwl reHoB yacTto 0o603HayaroT OyKBaMH, IpUueM JUIs 0003HAueHHs 10-
MHHAHTHOTO aJllefis MCHo/Ib3yeTcs IpolucHas OykBa JIATHHCKOTO aadaBUTa,
a QIS PEUEecCCHBHOIO—COOTBETCTBYIOIAs CTpouHas. Hanpumep, anienb
r1aJaKOCTH ceMsH oObIYHO 00o3HauaeTcs OykBoil R, a alienb MOPIIMHHCTO-
cTH — 6yKBO# r. COOTBETCTBEHHO TOMO3HIOTHBIE PACTEHHMS ¢ TIAAKUMHA CeMe-
HaM¥ moiy4aror obo3HaueHHe RR, a ¢ MOPUIMHHCTBIMH —rr. I'ub6puabl mep-
Boro mokoneHus F, 3amucbiBarotcs Kak Rr; OHM NMPOU3BOJST raMeThl ABYX
THIOB R W r B paBHBIX KoJiyecTBax. IIpH caMOOIBIICHUN pacTeHUs C IeHO-
THNOM Rr (MM IpW €ro ONbUICHUY IBUIBLIOW TAaKOro K€ pacTeHHs) BO3HM-
Puc. 2.9. Ananusupyio-
UMM CKPEIIUBAHUEM Ha-
3BIBACTCA CKPCHINBAHHUC
rubpua F2 ¢ penec-
cuBHBIM ponuTeiem. Ha T'u6pumpt F, PacTesus ¢ MOpIH ~
PUCYHKE TPEICTABJIEHBI (rmankue ceMeHz) HUCTBIMH CEMEHaMH
Pe3yabpTaThl CKpemmBa-
nust rubpuma ¥, mexny
tdopMaMH C riaagKuMH
H MOPHMHUCTBIMU CEME-
HamH (Rr) ¢ pacrenuem,
001aJA0UIMM MOPIIIH-
HHCTBIMH TOPOILHHAMHA Tamert I/2R  1/2r Bee r
(rr). Meunen» o6Hapy- :
KW, YTO B TaKOM CKpe-
IUBAHHH B COOTBCT-
CTBHH C €r0 THIIOTE30H
NPUMEPHO TIOJIOBHHA I10-
TOMKOB HMCCT T'IIagKHC
CEeMeHa, KaK rvOpHAHBIH
PoOOUTEib, @ BTOpAs IIO-
JIOBHHA — MOPHIHHHUCTEIC,

KaK PElECCHBHBIH poau- 106 riamKEX ceMsIH 102 mopimHHCTBIE
Telb. FOPOILHHBI
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KaroT HOTOMKH Tpex TUnoB: (1) '/, —9To pacTeHus ¢ rIaakuMu CEMEHAMH, He
JAroIMe B OTOMCTBE paciierieHus (RR); (2) noloBuny HOTOMCTBA COCTa-
BJIIFOT PACTEHMA C TNIaJKUMH CeMEHaMH, KOTOPbIE, ONHAKO, IPH CaMOOIbLIe-
HUH JAI0T B NOTOMCTBE (T.€. B NMOKOJIGHMH F;) pacTeHHs Kak ¢ TIajKuMH,
TaK U ¢ MOPUIMHMCTBIMH ceMeHaMH (Rr), u, HakoHen, (3) onHa YeTBEpTH pac-
TEHUH HMeeT MOPIIMHHUCTBIE CeMeHA. DTO FOMO3HIOTHI I't, OHH np0H3BozuIT
raMeThl OJHOI0-€JUHCTBEHHOTO THIIA.

MeHzens npoBepsil CBOIO I'MIOTE3Y PA3THYHBIMH CIOCOOaMH. OILHH u3
HUX, BIOCJEACTBHM LUMPOKO IPUMEHSIBIIMHACA TeHETUKAMH, HA3LIBACTCS aAHA-
ausupyrowum ckpewpusanuem (puc. 2.9). dns storo rubpuuHeie ocobu F,
CKPELIMBAIOT C X PELECCUBHBIM poauTeneM. Eciu runore3a Menpgens crpa-
B€J/IMB4, TO B IIOTOMCTBE OT TAKOTO CKPEIIMBAHHS OCOOH C PELIECCHBHBIM
X [OMHHAHTHBIM IPH3HAKaMM JOJKHBI OBITH NPEACTABJICHBl MPUMEPHO
B OJIMHAKOBOM KoJHuecTBe. Pe3y/IbTaT NOJHOCTHIO COOTBETCTBOBA OXHIac-
MOMY.

He3aBucumMoe KoMOUHMPOBaHUE

OnucaHHble HAMH ONBITHI MeH1e/IA OTHOCATCS JHUIIbL K HACIEIOBAHHIO allb-
TEPHATUBHBIX NPOSBICHUH OJHOrO MpU3HaKa. A YTO NPOHUCXOOHMT, KOraa
ONHOBPEMEHHO paccMaTpHBalOTC ABa MpH3Haka? MeHaeab chopMymHpoBan
3aKOH HE3ABUCUMO20 KOMOUHUDOSAHUSA, KOTOPBIA TJIACHT, YTO 2eHbl, Onpeode-
AAIOWUE DA3AUYHblE NPUBHAKU, HACACOYIOMCA He3agucumo opyz om opyaa.
(BnocneacTBuH, 0qHAKO, ObLIO TIOKA3aHO, 4YTO 3TOT 3aKOH CIPABEIINB TOJIb-
KO IUIs1 TEHOB, HAXOMSIIMXCS B PAas3HBIX XPOMOCOMAX.)

Menzeab BbIBEN 3TOT 3AKOH H3 PE3yJbTATOB CKPELIMBAHHS PACTEHUH, OT-
JIHYABIIMXCH O JABYM pa3lIHYHLIM NpH3HAKaM (Takoe CKpelBaHHE Ha3bl-
BaeTCA Ou2uOpUOHbim). B OIHOM K3 ONBITOB PACTEHHS ¢ TJIAJKHMH JKEITHIMH
CEMEHAaMHM OH CKPEHIMBAJ C PAaCTEHUSAMM, CeMEHa KOTOPBIX ObLIM MOpPLIH-
HHCTBIMH H 3eNeHbIMU. Kak u caegoBaito oxunath, B F; ceMeHa Bcex pacte-
HU ObUTH TTagKHMH 1 KeNTbIMH. OueHb MHTEpEecHbIe pe3yJbTaThl ObLIH IIO-
JIyueHbl IIpU aHamM3e rubpunoB BToporo nokosenus (F,). Menaens 3apanee
paccMoTpes ABe BO3MOXHOCTH: (1) IpH3HAKU, HACTEIYEMbIE OT KaXI0ro po-
JUTENA, IepenaroTcs NOTOMCTBY BMeCTe; (2) MpU3HAKA NIEpeIaroTcs HE3aBH-
cuMo npyr ot apyra. Co cBOHCTBEHHOM €My YETKOCThIO MeHAENb chopMy-
JIUPOBAJ CAEACTBHS, BLITEKAIOMME U3 3THX ajJbTCPHATHBHBLIX runotes. Eciau
cIlpaBeAMMBa MHepBasl THNOTe3a, TO B F, MOMKHLI ObITH TOJLKO OBa THIA
PACTEHHH —C IJIAAKUMU KENAThIMU CEMEHAMM H ¢ MOPIMHHCTBIMH 3€JICHBIMH,
IpUYeM B COOTBETCTBHHM C 3aKOHOM pacIiCIUICHHs 3TH JBa THIIA PACTEHHH
JIOJDKHBI ObITh NIpeACTaBJieHbl B OTHOWICHUH 3 : 1. Ecliu ke cripaBeanuBa BTO-
past runotesa, TO CEMEHA HOJDKHBLI ObITh YETHLIPEX THIOB: TIAIKHAE XEJIThIS
(oBa MOMMHAHTHBIX MPU3HAKA), [JIaJKHE 3CJICHbIC (JOMHUHAHTHBIA U peuec-
CUBHBIH), MOPIIIMHUCTLIE XKENTbIE (PEIECCUBHBIM U TOMHHAHTHBIH) U MOPIIH-
HUCTBIC 3€JICHbIE (ABA PEUECCMBHBIX NpPH3HAKA). YHCICHHOCTH COOTBETCTBYIO-
[UX KJACCOB JOJDKHBI HAXOOUTLCS B cooTHomeHnn 9:3:3:1 (puc. 2.10).

Mengenb OOHapyXWI, yTO B MOKoJIeHHH F, NMpHCYTCTBYIOT 4Y€ThIpe TUIa
ceMsiH, a UMeHHO: 315 rmankux xentblx, 108 rmagkux sefieHblx, 101 Mopim-
HUCTOE XeNToe U 32 MOPIIMHUCTBIX 3€JIEHbIX. DTOT Pe3yJIbTaT HJOBOJILHO XO-
pOLIO cOBMAjgall ¢ MPEICKa3aHHbBIM HA OCHOBE BTOPOH I'MIOTE3bl OTHOIIE-
HueM 9:3:3:1, ¥ Menaenb npumien K 3aKIIOYEHUIO, YTO I'€Hbl, OIPEICIISIIO-
IIIMe pa3M4yHbIC IIPU3HAKH, NIEPENAIOTCI OT POAUTEIICH OTOMKAMH HE3aBHU-
cHUMO. (3aMeTHM, YTO PEe3YJIbTATHI 3TOTO OTBITA IOATBEPKIAIOT TAKXKE 3aKOH
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Puc. 2.10. He3zaBucumoe xomMGuuuposaunme. Pac-
TGHWS C TJAOKHMHU XEITBIMH CEeMEHaMH
(RRYY) ckpemiMBajii ¢ PacTEHHSMH, CeMeHa
KOTOPBIX OBUIH MOPIIHHHMCTBIMH H 3EJIEHLIMH
(rryy). B nokonennu F, pacTeHHs mMenM Tiaz-
ke xkeyiTeie ceMeHa (RrYy). V HHX BO3HHMKAOT
TaMeThl 4YETHIPEX THIIOB, YacTOTa KaXIOro €o-
crapisger 1/4. CiayvaliHoe COYE€TaHHE 4eThIPEX
THIIOB MYXCKHX M JKEHCKUX TameT daet B I,
IEBSATh pa3iMuHbIX TeHeTHdecknX Kiaccos. Cxe-
Ma 06pa30BaHHA PA3JIMYHBIX TUIIOB 3MULOT U3

4—1215

CCMSH

1 _ 1
/6 (rr yy) = /|6 MOPWHHHCTBIX U KeNThiX
CeMSAH ’

raMeT IpenacrasicHa Ha pucyHke. C ToYkH 3pe-
HHUSI BHELIHEro MPOSBJICHUS NPH3HAKOB M3 16
KJIETOYEK NEBATh COOTBETCTBYIOT TIAJKHM
JKEJITBIM [OPOIIMHAM, TPH—TIJAKUM 3€JIEHBIM,
TPH — MOPIIHMHHACTBIM KEJITHIM H OJHA — MOPILH-
HHUCTBIM 3¢JieHBIM. TakUM 00pa3oM, 3TH 4eThipe
THIA NOJIKHBI OBITh MPENCTABICHBI B OTHOMUIC-
HUH 9:3:3:1. V MeHnaens 4HCIO PacTEHHH co-
OTBETCTBYIOWINX THNOB cocTasysano 315, 108,
101 m 32, 4yTo XOpOmIO COOTBETCTBYET IIpe/ncKa-
3aHUAM THIIOTE3BL
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pACIIEILIEHUs, MTOCKOJIBKY OKHaaeMoe OoTHOIIEeHHe 3 :1 xopollo cobmonaet-
¢s Ui KaXoro OTAENbHO B3ATOro IpusHaka. B nmokonenun F, riaagkux ce-
MsH oOKazajoch 423, a MOPHIMHUCTBIX —133; COOTHOLLIEHHE KEJITBIX M 3€-
JIeHBIX cocTapuno 416 :140.)

TpurnOpugHbie cKpelIvuBaHUs

MeHnenb NpoBepsal 3aKOH HE3aBUCHMOTO KOMOHWHHPOBAHHS HA Pa3IMYHBIX
KOMOMHanMsx nap npusHakoB. OH NOATBEPIUI TAKXXE ITOT 3aKOH, MOCTABUB
OMIBIT MO CKPEIIMBAHHIO PACTEHWI, OT/IMYABIIUXCS CPA3y MO TpeM Mpu3Ha-
kaM. Takoe cKpemuBaHWC HA3BIBACTCS MpuubpuoHbim.

PaccmoTpHM, HapUMep, CKPEMIMBAHUE MEXY IByMs PacTCHHSIMH ropo-
Xa CO CIEAYIOMMMH MpH3HAKAMMU:

MarteprHCKOE pacTeHHe:
rnankue cemeda (RR)
xentble cemeHa (YY)
nypnypuasie nsetbl (CC)

OTuOBCKOE pacTeHHE:
MOPIIMHHCThIC ceMeHa (rr)
3elIeHble ceMeHa (yy)
6enbie MBETH (CC)

MaTtepHHCKOe pacTeHHEe mpoAyudpyeT rametbl tHna RYC, oTmoBckoe—ryc,
clegoBatenbHO, tHOpuabl F, 6yayT TpolHBIMH reTepo3UroTaMu MJIA TPHUrH-
OpugaMu, NpHHALICKANIMMH K TeHeTuyeckomy tuny RrYyCc. Benencteue
JOMHHAHTHOCTH CeMeHa y TaKHX pacTeHWH OyayT rMagKMMH H JKENThIMH,
a 1BeThI—NypnypHbIMA. Ecni Bce reHbl nepenaroTcs HE3aBHCUMO, TO B TpH-
rUGPUAHOM pacTeHHH oOpa3yeTcd BOCEMb THIOB rameT, NpHYeM BCe C pab-
HOW BeposAsTHOCTHIO (pHuc. 2.11).

Puc. 2.11. TameTsr,
obpasyromyecss y TPUTHU-
6pugHoit ocobu. B oT-
HOIICHHH Ka)/J0ro TeHa
BEPOSATHOCTh OJHOTO H3
JIBYX THIIOB TaMeET PaB-
ua 1/2. IIpu ogHOBpE-
MEHHOM DPaccCMOTpPEHHH
BCEX TPEX IeHOB BO3-
MOXHBI BOCEMb THIIOB
ramMer. Eciim Bce reHsl
HACIENYIOTCS HE3aBUCH-
MO, TO BEPOATHOCTh Ka-
KAOTO THUIIA TAMET CO-
CTaBJISET

(1/2)-(1/2)-(1/2) = 1/8.

1/2r
xf'&b
<& 1/8rYC 1/8rYc
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&
&P 1/8ryC  1/8ryc
e

& re_—_———— T -
7 4 A
v i // |
Ve ya / '
Ve 7/ / |
/2R :
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/
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1/2C 1/2¢
IMypmypHsie n1uGo Genbie UBETH!
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I'nagkHe XKelTble CEMEHa, TypIypHbI€ IIBEThI

MbinbueBrle 3epHa

[:: TpofiHsie ZOMHHAHTBI
. IlBofiHbIe JOMHHAHTBI

: JIOMHHAHTBI TI0 OTHOMY TIPH3HAKY

: Tpoiitibte peueccuBbl

VARRYY CC) + 3 (RRYY Cc) + % (RR Yy CC) + %, (Rr YY CC) + Y%, (RR Yy C) + THaNKYe KenThie cemena,
Y Rr YY Co) + Y,(Rr Yy CC) + ¥ (Rr Yy Cc) = 2%, nypryprie userst

VeRRYY cc) + %, (RR Yy co) + %4(Rr YY cc) + Y, (Rr Yy cc) = %4 Kpyromsie xenbic comerta, Geble wseTst
VesRR yy CCY + % (RR yy Co) + % y(Rryy CC) + ¥,(Rryy Cr) = %, Kpyrasie senensie cemera, mypryp. upers:
Velrr YY CC) + 2 (rr Yy CCY + Yy (rr YY Co) + Yu(rr Yy Co) = Y4 Mopuim. xentste cemena, mypryp. usetst

Ve RR yy cc) + 2, (Rr yy cc) = ¥4 Tnanxhe sencric cemena, Genmue upetsr

Yealrr YY c0) + Zulrr Yy o) = 3.1 Mopuums. xemrsre cemeHa, Gensie LBETH
Vea(rr yy CC) + You(rryy Co) = ¥4 Mopums. senensie cementa, fypryp. UBets:

Puc. 2.12. T'eHOTHIIBI, BO3HHKAIOIHE B [IOTOM-
CTBE TPUTHOPHIHBIX OCOGEH NPH MX CaMOOIbI-
JICHHH WJIH TNepekpecTHOM onblieHHU. Cyie-
CTBYIOT 64 KOMOHMHALUH BOCbMH OTIIOBCKHX

¥ BOCbMM MAaTEPHUHCKHUX TaMeT, HO COOTBET-
CTBYIOT OHHU JIMIIL 27 pa3MYHBIM TEHOTHIAM.
B paccMOTPEHHOM Ha CXeMe€ Ciyddae JOMHHHPO-

4*

Vealrryy cc) = You Mo?;uumcrme 3efIeHbIe ceMeHa, Gesbie
uBeTBl

BAaHUA 3TH 27 TEHOTHUIIOB COOTBETCTBYIOT BOCBH-
MH pasiudHbIM (eHoTHIIaM. B ombitax MeHne-
Ji TPUrHOpUIHBIE PACTEHHA MOTTH OBbITH IMOJY-
YeHBl B Pe3yNbTATE CKPEUIMBAHUS DPacTEHHH

€ I'MaJKUMH XENTHIMU CEMEHAMH M IypIYypHBI-
MM LBETAMH U PAcTEHMI ¢ MOPIMHUCTLIMH 3¢-
JIEHBIMH CEMEHaMH U OejIbIMH LBETAMHU.
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CrnydaiiHoe CITHSHUE TaMeT BOCbMH THIIOB OT ABYX pOAMTENei HpUBOAMUT
K BO3HHKHOBEHHIO 27 pa3/IMuHBLIX F€HETHYECKNX KJlaccoB (puc. 2.12). Bernen-
CTBHE NOMHHAHTHOCTH 3TUM 27 TeHETHYECKHM KJIaccaM COOTBETCTBYIOT BCe-
ro JIMIIL 8 THIIOB BHEIIHE Pa3IMYAIOIIMXCS PACTEHHH, NPEACTABICHHBIX
B CJCAYIOIIEM OTHOIIEHHMU (HAa3BaHHs [OMHHAHTHBIX HPHU3HAKOB BBIIEIICHBI
KHPHBIM  TIpUdTOM):

27 raajkHe KeJATbhie HypHypHbIe
rJajgKue xeJdrTble Oelble

rJIaj(kHe 3CJCHBIC HypHypHBbIE
MOPILIMHHCTBIC KeJIThbie MypHYpHbIe
rJaJKHe 3eIcHble OelTble
MOPILMHHCTHIE KeJATble Ocible
MOPIIIMHHCTBIC 3€JIeHble MypHypHbIe
MOPILMHHCTHIE 3€JICHbIE Oenble

— W W WD O \O

Teneps Mbl MoxeM chOpMyTHPOBATL HEKOTOPBIE OOIIHE MpaBUIIA OTHO-
CHUTEJIBHO NOTOMCTBA TMOPHIOB, MOJYYCHHBIX OT CKPEIIUMBaHus ocodeif, oT1-
JIMYAFOLIMXCS ONPENE/ICHHBIM 4HCIIOM TeHOB (Tabm 2.2). B obmeM ciyuae
KaXIblii HOBBLIH T'eH yBENMYMBAET YHCJIO THMIIOB DAa3JIMYHBIX TaMET BIBOE,
a YHCJIO TEHETHYECKUX KJIACCOB (2eHomunos) BTpoe. TakumM oGpa3oM, ocoOb,
reTEPO3MIOTHAA MO 1 IAPaM FEHOB, MOXET IIPOU3BeCTH 2" TUHOB ramer u 3"
pA3JIMYHBLIX TeHOTHIOB. YHCIIO BHEIHE pa3iHYaroUMXCs KJaccoB (gpenomu-
108) PaBHO YMCIly PAa3/IMYHBIX THIOB raMeT IpH HATHYHH JTOMHHHUPOBAHHSI
U YHCJy PA3JHYHBbIX T'CHOTHMIOB B OTCYTCTBHE IOMMHHPOBAHHS.

CyIlIecTBYET TAKXE HECHOXHAsA IIPOUEYpa, ¢ MOMOIIbIO KOTOPO# MOXHO
BBLIYHCIUTH YaCTOTY JAHHOTO I'€HOTHIA B IOTOMCTBE pOAMTeEsell, OTIHYArO-
LIIHXCsL OLPENEICHHBIM uiC]IOM HEe3aBUCHMO HaclenyembIx renos. [lig sToro
HaJ0 NOACYHUTATL BEPOSITHOCTH COOTBETCTBYIOLIEIO FEHOTHIA IS KaXIOH
nappl TEHOB OTAENbHO, 4 3aTE€M HEPEMHOXHMTL. JJOIycTHM, MBI XOTHM pac-
CYHTATh OXHMIAEMYIO 4acToTy reHoTtuna RryyCc B IOTOMCTBE OT CKpeLIUBa-
HUsA RrYycc x RrYyCc. BepossiTHOCTb FeHOTHIIa Rr B HOTOMCTBE OT CKpELIM-
Banus Rr x Rr paBHa !/,; BepOATHOCTb TEHOTHNA )}y B IOTOMCTBE OT
ckpemmBanus Yy x Yy paBHa !/,; HakoHeu, BeposTHOCTb reHotuna Cc B no-
TOMCTBe OT CKpeliMBaHus cc x Cc paBHa Takxke '/,. CleloBaTelbHO, Be-
poatHocTh reHotuna RryyCe coctabnseT (/) (*/4)-(1) = Y46

Tabauua 2.2. Yucio pasimMYHBIX THIOB ramMeT B F; M pasiMdHLIX T'€HOTHIIOB
p F, npm ckpemmBauuu ocoGell, rOMO3HIOTHBIX II0 IBYM pa3JHYHbIM aJUieiasM
OIPEAENIEHHOTO YUCIA TE€HOB

YHcno Yucno tunos Yucixo Hucno
reHOB raMeT [EHOTHIIOR denorunos’’
1 2 3 2
2 4 9 4
3 8 27 8
4 16 81 i6
n 2" 3" 2

1 TIpy DOMHHWDOBAHMH: B OTCYTCTBHE AOMHHWDOBAHHA HHCJIO DPa3iMuHbIX (EHOTHIOB
COBNIAMIAET € YHCJIOM TEHOTHOOB.
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MHOXeCTBEeHHbIE asljie/ln

pumeps! HacnenoBaHus MPU3HAKOB, KOTOPBIE OOCYXIAJIMCh OO CHX MOP
B 3TOM IJIaB€ U OCHOBBLIBANHCh Ha COOCTBEHHBIX OmblTax MeHaels, KacaroTces
JIByXannenbHbIX TeHOB. OQHAKO MHOTHE TeHbl MMEIOT HECKOJLKO aJlIeNeH
(MHOXECTBEHHBIH aJLIENU3M), XOTH KaXAbIH KOHKPETHBIH AUINIOUIHBIH opra-
HU3M MoXeT ObITb HocUTeleM He GoJiec ABYX asinelicH.

H3BecTtHO 60MB1I0E YUCIO MPUMEPOB MHOKECTBEHHOTO AJLICIH3MA; ¢ He-
KOTOPBLIMHM H3 HUX MbI emie OyaeM BcTpedaThes B 3TOH kKHUTe, OgHHM U3
IPHMEPOB MOXET CHYXKUTb CepHsl ajuleliell TeHa KPOJIMKA, ONPEACsAIoLIero
OKpAacKy Mexa; ueThipe U3 HUX MpHUBeacHbl B Tabl. 2.3. Annenb AHKOTO THIA
¢ JOMHMHAHTEH O OTHOHICHHIO K TPEM OCTAINLHBIM: KPOIIMKH, I'OMO3H-
rOTHBIE IO ¢ HIJIM TeTePO3MIOTHBIE Mo ¢ M JFobOMY IpyroMy ajmelro,
MMEIOT OOBIYHYIO JIJISl 3THX >KHBOTHBIX Cepyro (aryT) okpacky (HJIH OKpacKy

Tabauua 2.3. ['eHeTHIECKOE OIPEHEICHHE OKPACKH MEXa Y KPOJIMKOB

Anene Tenotnn deHOTHI
ct ctet, et et etet ctet Juxuit THIT
ch et Miprnmona
etk chet CreTJ10-cephIit
h cheh, et Tumanaiickuit
los c“c” ANb6HHOC

['umanaickui

Puc. 2.13. Yersipe (eHOTHNA, BO3HHKAIOIIAE MPH PAa3IUYHBIX KOMOHHAIHAX ajlie-
Jiell TeHa OKPAacKH MEXa KPOJIHKOB.
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CorBopoTka | AHTHTENA, TIpH Peakunsa 3pHTPOLMTOB Ha CBIBOPOTKY
KpoBu CYTCTBYIOWME
[ PyTINbI B CBIBOPOTKE

QOO
OOOC
900®
QOO0

Puc. 2.14. AHTHIeHHBIC PEAKIHH, HC- KpOBb 4eJIOBeKa ¢ rpymmnoi O He ar-
MONb3yeMBIE TIPH ONPENETCHUH TPyMIIbI TMOTHHUPYETCA HH OJHHM H3 YeThIPEX
kpoBu B cucteMe ABO. B kauectse Te- TUIIOB CBLIBOPOTKM, a KDOBb H€JIOBEKA
cTepa IPUMEHAIOTCS CHIBOPOTKM KDOBH TPYINbl A arTJIFOTHEUPYETCS CHIBOPOT-
KaXIoH U3 4eTwipex rpynn. Habmo- kamd rpynn O u B. Ha arrmo-
[AeTCA peaknus, mpoHcxoaAwas Mpu THHAUHIO YKa3bIBACT IIOSABICHHE XJIONb-
CMEIIICHHH KaIUIH KCCIIeNyeMOH KpOBM €B.

¢ npoOHbM pacTBopoM. Hampumep,

JMKOro THHa). ¥ 0cobeil, TOMO3HTOTHBIX 10 asljiesro cCh, MeX MO LBETY Ha-

NOMHHAET MEX MIMHIIWILIBI U HECKONBKO CBET/Iee AMKOro THIa. Y reTeposu-
rot no ayueisM ¢ u ¢ unma ¢ mMex cBeTno-cephlil (IPOMEXYTOUHBIH Mexny
HIMHINHJUIOBBIM M 6eIbiM); anuteiib ¢ NposBIseT, CIeN0BATENLHO, HENOIHOE
[OMHMHHMpPOBAHHME IO OTHOWICHHIO K annensM ¢ u ¢’ Tomosurotsl ¢’ ¢’ u re-
TEPO3UTOTHL ¢ ¢% —3TO KPOJMKM TAK HA3BIBAEMOro rdManaiickoro (peHoTHIa,
mex y Hux Oemwlil Bcroay, KpoMe Jiall, XBOCTA, VileH M KoH4YHMKa HOca. I'oMo-
3MTOTHI MO AJUIENIO ¢? MMEIOT TMIMYHO aibOMHOCHBIM (heHOTHI: GEJbId Mex
H po3oBhIe riasza (puc. 2.13).

HApyraM npuMepoM MHOXECTBEHHOTO ajljleJIM3Ma MOXET CIIyKHFb CHCTE-
ma rpynn kpoBu ABO, otkpwitas Kapmom Jlamamreiinepom (1868-1943)
B 1900 roay. I'pynnbl KpOBH BaXHO YYMTBIBATHL HpH 1Moa0OpEe NOHOPOB AJist
nepeiNMBaHus KpoBH, yTOOBI M30eXaTh CHHUIAHHS YPUTPOLMTOB AOHOPA NpH
MX MONAagaHUMHd B KPOBOTOK penulueHTa (puc. 2.14).

CyuiecTBYIOT 4eThIpe rpynnsl KpoBH cucTembl ABO: O, A, B u AB. Orn
onpene/soTes TpeMs ajeaamu oanoro reHa: I 2 w i Annema I u IP no-
MHHAHTHBI 10 OTHOLICHHIO K AJUIETIO i, HO KOJOMMHAHTHBI 110 OTHOMIICHHIO
ApyT K npyry. [Ipu Hamuqum Tpex areieil BO3MOXKHO MIeCTb FeHOTHIIOB; pe-
IeCCUBHOCTb | CBOOWT 4MCIO TPYNIN KPOBH K 4eThblpem (Tabi. 2.4).
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JNonoimenue 2.1. I'eHeTnieckne 0003HAYEHUA

Cuctema reHeTHYeCKuX 0003HAUYCHHI pasBu-
Bajach 0e3 TBepAblX 3apaHee YyCTaHO-
BIEHHBIX MPaBHJ, U 3TO 4YaCTO IPHBOIUIIO
Kk nyranune. [eHeTuku, pabortasBuime ¢ Ka-
KUM-TU00 OmpeAesiCHHbIM BUAOM OPraHM3-
MOB, MaJi0 3a00THIHChE O TOM, YTOOB IpH-
MeHsAeMble UMH 0003HAYEHHS COTNACcOBHIBa-
JMch ¢ OOO3HAYEHHUSMH, HCMOJIb3YEeMbIMH
TeHeTHKaMH, paboTarollMMH Ha JPYTHX
o0bekTax. Huxe onuchlBaroTcs NPHHIMIIEL,
KOTOPBIM Mbl 6y1eM CIENOBATE B 3TOH KHHUTE
npu 0O0O3HAYEHHU aJulelied U TEHOTHUIOB.

Ecnu u3BecTHB! JHUIL ABA aljIels Kako-
rO-TO TeHa, TO MNPHUHATO 0003HauaTh HAO-
MHMHAHTHBIH aJUieNlb KYPCHBHOW IPONHCHOH
O6ykBol maTHHCKOTO andaBUTa, a pemec-
CHBHBIA —cTpoyHOoH. Hanpumep, TtpH BO3-
MOXHBIX JHIJIOUAHBIX TeHOTUNA IJIS TaphI
annencit A 1 a obo3HauaroTcs kak A4, Aa
u aa. OgBako B cjy4yae HECKOJIbKHX aJuteseit
OIHOTO TreHAa KM KOIja H3BeCTHbl He3aBH-
CUMBIC MYTAalliH TeHA, MPUBOASIIHE K OQHO-
MY MYTaHTHOMY (peHOTHNY, OOBIYHO UCTIOIb-
3yroTcsl apyrue obosHaueHus. [Ins ob6o3Ha-
YEeHUst TeHa WA JO0Kyca HCHONb3YIOTCA
KYPCHBHBIE CTPOYHBIe OYKBBI (FUIM [pynmbl
OykB), a amiend 0603HA4AIOTCS HHIEKCOM,
noMelaeMbpIM crpaBa cBepxy. Hampumep,
OykBa ¢ MoxeT 0003Ha4aTh I'eH OKPACKH Me-
xa kposnka. Hopmansnbeid asiens wid an-
JIeflb NMKOro THHa (KOTOPBIA yacTto ObiBaeT
HauboJice NOMHMHAHTHBIM B CEpHH MHOXe-
CTBEHHBIX aJutenel) o0603HAYaeTCs CUMBO-
oM ¢t a Apyrue anngend—cHMBOIAMH C™,
&, ¢® u 1.1. Yacto obo3Hauenne ¢* cokpa-
AT OO 3HAKA «-+».

ITpu 0603HAYCHUN JUTUIONIHBIX T€HOTH-
MOB MBI OOBIMHO KUCHONB3YEM KOCYIO 4epTy,
4T0OBI MOKAa3aTh, YTO KAXIbIA U3 NBYX allie-
nel HaXOQUTCA B OJHOW U3 ABYX TOMOJIO-
THYHBIX XPOMOCOM, Hampumep c¢™/c* wm
¢*/+. YaoberBo Takoro oboszHadeHus 6o-
Jige OYEBHIHO NPH PACCMOTPEHHH HECKOJNb-
KAX TEHOB, pACIOJIOKEHHBIX B pPa3HbIX

JIOKycaX OgHOM XpoMocombl (cM. . 5). Ha-
IpUMED, pelleccMBHAs MyTanus scarlet(st)
B TOMO3UTOTHOM COCTOSIHMH (st/st) ompene-
JISeT IPKO-KPpacHBIH (asIblif) BET 1143 1p030-
¢hupl, TOrIA KaK JTOMHHAHTHBIA anjienb Ju-
xoro Thma stt oOyclnoBiMBaET TEMHO-
KpacHbYi mBeT rya3. PeneccuBHas myTanus
ebony(e¢) B rOMO3UrOTHOM COCTOSHWH (e/e)
omnpenesseT TEMHBIA IBeT Tela, a COOTBET-
CTBYIOIIMH JOMHHAHTHBIH alulesb JUKOTO
Thna e’ —xopuunesaTo-keiThI. COOTBET-
CTBYWIIME 1Ba JIOKyca  PAacloJIOXeHb
B OJIHOH XpOMOCOME, U BO3MOXHEI jiBa THOA
JBOMHBIX TeTECPO3MIOT, & HMEHHO st T e ™ /st
eu st e/st et. B nepBoM ciryuae roBOpAT,
4TO AJIC/IHN St 1 e HaXOAATCH B YUC-TI0JIOXE-
HHH (T. €. pacloIoXeHbl B OHOR U3 roMoJIo-
THYHBIX XpOMOCOM), 2 BO BTOPOM clly4ac—B
MPAHC-TIONOKEHUH (PACONIOXEHbBI B  pas-
JIUYHBIX TOMOJIOTHYHBIX XPOMOCOMaX).

W3penka MOryT UOpOHUCXOZUTH  OO-
MuHaHTHBbIC MyTauuu. Co4yeTaHus OYKB, 0060-
3HAYalomHe TAKHE MYyTaluM, 4YacTo Ha-
qyHaloT MNpondcHodl Oyksoi. Hanpumep,
MmyTandsa Bar, onpenensronias HoJOCKOBUA-
Hy0 (popMy r1a3 y apo30¢GHITbl, JOMMHAHT-
HA 10 OTHOLLIEHHUIO K COOTBETCTBYIOMIEMY aJl-
JIeJIF0 JHKOro Tuna, 0003HavyaeMoMy CHMBO-
aoM BT,

IIpu o6o3HaYeHUH allIelieH, onpenensto-
IIMX Y 4YeJjoBeKa TPyNmbl KPOBH CHCTEMBI
ABO, ucnonb3yetrcs HeoObIUHAS CMEIIIAHHAS
cucTeMa 0603Hauernit: cumBoist 14 u I8 co-
OTBETCTBYIOT KOJNOMMHAHTHBIM ajllejiaM, 4
OykBa i 0003HAYACT PEIECCHBHBIA aJLIeb,
B TOMO3MIOTHOM COCTOSIHMM ONpeACafAro-
umi rpynny xposu O,

OnucagHble Bblllle 0003HAUEHUs OpUMe-
HAIOTCY KaK Jand  TalUIOMAHBIX, Tak
H JIMIUIOMIHBIX TeHOTUIOB 3YKapHOTHYECKAX
oprann3MoB. (O003HauYCHUs, HMCNOJb3YEMbIe
B TeHeTHKe OaKTepHH, OCHOBaHBl Ha JAPYIHX
npaBuiiax, KOTOpble OYAYT U3JIOXKEHBI B [J1a-
Be 8.
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Taoauua 2.4. I'pynnsl kpoBd cuctemsl ABO Tabanua 2.5. Uxciio pas3igvHbIX TEHOTHIIOB
NpPH 33/JAHHOM YHCJIE aJuieseit
Annens Tenornn denotnn
(rpymma Annenn TenoTunml T'omo- letepo-
KpoBH) 3UTOTH JUTOTHI
" IAIA, i A 1 1 1 0
I B8 P B 2 3 2 1
"e AB 3 6 3 3
i i (¢} 4 10 4 6
5 15 5 10
n nn+1)2 n nin — 1)2

KonnuecTBO pa3aHyHBIX T¢HOTUIOB MPH MHOXECTBCHHOM aJlIeJIM3MeE 3a-
BHCHT OT uHMcia asinened. Ecnu amnenbs oaMH, 4, TO ¥ reHOTHNH OOMH, AA.
Ecsm ajiens nsa, A; 1 A,, TO BO3MOXHO TPM IFeHOTHIIA: IBA TUIIA TOMO3M-
ror A, A, u A, A, u rerepo3urotsl A, A,. ITpu Tpex amnensx A, A, u A,
BO3MOXHO IIeCTb TEHOTHIIOB: TPH THUIA romMo3urot A, A,, A, A, u Az A,
U TpHU THIA TeTepo3urot A, A,, A; A3 u A, A;. B obuiem ciyuae npu n anie-
JAX BO3MOXHO n(n+1)/2 TreHOTHNOB, H3 KOTOPBIX N—TOMO3UIOTHI,
a octanbuble n(n — 1)/2-rerepo3urorsr (Tabma. 2.5).

['enoTtun U eHOTHUII

B 1909 rony Bunbrensm Moranricen chopMynupoBall BAXHOE PA3IHUUE Me-
K1y (GeHoTHNOM H reHoTHnoM. MEHOTHI OpPraHM3Ma—3TO COBOKYHHOCTD
BHELIHUX [IPU3HAKOB, TEX, KOTOPbIE MBI MOXEM HaOMIOAATh: MOPQOIIOTHS,
¢dusnoorus U NoBeAcHHE. | EHOTHI —3TO HAacJeAyeMasl reHeTHYecKas opra-
au3anus. Ha mpoTspkeHMH XU3HM OpraHH3Ma ero (PEHOTHI MOXET H3Me-
HATbCS, TEHOTHUII e OCTAeTCS HEH3MEHHBIM.

O paszm4uuu Mexay (EeHOTHIOM M TeHOTHIIOM HYXHO BCErJa HOMHHTH,
NOCKOJIBKY COOTBETCTBUE MEXAY HUMH HE ofHoO3HauyHoe. ITpHyHHa 3TOrO CO-
CTOUT B TOM, 4TO (PEHOTHII IPEICTABISET COGOH PE3yNbTAT CHIOXKHOH CeTH
B3aUMOJICHCTBHI MeX Iy pa3jiHYHBIMH FeHAMH H MEXy FeHAMH H OKPYXalo-
e cpenou.

Boo6iie ropopst, HUKakue aBe 0coOM HEe 00J1aJa0T TOXKICCTBEHHBIMHU (e-
HOTMIAMM, XOTSI U MOTYT OBITb OJMHAKOBBIMH B OTHOIUCHHH OIHOTO HJIU He-
CKOJIBKHX PAacCMaTpHBaeMBbIx IpU3HAKOB. bojee Toro, ocobu, obnanaromme
ONMHAKOBBIMH (PEeHOTHIIAMH B OTHOLIEHHH KaKoro-jiubo mpu3Haka, He 00s13a-
TENBHO ONMHAKOBbl reHoTunHuecku. HanmpHMep, keJiTble TOPOMIMHBI MOTYT
OBITh KaK Y PACTEHHS, TOMO3UIOTHOTO MO AJUIENIIO «OKENITH3HBI», TAK U y Te-
TEPO3UTOTHI MO (CKEITOMY» H «3CJICHOMY» AJLIENsIM.

B npupone mmpoko pacnpocTpaHeHO IeHeTHUecKOe pa3Hoobpasue. 3a uc-
KJIIOYUEHHEM OJHOSHLEBBIX (MOHO3MIOTHBIX) ONMU3HEN OB, PA3BUBAIONIMXCS M3
OIHOW OMJIONOTBOPEHHON SHIEKNCTKH, HUKAKHE 1BA Pa3MHOXAIOIMXCS MO-
JIOBbIM IIyTEM OpPraHH3Ma HE MOTYT UMETh MOJHOCTHLIO TOXJICCTBEHHLIC re-
HOTHIIBI, XOTSI B OTHOWICHHH OTACJBHBIX ICHOB HX TCHOTHIBI MOIYT OBITH
UAEHTHIHBIMU (cM. 1. 22). C apyroii CTOpoHBI, B pe3ydbTaTe Oecrmosoro
Pa3MHOXEHUS TaHHOH OCOOH BO3HUKAIOT OPraHU3MbI, TCHETHYECKH TOXIeE-
CTBEHHBIE APYT APYry U cBoeMy poautesiro. OaHako gaxe OpraHusMbl € TO-
JKIECTBEHHBIMH T[CHOTUIIAMH BCJIEACTBHE PA3JHYUHA BO B3aMMOICHCTBUAX
¢ OKpYXaromei cpenoi Moryt objagath pa3inyHbIMU PeHoTHnamu. Hanpu-
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Puc. 2.15. Tpu napwl
ONHOARUEBLIX OJM3HEN OB
HECKOJILKO Da3iavvHON
BHCIIHOCTH.

MeEp, OQHOSHLEBBIE GIM3HELB! MOTYT PAa3IHYaThCHd BECOM, POCTOM H MPOAOII-
AHTCNHHOCTHIO XXH3HH; 3TH Pa3Iuis OTPAXArOT pa3IMudsl B YCIOBHSX MX
AM3HH (pHuc. 2.15 u Tabn. 2.6).

Xopormmmit npuMep BIUSHUS BHEIUHEH cpenbl HA (eHOTHN IpeAcTaBiieH HA
puc. 2.16. Tpu pacreruna naudatku (Potentilla glandulosa) Ovian oToB6pans
B Kanudopuun, oxno Ha Beicote 30 M Hag ypOBHEM MOpsi, BTOPOE—Ha BhI-
cote okosio 1400 M, a TpeThe—B 30HE AJIbIHMHCKUX JyroB B ropax Cheppa-
HeBana ma BblicoTe okosio 3000 M. Kaxnoe pacTeHue paspesald Ha TpH
4acTH, M KaXJIyr uacThb BBICAAMJIM OTHEIbHO B OJHOM H3 Tpex O0o-
TAHHYCCKHMX CAJ0OB, PACMOJIOKCHHBIX Ha pa3lMuuHOH BpicoTe. PacTenus
pa3neiid HA YacTH JIS TOro, YTOOBI ObLTa YBEPEHHOCTh B ICHETHUECKOH
MACHTUYHOCTH PACTEHMH, BHIPAIIMBACMBIX B PAa3MYHBLIX YCIOBHUSX.

CpaBrenric pacTeHHH B CTOJIOLAX MOKA3BIBAET, YTO OAMH H TOT XK€ ICHO-
TMIH B PA3JMYHBIX YCJIOBHSX OIpenenseT palIudHele (GeHoTHnmbl. TH
pPa3nnuhsl OTHOCSTCSI HE TOBKO K BHEIIHHM MOP(OIOrMYeCKMM MpH3HAKAM,
HO H K TUIOAOBHTOCTH, CKOPOCTH pocTa H T.1. CpaBHEHHE pacTCHHMH B ropu-
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Taéamua 2.6. KonkopgaHTHOCT ¥ AHCKOPHAHTHOCTD (B %) HEKOTOPHLIX 3a00JICBaHMM
y onHosiineBbix 6musHen0B. (KoHkopaaHTHOCTH —3aboseBanue 060ux GJIM3HEIOB

npud 3a00NEBAaHHM OJHOTO U3 HHX)

3aboneBanue Uncno obene- KoHKOPIaHTHOCTD JHCKOPIAHTHOCTD
: JOBAaHHBIX TIAp
Kops 189 95 5
Cxapnatana 31 64 36
Tybepkynes 190 74 26
HexoTtopele THMBL
onyxonei 62 58 42
Juabet 63 84 16
Crnaboymue 126 I 9

YepeHKH pacTeHHH U3

JlanHa

Martepa

CraH-

dopna
YepeHkH,
BBIPALILCHo CraHdoprae
HBIC B: (30 m)

Puc. 2.16. Biusuue reHoTHna M cpenbl
Ha (peHOTUIL. YacTH Tpex pacTeHHit
Potentilla grandulosa, Bpipociiux Ha
Pa3IMMHOH BBICOTE HaJ YPOBHEM MOPH,
KYJIbTHBHPOBAJIH B TPEX Pa3JIMMHBIX
H6otaHH4YecKHX cagaX. PacTeHus B ropu-
30HTAJIBHBIX PAJAaX TEHETHYSCKM TOXIE-
CTBEHHBI, [TOCKOJIbKY OHM BBIPOCIIH U3
qacTed OJHOTO M TOTrO XK€ PACTECHUA.
Pactenus B BepTHKanbHBIX cTONONAX
TEHETHYECKH pa3jindHbl, HO BBIPAIIHBA-

IMTorubnu
Marepe Tum6bepnanue
(1380 M) (3000 M)

JIKCh B OJUHAKOBBLIX YCNOBHAX. I'eHeTn-
YECKM TOXJECTBCHHBIE pacTeHus (Ha-
npuMEp, NPEICTABICHHbIE B HHKHEM
psady) MOTYT TpPOLBETAThL WM MOruMbaTth
B 3aBHCHMOCTH OT BHELIHHX YCJIOBHH.
I'eneTnveckn pasnndHble pacTeHUs (Ha-
npUMep, NPEACTABICHHBIC B JIEBOM
cTonbue) Moryt obiangaTe COBEPIICHHO
pa3iMYHBIMH (DEHOTHIIAMH, HECMOTPS
Ha TO YTO BBIPAIMBAIOTCS OHU B CO-
BEPIICHHO OJWHAKOBBLIX YCIIOBHSX.
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V xynuieHHbIe Hopmaiibubie ViydiieHHbIe
yCII0BUs yCJI0BHUSA YCHAOBHUSA

Puc. 2.17. Pe3ynabTaTsl OnbiTa ¢ ABYMS
JHHUAMH Kpbic. Kpbicel nepBoit nnHuK
OTOMpAJUCh Ha «CO0OPa3UTEIHLHOCTHY,
BTOpas JIMHUS IPEACTaBICHA CaAMbIMHU
«rIyneIME» kpbicaMH. Korzma kpbic
obeux JNuHUB coaepkaiu B TeX Xe yc-
JIOBUSIX, B KOTOPBIX TPOHCXOIHI OTGOD
(T.e. B «HOPMAaJbHBIX» YCIOBHSAX), TO

OIIMOOK MEHBIIE, Y€M HX (IJIYNbIE» CO-
poam . OAHAaKO Korxa KphICHl BBIPA-
WMBATHCh B HEOMATONPHUATHHIX YCIIO-
BUAX, TO IPENCTABHTEIH OOCHX JTHHHI
COBEpIIATH TIPH NPOXOXAeHUH Jabu-
PMHTA OfMHAKOBOE YHCJIO OMMMOOK.
Tlpr BHIpaNIMBAaHHM KPHIC B KOM-
(hOPTHBIX YCIOBHAX YUCIO OMIMGOK ObI-

«YMHBIS» KPBICHI IIpH IIPOXOXICHUHU Jia- JIO MIOYTH OJWHAKOBBIM.

OUpUHTa Jelamu NpHMEpPHO Ha 45

30HTAJILHBIX PAIaX MOKA3bIBACT, YTO NMPH (GHKCHPOBAHHBIX BHEIIHHX YCJIO-
BUsX I'€HETHYeCKHE pa3IMyMA BJIEKYT 3a coboi denHoTunudeckue. Y13 sToro
OmbITa CJIEAYET BAXHBIA BHIBOJ: HE CYWECTBYET CIHHCTBEHHOIO I'€HOTHINA,
HauayvIlero npu Jrobeix yciaosusx. Hanpumep, pacteHue, B3sTO€ MOYTH C
YPOBHsI MODsi, TA¢ OHO MPOIBETAJIO0, 0KA3aJ0Ch HECIOCOOHBIM CYIIECTBOBATh
Ha BbIcoTe 3000 M, a pacTeHHe, B3sTOE€ C STOH BBICOTHI, 1€ OHO TaKXe UyBCT-
BOBAJIO ¢eOs NMPEeKpacHO, BOJHM3U OT YPOBHS MOPS 4aXJIo.
B3aumopelicTBie MeXay I¢HOTHIOM M CpenoH MIUTIOCTPHUPYETCS TakKxke
pe3yabTaTaMH JKCICpUMEHTA, NPEACTABICHHPIMU Ha pHc. 2.17. BrLiH BbIBe-
JICHbI ABE JIMHMH KpBIC: OBICTpee BCEX HAXONMBIIHNE BBHIXOH H3 jJabupuHTa
¥ MelUleHHee BceX. B kaxjoMm TOKONeHMH OTOHpaMCh CaMble «YMHBIE)
1 camble «ruynbiey» KpbIchl. IIOTOMCTBO KaXIbIX COCTABIIANO CIEAYIONIES MO-
KoJIeHHEe, B KOTOpOM 0TOOop mpoBoauiicad TakuM ke obpazom. [Tocse MHOTHX
HNOKOJICHHH 0TGOpa «YMHBIE» KPBICHI P HPOXOXICHUU JTAOHPUHTA COBEp-
many Jmimb okono 120 onmbok, Torga Kak «riynble» —B cpeqdeM no 165
omn60ok, ONHAKO 3TH Pa3IMYMs IPKO MPOABISNNUCH JIUIUL KOTAA KPHIC BBIpa-
IIUBAJH B OOBLIMHBIX YCJOBHSX. Pa3miuus MOJHOCTHIO UCUE3ANHM, €CJIM KPBIC
BbIpamUBaiu B KpaidHe HeOJaronpHATHBIX YCIOBHAX, U HOYTH CriIaXXuBa-
JINCh, KOI[a JKUBOTHBIX COAEPXajd, Ha000POT, B BHICINEH CTENEHH KOM-
(GOPTHBIX YCJIOBUSX H C TOYKHM 3peHHUs OOECNEUECHHOCTH NHILNEH, H B APYTUX
oTHOUIeHUsX. Kak ¥ B ciayyae ¢ pacTeHHsIMH JIAMYATKH, Mbl BUIUM, 4TO, BO-
NEpBbIX, JAHHBIA F€HOTHN B pa3JIUYHBIX YCJIOBHUSIX NPHBOIUT K (HOpMHpOBa-
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HUIO PA3JIMYHbIX (GEHOTUIIOB M, BO-BTODPBIX, GEHOTUIIWYECKHE DPA3JIUYUS Me-
KIY ABYMS T€HOTHIIAMH MEHSAIOTCS B 3aBUCHMOCTH OT YCJIOBHI: TEHOTHI,
BLITONHBLIH B OOHUX YCIIOBHSIX, MOXET HEe oOKa3aTbCcd TakKUM B [pYIHX.

Paznuunble B3aMMOIEHCTBUS ¢ OKpyXaroleH cpenoi HpUBOLSAT K TOMY,
4yTo (eHOTHD OCOOM He OIpenenseTcs OMHO3HAYHO €ro reHOTHHOM. [e-
HOTHII OIpenesseT CKopee CHEKTP BO3MOXHBIX (EHOTHIIOB; 3TO (DEeHOTH-
IHYECKOe pa3HooOpa3rie Has3bIBACTICS HOpMoli peakyuu reHoTHra. Kaxkoi
UMEHHO (GeHOTHII chopMHUpyeTCs IpH JAHHOM Te€HOTHIIE, 3aBHCHT OT YCJIO-
BHUii, B KOTOPBIX IPOUCXOAUT pa3putue. [To 3TON mpHuKMHE HOJIHAS HOpPMA pe-
aKIUU JT000ro reHOTHIIA BCEria OCTAeTCsl HEM3BEeCTHOW, MOCKONbKY Ofpeie-
JICHHE TaKOW HOpPMBI PEakIUU IIoApa3yMeBalo Obl oOlpeleseHHEe pa3Hooopa-
3Us (HEHOTHIIOB, KOTOPOE MOXHO MOJYUYHTh M3 JAHHOTO TEHOTHIA MPH BCeX
BO3MOXHBIX BapHaHTaX YCJIOBHH pa3BHUTHS, a YHCIO TAKUX BapuaHTOB (ak-
TUYeCKH OECKOHEYHO.
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Peueccusrocth
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Tpurubpunaoe ckpelnpaHye
deroTrn

3ameuanue: METOHN XHU-KBAApAaT ONHCAH
B Ipunoxenun 1I: Teopus BepOATHOCTH
M CTAaTHCTHKA.

2.1. MeHnenb YyCTAaHOBUJI, YTO IA3YIIHOE

ITOJIOXKCHUEC UBCTOB —IIPU3HAK JOMUHAH THBIN
110 OTHOIIUCHHUIO K UX BEPXYUICUHOMY IIOJIO-
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s)keHuro. O603HaYMM aJUIeSIb Na3yIHOro No-
JoxeHus A, a BepxymreuHoro-—a. KakoBbl
TUIIBI U COOTHOWICHHSI TaMeT U IOTOMCTBa
B KaXJOM H3 CHEAYIOIMUX CKPENUBAHHIA:
AA x aa, AA x Aa, Aa x aa, Aa x Aa?

2.2. T'eHeTHK, paboTarommii ¢ MOPCKUMHU
CBUHKAMHM,  TIOCTABIJI IBA CKPEIMBAHHUS Me-
Ky UepHOH 0cO0bI0 U aTHOHHOCOM, HCIIONb-
3ysl B 3TUX CKPEIIMBAHHMAX Pa3INuHBIX XKH-
BOTHBIX. B MOTOMCTBE IEPBOro CKpEIH-
BaHUSl OKa3aJdoch 12 4YepHBLIX MOPCKHX
CBUHOK, a BTOPOro—6 4epHbix U 5 annbu-
HocoB. KakoBbl BO3MOXHBIE T€HOTHIIBI PO-
JUTENeH B KaXIOM CKpenuBaHuu ?

23. ¥V naByx caMOK MOpCKO#H CBUH-
Ku: aip0HHOCAa M TOMO3UTOTHI IO YEpHOMH
OKpAacKke —XUPYypPrUYeCKUM IIyTeM ObLIH Ie-
pecaxeHbl SHUuHHKA. Ilocnme cKpenMBaHHUs
€ caMIOM-aJILOMHOCOM Y CaMKH-aJIbOUHO-
ca pomHJHMCh IBa 4YEepHBIX AereHbima, Co-
[JIACYETCs JIM 3TOT PE3YNbTAT C TEOPUEH
nanrede3a? C MeHAeneBCKod TeopHel Ha-
CJIEICTBCHHOCTH ?

2.4. JIByX uepHBIX CAMOK KPBICHI CKPEIIIHU-
BaJld ¢ KOPUYHEBBIM camroM. bruto nony4e-
HO TI0 HECKOJIbKY IOMETOB OT KaxJI0H CaMKH.
TloTtoMcTBO nepBo# caMKH cCocTaBisian 36
YepHbIX O0cOOeH, NOTOMCTBO BTOpOH—14
4epHBIX U 10 kopuuHeBhIX. KakoB Bepos THBIH
MEXaHH3M HacJleI0BAHUs] YEPHOH U KOPU4HE-
BOM OKpack# y Kpbic? KakoBbl FeHOTHIIBI PO-
nutenei ? 171 mpoBePKU BallIMX THIIOTE3 MC-
HOJIb3YHTE METOJ Xu-KBaapart.

2.5. TeHeTHK TNPOHU3BENT CAMOOIBLICHHE
y IIECTH 3€JIEHbIX PACTEHUH ONpeneIeHHON
JMHMM KyKYpy3bl H ITOJYYCHHBIC 3¢pHA Ka-
KIOr0 pacTeHUs npopacTHi. B moromctse
KaXA0ro pacTeHHs OKa3anuchb 3eNeHble
U agsOMHOCHBIE (JIMINEHHBIE XJIOpo(huna)
pacTeHHs B CJIEAYIOIIEH NPOMOPIHH:

.Homep 3eneHoe benoe
pOOUTENS HOTOMCTBO HOTOMCTBO
1 38 11

2 26 11

3 42 12

4 30 9

5 36 14

6 48 12

KakoB BEpOATHBIH MeXaHU3M HaclleqOBaHHUS
almOuHEM3Ma Yy KYKypy3el? KakoBbl reHo-
THIIBI POAUTEIbCKUX pacTennit? Wemons3yi-
TE METOJI XM-KBAAPAT, HPOBEPss Ballly THIIO-

ol

Te3y IPUMEHHTENBHO K KaX/IOMY POIUTEb-
CKOMY PacTECHHIO.

e  2.6. PacTeHus KyKypy3bl TOH Xe JHHUHY,
YTO U B YCIOBHSX NMPeAbIAYIIEH 320441, OTIbI-
JISUTH TIBUTBLIOH pacTeHWH Apyroi JuHuu. M3
HOJYYEHHBIX CeMsH BheIpocad 20 3eleHbIX
u 10 6emmix pacteHuil. Kakomy pacienie-
HHIO COOTBETCTBYET ITOT pe3yabtat, 3:1
unu 1 :1? Kakos BeposITHBIH TEHOTHI OTI[OB-
CKOTO pacTeHHs?

2.7.Y Kyp po30oBUOHBIH rpebeHn—
NpU3HAK, JOMHHAHTHLIH 00 OTHOWICHHIO
K npoctoMy rpebHro. Pepmep noxaraer,
49TO HEKOTOPBIE H3 €0 Kyp-BUAHIOTOB ¢ PO-
30BHIHBbIM TPEOHEM HBJISIOTCS HOCHTEs-
MU ajuielis npoctoro rpebus. Kak o mo-
JKET YCTAHOBUTL, KAKHE H3 Kyp TeTEpO3H-
TOTHBI?

2.8. CymecTByeT 3aboneBanue, Ipu Ko-
TOpOM B Bo3pacte Mexay 10 u 20 rogamu Ha-
4MHAETCs [OCTENEeHHass  aTpodus  1u-
CTAIBHBIX OTHEJOB MBI HOr. W3yuenue
POIOCIOBHBIX [10KA3bIBAET, YTO BO BCEX CIY-
qasgx Toi ke 00Je3HBI0 cTpagan OIUH U3 po-
qutesneit 6onpHOro, Kakos BeposiTHIH Mexa-
HU3M Haclie/loBaHHsl 3TOro 3abosieBaHusi?

2.9. CymectByer ewe OGosee TsKenas
dbopma Toro xe 3aboneBanus. dta dopma
oOHapy)XUBaeTCs MOYTH HUCKIFOYHTENbHO
y JeTeil, POOUTEN KOTOPbIX SBJISINCD
JIBOIOPOJIHBIMH OpaTOM U CECTPOH U CaMH He
CcTpagayu ot 3Toro 3aboneBanus. Kak Hace-
AyeTrcs 9TOT THN MBIUEYHOH AaTpoduH?

e 2.10. Myxu4nHa ¢ Tpynnoi KpoBH A xe-
HUJICS HA XCHIMHE C Ipynnod kposd B, u
y HUX poauiics pebeHok ¢ rpynnoit kposu O.
Kakosul renoTuns! Bcex Tpex ? Kaxue emre re-
HOTHIBI ¥ ¢ KAKHMHU 4aCTOTAMH MOXHO OXH-
1aTb ‘B MOTOMCTBE OT Takux OpakoB?

2.11. B tabuune 2.1 npeacTaBIeHO YHUCIIO
NOTOMKOB PAa3/JIMYHOTO THNA, HOJIYYECHHBIX
B KaXJIOM H3 CEMHU IIPOoBOaUBIINXCA MeH1e-
JieM onbiToB B nokosieHuM F,. Mcnosmays
METOJ XU-KBaApaT, HOPOBEPLTE B KaXXIOM
cjyyae, COOTBETCTBYIOT JIM IIPUBEICHHBIE
YJiCJIa THNOTE3€ O PACIUEIICHHH B OTHOLIE-
HUM 3:1.

o  2.12. Y MOpCKHMX CBUHOK aJLIE/Ib YE€PHOH

OKpacKd B JOMMHAaHTEH N0 OTHOUICHHIO
K aJuiero aTpOuHu3Ma b, a ainenb rpy6o-
ILIEPCTHOCTH R TOMHHAHTEH IO OTHOIICHHEO
K aJUICJIIO TJIaJKOWEPCTHOCTH *. I'eHbl R M
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B uezaBucumbl. KakoBbl 6yayT pe3ynbTaThl
CKpEIMBAHHI MEXIy TOMO3MIOTOH MO re-
HaMm 4YepHOH OKpacku U rpybolrepcTHOCTH
C TIAAKOIIEPCTHBIM KHBOTHBIM-aJILOMHO-
comBF,?B F,? A ckpeumsanus mexnay F,
U TIaAKOMIEPCTHBIM pPOAUTENIEeM-aJIbOMHO-
com?

2.13. Yepryto rpyOoIIEpCTHYIO MOp-
CKYIO CBHHKY CKpellMBajgM ¢ rpy6omepct-
HBIM aJTbOMHOCOM (CM. yCIOBUE TpeablayLIeH
3anau). B notomctBe okasaiock 13 4epHbIX
rpyOomepcTHBIX, 16 rpy0OorepcTHbIX albon-
HOCOB, 6 uepHBIX IJIaAKOMEPCTHRIX U 5 riaa-
KOIIEPCTHHIX anbOuHOcoB. Omnpenenure re-
HOTHIIBI poaMTeiici M TNpoBepbTe Ballly
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THIIOTE3Y, HUCIOJIb3ysl METOoa XH-KBagpar.
2.14. V Drosophila melanogaster cyue-
CTBYET PELECCUBHBIA aJlelb, MPUBOIALIAN
K pa3BHUTHIO KOPOTKHUX PyAHMMEHTAPHBIX
KpbLIbEB  0g; COOTBETCTBYIOUIMH  JO-
MHHAHTHBIH annens (vg*) obycmopmmBaer
dbopmupoBaHUe HOPMAbHBLIX  KPBLIbEB.
B apyrom reHHOM JIOKYCe CYIIECTBYET pelec-
CHBHBIHM aJlie]ib S¢, BBI3bIBAIOILMH aJIbli 1BET
rJIa3; COOTBETCTBYIOLIMH NOMHUHAHTHBIA aJi-
nenb (st ) oTBeYaET HOPMANLHOMY KPACHO-
My uBetTy. IlosyueHHOE B Tpex pa3nH4YHBIX
OnbITax NOTOMCTBO ONKMcaHo Huxe. Onpene-
JIATE T€HOTHUNBbI POAMTENEH, UCHOb3YS IJIs
NpPOBEPKH THIIOTE3 METO XH-KBaJIpaT.

®enoTun moTroMcTBa

JluHHEBIE JlnuHHbIE KopoTtkne KopoTkne
DeHOTHT! poaMTEeH KPHBLTIBS, KpBUIBA, KDBIJIbA, KpBLJIbS,
KpaCHbIC rja3a aJiple¢ Tna3a KpacCHpIC rjia3a aJible Tna3a
1. \MuHHBIE KPbLIbA, KpacHbIE
r1a3a X KOPOTKHE KPbLibA,
aible Tla3a 178 164 142 140
2. JITMHHBIE KPBUIbS KpPacHbIE
rna3’a X JJIUHHBIE KPbLIbA,
KpacHbIE T1a3a 364 0 107 0
3. JInMHHBIE KPbLIbS, KpPacHbIE
rna3’a X JJTHHHbIE KPBLIbS
KpacHple Tia3a 309 107 95 29

2.15. V¥V KyHXyTa OJHMHapHBIH MJIOA—
NPU3HAK, TOMMHAHTHBIH 110 OTHOLUEHHIO K
TPOHHOMY, a HOpPMAaJIbHBIH (I1aAKHii) TUCT —
OpHU3HAK, AOMHHAHTHLIH 1O OTHOLICHUIO

K MOpIIMHUCTOMY JiMcTy. O6a mpu3Haka Ha-
clienyroTcs He3aBUCHMO. KakoBbl TeéHOTHUIIBI
ponuteneil B KaXaoM H3 NOSTH TEPEuUC-
JICHHBIX HHXE OMNBITOB?

®eHoTun noromMcraa

OnnHa pHBIH,

@ . 2
CHOTHI PORHTENCH HOPMaJtbHbIH

O nuHa pHBIH,
MOPIUMHACTbIH

Tpottao#,
HOPMaJIbHBIH

TpotltHoi,
MOPILIHHACTBIH

OnuHapHLIH, HOPMaIBHBIH X 362

X TPOHHOH, HOPMaJIbHbIH
OuHapHbIH, HOPMATBHBIA X 211
X TPOHHOH, MOPIIWHHCTHIA
OnUHAPHBIA, MOPHIIUHUCTBIH X 78
X TPOWHOM, HOpMaJbHbBIH
OpHHApPHBIA, HOPMAJBHBIA X 318
X TPOHHOH, HOpMaJILHBIN
OauUHApHBIA, HOPMAJBHBIH X 110
X OJHHAPHBIH, MOPIIMHUCTbIH

118 0 0
0 205 0
90 84 88
98 323 104
113 33 38
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2.16. KakoBO 4HCIIO pa3JIMYHBIX THIIOB
rameT, reHOTHIIOB U (EHOTHIIOB B NMOTOM-
CTBE CAMOOIBLIAIONIErOCs PACTEHHS, TE€TEPO-
AUCOTHOIO TO TPEM, ISATH H CEMH DPA3Jvy-
HbIM JTOMWHAHTHBIM Te€Ham?

2.17. PacTenune, TE€TEPO3IUTOTHOE IO
YeThIPEM HE3aBUCHMO HACIEAYEMBIM Napam
renoB (AaBbCcDd), camoonbuigercs. Onpe-
JIeTHTE 0XKH1aeMBble YACTOTHI CIIEAYIOIIHX T'e-
HOTHIIOB B TIOTOMCTBE 3TOrO PpACTEHHS:
1) aabbccdd, 2) aabbeeDd, 3) AaBbCceDd.

2.18. ¥V oxHOTO U3 BHAOB Ap030dIIILI H3-
BECTHO CeMb ajUleliell IeHa, KOAMPYIOLIEro
depment ¢ocdartazy. Kakoro uwucmo pas-
JIMYHBIX T€HOTHIIOB IO 3TOMY TreHy?

2.19. Kakywo 100 BCEX BO3MOXKHBIN Te-
HOTHIOB COCTaBJISIIOT TOMO3BHIOTHL, KOTAa
YHCJIO pAa3JIMYHBIX aJUlelied JAHHOIO TIeHa
pasao Tpem? Ilsatu? Cemu?

2.20. CxpemmBanu KpbiC qUKOTO (heHo-
THIA (aryTH, [N1aKHe, TEMHOTIA3bIe, C HEOC-
nabaeHHOH OKpAacKod) ¢ YEepHBLIMH, TAT-
HHCTBIMM, KPACHOTJIA3BIMH KPbICAMM, HMEIO-
IMMHA ocabiIeHHY 0 OKkpacky. B nokonenuu
F, Bce KpBICHI MMEJIH OKPACKy IUKOTO THUIA.
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Nx ckpemmBai¥ C 4ePHBIMH, NSITHUCTBIMH,
pyOHHOBOITIA3bIMH KPBICAMH, OKpAacKd KO-
TOpBIX ociabiena. Belno moxydeno cienyro-
mee MOTOMCTBO (€CITH IPH3HAK HE 0003Ha-
YeH, 3TO O03HA4YaeT, 4YTO OH OTHOCHTCH
K JHKOMY THIYy):

Okpacka JUKOTO THIA 41
UepHbie 50
ATyTH, IATHHCTHIE 29
Py6unoBorma3ele, 4epHBIEC 38
AryTtu ocnabnennas 36
UepHas ocnabneHHas 29
IIaTHuCTBIE, aryTH ocnabneHuas 33
IIsaTHUCTHIE, yepHasd ociabnenHas 34
Py6GunoBornasbie, aryti ociabieHHas 39
PyGunoBorIasbie, 4epHasi OCiabicHHAS 34
ITatHucTHIE, PyOHHOBOTTIA3bIE, ATYTH 35
TIsTHHCTHIE, PyOHMHOBOINIA3bIE, YEPHBIC 32
IIstHUCTHIE, pyOHHOBOIJIa3kble, aryTH

oclabneHHasn 25
ITsaTHHCTHIE, KpPAaCHOITIA3HIE,

4yepHasi ocIabJICHHAs 30

OO6®bscaute pesynbTarthl. B kakux mpomop-
musax OyayT mpencTaslieHbl 3TH (GEHOTHNBI
B TOTOMCTBE OT ckpermBaHus F; x F?



XPOMOCOMHBIE
OCHOBBI
HacJIeACTBEHHOCTHU

I'eHbl 1 XpOMOCOMBI

Besikmii pa3, Kora BBIACHAETCH, YTO JBE, Ka3aJ0Ch Obl, pa3Hble 0OnacTH Ha-
YKH Ha CaMOM [€JI¢ B3aHMOCBS3aHBI, (GaxkThl, HAKOIUICHHBIE B KaXIOH H3
HHMX, MOXHO HCIIOJIb30BaTh ISl OOBACHEHHS fBJICHHUH, W3y9aeMBIX B IPYroi
obmactu. Taxoll noaxon, Kak mpaBwIO, IPHHOCHT ycrex. IMeHHO 3TO B mpo-
H30IILIO, KOrjJa ObLIO MOKA3aHO, YTO MEH/EeJIEBCKask T€HETHKA H IPOIECCH
MHTO3a W Meio3a cBs3aHbl Mexay coboit. B 1902 r. nBa ucciemosatens —
BaneTtep CatroH B CHIA u Teomop Bosepn B I'epMaHHd —He3aBHCHMO ApPYT
OT Apyra MpPEeAnoJOXHUIH, YTO TEHbI PACNOJIONKEeHbl B XPOMOCOMAaxX, H 3Ta
HJiesl MOJIOKATIA HAYATIO XPOMOCOMHOU MeOpul HACAeOCMEeHHOCMU. ApryMeH-
TOM B NOJb3Y TAakOTrO NPCANONOXKCHHS ObUT mapajulelii3M B IOBEICHHH
B Ipolieccax Meifo3a U OMIOJOTBOPEHHS XPOMOCOM, C OJHOH CTOPOHBI, H Te-
HOB—C Apyroi. CyluecTBOBaHHe ABYX ajulesiell JAHHOIO NMPU3HAKA, OJUH U3
KOTODBIX HACIEAyeTCs OT OJHOTO DPOJWTENA, a APYroi—OT BTOPOrO, CO-
OTBETCTBYET CYIHECTBOBAHMIO JBYX XPOMOCOM, KaXJasl H3 KOTOPBIX NPHXO-
JUT OT OJHOTO W3 poauTelNedl. [IBa alnens kaxkgoro NMpH3HAKa Pacxogarcs
npd GOPMHPOBAHMH I'aMET, [IOCKOJILKY FOMOJIOTHYHBIE XPOMOCOMBI KaXIOH
Hapbl NONAAAlOT B IIpollecce Meio3a B pasubie raMmersl (puc. 3.1). Hekxo-
TOpBIE TeHbI, ONPEACIIAIONIUE PA3THIHBIC PH3HAKY, HACIEAYIOTCd H KOMbH-
HHUPYIOTCS HE3aBHCHMO, IOCKOJIBKY OHH PAcHOJIOKEHbI B HETOMOJIOTHYHBIX
XpOMOCOMaX, & 3TH XPOMOCOMBI KOMOHHHPYIOTCS B TaMETaX HE3aBHCHMO OT
TOTO, OT KaKOro W3 pojuTeiedl OHM ObLIM moyyueHbl (pHuc. 3.2).
[Mapajuienn3M B NOBEICHHH T€HOB H XPOMOCOM B IIpollecce 00pa3oBaHud
raMeT W OIUIOAOTBOPEHHH YOEAWTENIBHO CBHAETEILCTBOBAJ B HOJB3Y Mpea-
MOJIOKEHHS, YTO TeHbl PACMOJIOKEHbl B xpoMocomax. Eme Oonee HeoTpa-
3UMBIM JOKa3aTeJbCTBOM CHPABEAIMBOCTH XPOMOCOMHON TEODHH HACIEN-
CTBEHHOCTH CTaJIO OOHAPYXeHHE B3AMMOCBS3H MEXY KOHKPETHBIMHM [€HAMU
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Puc. 3.1. XpoMocoMmuas
OCHOBA 3aKOHa paclle-
wiennss Mengens. Ipu-
MEp HJLTIOCTPUPYET
CKpEUIMBAaHUE PACTRHUH
C IIAIKMMHM H MOPILH-
HUCTBIMH CEMCHAaMM.
H306paxeHsl TONbKO
IIB€ TIAPBI XpPOMOCOM,

B ONHOH H3 ITHX map
HaXOJQHTCA ICH, OTBET-
CTBEHHBIH 3a dopMy ce-
MsH. Y pacTeHuil ¢
IIaJKkMMK CEMEHaMu
Mei03 HPUBOIHT K
obpa3zoBaHMI0 ramer

C aJUIeJIEM TJIAJKOCTH
(R), a y pacTeHui

C MOPIUMHUCTBIMH CEME-
HaMHU —TaMeT C ajuieeM
MOpIIMHHCTOCTH (r). -
OpHapl IEPBOTO HOKOJIE-
Hus F, uMeloT ommy
XPOMOCOMY € aJUICIEM
IJIaAKOCTH H OJHY—C
aJulesieM MOPLUUHHCTO-
ctu. Meiios B F, mpu-
BOIHT K oDOpa3oBaHMIO
B PaBHOM YHUCIIE IaMeT
¢ R u ¢ r. Cny4aitHoe
nonapHoe OOBLEIMHEHHE
9THX TaMeT HNPH OIJIO-
IOTBOPCHUH TIPHBOAMT
B nokoneHuu F, k no-
ABJIEHUIO ocobell ¢
TJIAJKMUMH H MOPILH-
HHCTBIMH TOPOLIMHAMH
B OTHOIIEHHH 3 :1.

Kpyribie ceMeHa

MopiIMHHCTbIE CeMeHa

Moxoneune P

Tametnt

TMoxoneuue F,

ME103 |

Mertacdasza |
R r

Metacaza Il

lamertni: 1/2 R,

1y2r f R k}

AfueKneTKH TIbUTBLEBBIC 3€PHA

MNokoneuwue F,
RR

I'mapxue
Rr
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Tlokonenue F

Meracdaza I

Y X Y Meradasa 11 Y Xy
R r,%, ‘ R%
/) \f sr/ \ [\
7 ¥ Y r y R
g}R <) (LY Awo b @ %or gi’

1/4yr

1/4 Yr 1/4 yR

Tametnl

Puc. 3.2. 3akoH He3aBHCMMOIO KOMOHWHMPOBa-
HHUS KaK CJIE[CTBHE HE3aBHCHMOIO PACXOXIECHHSA
HETOMOJIOTHYHBIX XPOMOCOM B Meiioze. Ckpe-
IIMBAHME PACTEHHH, OTJIMYAOIIHXCH HO (opme
U UBETY CEMSH (TTIaAKHE XENThie X 3eJICHBbIE
MODINUHUCTLIE), HaeT TMOpHIHBIE PACTCHUS,

y KOTOpbIX B XPOMOCOMAaX OJHOHW TOMOJIOTHY-
HOH Hapsl comepXaTcs aJulend R W r, a apy-
rof TOMONOTMYHOH mapsl—ajuleny Y H y.

B meradasze 1 melioza XxpoOMOCOMBI, NOJIY-
YeHHbIE OT KaXJOro H3 POOUTENIeH, MOryT

C PaBHOH BEPOATHOCTBIO OTXOAHTHL JHGO

H KOHKDETHBIMH XPOMOCOMAaMH.

K OZHOMY H TOMY Xe IIOJIFOCY BEPETEHA (JIeBBIH
PHUCYHOK), JIHOO K pa3HbIM (HpaBbIi PHCYHOK).

B mepeoM cnydyae BOZHMKAIOT T'aMeETH, COmEP-
Kamue Te Xe KoMmOuHauuu remos (YR u yr),
4YTO M Yy POIOUTENICH, BO BTOPOM Cllydae—alib-
TEPHATHBHBIE coueTaHHs reHoe (¥r u yR). B pe-
3yJIbLTaTe C BEPOATHOCTLIO 1/4 obpasyroTcs
4eThIpe THUIa raMeT, clyyaiiHas KoMOuWHanus
9THX TUIOB HPHBOMUT K DPACIICILICHMIO HOTOM-
crBa 9:3:3:1, kax 3T0 M Habmoganocs MeH-
it YR

CyilecTBOBaHHE TaKOW CBA3H ObLIO

BIEPBBIE NPOACMOHCTPHPOBAHO B ONBITAX, NOCTaBIeHHBIX HobenmesckuM
maypeatoM TomacomM XaHTOM Mopranom B 1910 rony W ero CTyleHTOM
u corpyanukoMm KamseuHoM Bpuaxecom B 1916 romy. OTH SKCIEPUMEHTHI
6bin miponenansl HA Drosophila melanogaster —MmaneHbKOR XeaTOBATO-KO-
PUYHEBOH IIOTOBOH MYIIKE, CKOILUIEHHS KOTOPOH MOXHO BHIETh JIETOM
" paHHell OCeHbIO BOKPYr OmaBlIMXx H mnpenblx ¢pyktoB (puc. 3.3 u 3.4).



3. Xpomocomubie OCHOgbL HACAEOCMBEHHOCMU _ 67

Puc. 3.3. Ilnogosas my-
wxa Drosophila me-
lanogaster pa3MHOXaeT-
Csl, TIMTasCh OHABIINMH
(dbpykTaMu ¥ mOpoaykra-
MU OPOIHIIBHBIX [PO-
HW3BOACTB. DTO MeENKOe
HaceKOMOE [JIMHOHA
OKOJIO IBYX MHJLTUME-
TPOB U BECOM OKOJIO
OIHOTO MHILTArpaMMa
C KEJITOBATO-KOPHYI-
HEBHIM TEJIOM U
KPacHBIMU IJIa3aMH.
Odpozotuna—odeH» pac-
OPOCTPAHEHHBIH H
yHOOHBITE OOBEKT reHe-
THYECKUX MCCIIEAOBAHUH,
HOCKOJIbKY BpeMS TeHe-
pauMH y 3THUX MyX
Oo4YeHb MaJo (OKOJIO
NBYX HENENb), a YUCIIEH-
HOCTh TIOTOMCTBA BEJIH-
Ka (HECKOJIbKO COTEH OT
KaX/I0TO CKPeIlMBaHKA).
JApo3odunel jgerko pas-
BOAATCS B Jabopa-
TOPHBIX YCIJIOBHSX.

Puc. 3.4. XpomocoMsl
Drosophila melanogaster.
XpOMOCOMEBI TIEPBOH
mapel MMEIT OJMHAKO-
BYXO MODP(HONOTHIO

y CaMOK M pasHyro—y
caMIoB: X-XpOMo-
COMBI — TEJIONEH TPHYE-
ckue, Y-xpoMocoMa —
AKPOLICHTpHYECKAS ;
BTOpasi U TPEThS XPO-
MOCOMbI — METALIEHTPHKH ;
4eTBEpTass XpoMOCOMa
O4YeHb MaJia.

Alduo
JlnunHKa nepsoro

BO3pacTa

JlnyMHKa BTOPOTO
BO3pacTa

JIuyuuka ﬁ

JInuiHKa TpeTbero
BO3pacTa

Bapocibifi cament B3pocnas camxa

Camkn CaMubr
11 111

HacnenoBaHue, clielJIEHHOE C MOJIOM

Kak u mMHOrHe Opyrue Bellnkue HAYYHBIE CBEpIUeHHs, OTKpbITHS Moprana
1 Bpuakeca ObUlM cIaeinaHbl B NPOLECCE AHANM3Aa OTKIIOHEHHH OT OXH-
JAaeMbIX pe3ysibTaToB. Mopran HCHONB30BAT AJIS CBOMX ONBITOB JIMHHIO D.

5%
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Puc. 3.5. Cuennendoe ¢ monoM Haciemosanue y Drosophila melanogaster. Cxperu-
BaIOTCH KPaCHOIJa3as camka M Oeioryasslii caMell; CHMBOJIKI w' M w o6o3Ha-
4ajoT aJUIEJIM KPACHOINIAa30CTH H GEenoriaa3ocTH COOTBETCTBEHHO.

melanogaster ¢ SenbiMu, a He ¢ OOBIMHBIMH KPACHBIMH Tiia3amu. JIuaus pas-
BOAMIACh B YHCTOTE: MOTOMCTBO Oeloriasbix MyX Takxke O6buto Oeto-
rnaszbiM. OpHAKO, KOrga Oeorja3bIXx MYX CKPEIIHBAM ¢ KPACHOTIA3bIMH,
COOTHOIIEHHE TEX M IPYIHX B MOTOMCTBE HE COIJIACOBBIBAJIOCH C MCHICIICB-
CKHMH 3aKOHaAMH HAacrIenoBaHHA.

Ecnu kpacHoria3biMy GbLM caMkH, a OejIoriiaseiMu caMusl (puc. 3.5), T0O
B F, Bce MyXm MMeiu kpacHble IJIa3a, YTO COOTBETCTBYET THIOTE3E O [0-
MWHAHTHOCTH 3TOTO npusHaka. IIpu ckpemuBanun Mexay coboit myx u3 F,
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Puc. 3.6. CuennienHoe ¢ nonom HacnemoBauue y Drosophila melanogaster. Cxpenu-
BaloTCs Genorjiazas caMKa M KpacHOTJIasbli caMen. Pe3ynbTaThl 3TOTO Cckpemnisa-
HHA OTJIMYHH OT PE3YJIbTATOB PEIHIIPOKHOIO CKPEIUMBAHHMSA, MPEACTABICHHBIX Ha
puc. 3.5.

TPpH YETBEPTH NOTOMCTBA B F, ObLIO KpacHOrnaselM, a OqHA YeTBEpPTH — Oc-
JIOTTIA30H, T.€. © B 3TOM CJIy4ae pe3yIbTAThl, Ka3aJ10Ch Obl, OATBEPXIAIOT
NIpeanoIoKEeHe O JOMMHAHTHOCTY TIpH3HAaKa «KpacHbie riasza». Baxuo, on-
HaKo, uTo B F, eéce camku 6vlau KpacHozaa3vlmu, moz0a Kak cpedu camyos no-
NM06UHA UMeAA KPACHbIE 24434, A NOA0BUHA —Oeable. ITO HE COBNATANO C IPEX-
CKa3aHHSIMMY, CICAYIOIMMHI H3 MEHIENIEBCKHX 3aKOHOB HACICICTBEHHOCTH.
HeoxuaaHHBIMH OKa3alIiCh M PE3yJIbTATH CKPEIIMBAHUSA Mexay coboi myx
u3 F,. Bce camirbl pa3BOOUIINCE B YACTOTE: KPACHOITA3bIE CAMIILI ObLITH HO-
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CHTEJISIMH JIMLIb [€HOB KPAaCHOIIa30CTH, Oeoriassle — ML reHoB Oeoria-
soctd, Camkd w3 F, Obln ABYX THIOB: MOTOMCTBO ONHMX OBLIO HCKIIO-
YHTEILHO KPACHOTJIA3BIM, TOTA KaK B HOTOMCTBE APYIrHX HOJIOBHHA CaMIIOB
HMeia KpacHble IJia3a, a TOJIOBHHA —Oeltble.

Ilpu ckpemmpaHuu Oe€I0riaspiX caMOK € KpacHOTTIA3bIMH CaMLaM¥ pe-
3yJAbpTaThl ObUIH ApyruMH (puc. 3.6). He Bce nOTOMCTBO OT Takoro CKpelllH-
Banus B F, ObL10 KpacHOIIa3bIM, KaK CIEAOBAIO ObI OXHAATH HA OCHOBE 3a-
KOHOB MeHmens, Ucxoas M3 JOMHHHPOBAHMS NPH3HAKA «KPACHBIC [JIA3a».
HanpoTns, mHile NOJIOBUHY NOTOMCTBA COCTABISIM MYXH ¢ TAKHMH rjasa-
MH, TOTAA KaK BTOpas MOJIOBUHA HMena Oenble riiasza; KpoMe TOro, Bce Kpac-
HOTJIa3ble MyXd ObLTM camkaMu, a Oenormasbie —caMnamn. IIpu mx ckperm-
BaHMM Mexay co0oii B F, IOTOMCTBO COCTOSIO HalONOBMHY (2 He Ha
4eTBepTh!) M3 OeI0rIasbIx MyX M HAamOJIOBHHY M3 KpaCHOIIA3BIX, TIPHYEM
B paBHOM 4HcJie Y OOOHX TIOJIOB.

MopraH mokasaj, YTO BCE 3TH pE3YyIbTATHI MOXHO OOBSICHHTH, €CIH
TIPEATNIONIOKNTD, YTO, BO-TIEPBBIX, T€H, ONpPEACHAIOIIMN LBET a3, pacnono-
XEH B IOJIOBOH XpoMocoMe (X-XpOMOCOME) H, BO-BTOPBIX, YTO NOJIOBas Xpo-
MocomMa caMioB (Y-XpoMOcOMa) HE COAEpPXHT 3T0T red. Kak oTrmeuanocs
B Il 1, XpoMocoMbl 06pazytor napsl. OgHAKO XpOMOCOMBI OJHOH M3 Hap
y CaMOK W CAMIIOB pa3]IMYHbI; 3TH XPOMOCOMBI CBSI3aHBI C TE€HETHYECKHM
onpenenenneM nona. Kierkn camMox apozoduisl comepxar no ase X-xpo-
MOCOMBI, & KJIETKH CaMIIOB —Be pa3Hble XpomMocoMbl, X H Y (puc. 3.4). Cam-
KM NOJIy4aroT N0 OgHOH X-XpOMOCOME OT OTHa M OT MAaTepH M NEpPEeaaoT
cBOM X-XpOMOCOMBI KaK JOYEpsM, TAK H CHIHOBBIM. CaMIlbl X€ MOJIyvaroT
X-XpoOMOCOMY OT MaTepu ¥ MEpeAaloT e¢ JHMIIb gouepsm (puc. 3.5 u 3.6).
COOTBETCTBEHHO NPH3HAKH, ONpeaesieMble T€HAMH, PACHOJIOKECHHBIMEH B X-
XPOMOCOME, HACTIEAYIOTCS «KPECT-HAKPECT»: CAMIIBI IEPEJAIOT 3TH IPU3HAKH
BHYKaM JIHIIbL Yepe3 [odepeif, HO He 4epe3 ChIHOBEIL.

Mopran npuilen K 3aKTIOYEHHIO, YTO O€blif IBET a3 y APO30QHIbI —
3TO APU3HAK, CYENACHHBI C NOAOM; IPYTHMH CIIOBAMH, T€H, ONpEREAIOIINM
3TOT MPHU3HAK, pACHOJOXEH B X-Xxpomocome. OOHApYKEHHOE B 3THX ONIBITaX
COOTBETCTBUE MEXAY NOBEICHHEM KOHKPETHOTO reéHa M KOHKPETHOH XpOMo-
COMBI, XOpOILIO BHOHOH HA MHKPOCKOINHMYECKHX Npenaparax, HOCIYXHIO Be-
CKHM [IOKa3aTEJIbCTBOM CIPABENJIMBOCTH XPOMOCOMHOH TEOpHH HACIE-
cTBeHHOCTH. OKOHYATENILHO 3TA TeopHs Obula gokazaHa Bpumxecom IIECTh
JET CIYyCTS.

HepacxoxgeHue X-XpoMOCOM

Kak mokazan Mopras, npd ckpemmpaHun O€JIOrNIAa3bIX CAMOK IPO30¢HIIBI
C KpacHOIJIa3bIMH CaMIIaMH [OYEPH OKa3bIBAIOTCS KPACHOIJIA3BIMH, & Cbl-
HOBBA —OeoriasbiMu  (puc. 3.6). OpgHako W u3 3TOTO mnpaBwia ObIBAIOT,
OKa3bIBaeTCs, peAKkde MCKItoueHus. [IpuMepHO y OHON M3 ABYX ThICAY MYX
B F, OT Takoro ckpemmsanus I[BET a3 OKa3bIBAETCS MPOTHBOMOJIOXKHBIM:
6€IBIM y CAMOK M KPacHBIM Y caMiioB. Bpuaxec MPeAnooxKuI, 4TO MOsIBIie-
HHE DPEIKHX MYX BO3MOXHO TIpH Hepacxoxcoenuu X-XpOMOCOM; APYTHMH
CIOBaMH, B TEX CJIy4asix, Korga X-XpOMOCOMBI He pacxoasitcs B MeHoze
K pa3HbIM MOJIIOCAM, 2 HAIPABISIOTCS BMECTE K OXHOMY M3 IIOJIOCOB, B pe-
3ynbTaTe Yero oOpasyloTcs SAIEKIETKH ¢ ABYMs X-XpOMOCOMaMHM H siife-
KneTkn 6e3 X-xpomocom (puc. 3.7).
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Puc. 3.7. Ilepeuunoe Hepacxoxaenne X-xpoMocoM y Drosophila melanogaster.
B neBoif uacTu pHCYHKA /Ui CPaBHEHHS W300paxkeHB! pe3ynbTaTsl NPABHIILHOTO

PaACXOXIACHHUA,
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Ecm y 6emornazoif Myxu obpa3syercs sifliekiaeTka ¢ AByMS X-XpOMOCO-
MaMH U 3Ta SHAINEKIETKA OILIOROTBOPSETCS CHEPMHEM, COAEPXANMM Y -Xpo-
MOCOMY, TO 0Opa3zoBaBInasicsl 3UroTa UMeeT aBe X-XpOMOCOMBI H OgHY Y-
XpoMocomy, HpmieM 00e X-XpOMOCOMBI comepXaT TeH OelbIX Tias.
Bpuakec IPEANOIOKII, 4TO Oeloriia3zble CAMKH B HOTOMCTBE OT CKpEILHBa-
HHUS MEX/1y KPACHOTJIA3bIMH CamiiaMu u OeJIoria3bIMH CAMKaMH Pa3BHBAIOT-
1 MMEHHO H3 TakuxX 3uror. Korga Xe sifiiexieTka, HE COAEpXKAIlas HH
ogHOH X-XPOMOCOMEI, OIIOJOTBOPSETCH CIEPMHEM KPAaCHOIIA30T0 CaMila,
HecyluM X-XpOMOCOMY, TO B 3UrOTE OKa3bIBaeTCd OQHA X-XpOMOCOMa, He-
cylliasi reH KpacHBIX TJ1d3, 2 Y-XpPOMOCOMEI HET BOBce. Bpmmxec mpennoso-
XHJI, 4TO M3 TAaKMX 3HrOT DPA3BHBAIOTCS KpacHOriasele camilel. Jlpyrumu
croBaMH, runoTe3a bpumkeca cocTosuia B TOM, YTO MOSIBJISIFOIINECS € 4acTo-
Toit 1:2000 Genoryiasele caMKi MOJIY4arOT MO ABe X-XPOMOCOMBI OT MaTepd
(1 Y-xpOMOCOMy OT OTIIA), @ TaKHE XK€ PEIKHe KPACHOTJA3ble CaMIbl MOy~
Yar0T JHIIb OJHY OTHOBCKYH X-XpOMOCOMYy (M, CJICIOBATENHLHO, BOBCE M-
LIEHBI Y -XpOMOCOMEI).

TI'mnoteza Bpugxkeca OblTa yMO3PUTENBHOM, HO TONYyCKaia IKCICPHMEH-
TaJIbHYI0 NPOBEPKY MYTEM H3Y4CHHS] XPOMOCOMHBIX HAOOpPOB MYyX, IpeacTa-
BIIIOIIMX CODOM mcKIIOYeHHe M3 oOmiero mnpasuia. ITpsmele HabOmoneHus
HOKA3aJH, YTO B KJETKaX «HCKIIOYMTEIBHBIX» O€Ioria3blx caMoOK OeHCTBH-
TENBHO COAEPXHUTCHS MO ABE X-XPOMOCOMBI H MO OJHOH Y-XpOMOCOME,
a KJIETKH «MCKJIFOUATEILHBIX» KPacHOIJIA3bIX CAMIIOB HMEIOT MO OoAHo# X-
XpOMOCOME, TOrAa Kak Y-XpoOMOCOMAa Yy HHX OTCYTCTBYeT BoBce. Takmm
00pa3oM, ObUIO MOKA3aHO, YTO KOHKPETHBIH IeH BHE BCSAKHX Pa3yMHBIX CO-
MHEHHH JOKaIu30BaH B KOHKPETHOM XPOMOCOME.

BTOopuuHOEe HepacxoXaceHHE

Camibl  1po30¢uabl, JHINEHHBIE Y-XPOMOCOMBI, BHEIIHE HOPMAJIBHBI, HO
crepuibHbL. CaMkH ¢ AByMsI X-XpOMOCOMAaMH H OJHOH Y-XpOMOCOMOH HOp-
MaNbHbl M ILIOJOBHTHL. BpHaxec ckpemmBai Takux caMok (XXY) ¢ Hop-
MaIbHBIMHM KpacHorIa3biMi caMuaMi (XY). On oOHapyXuI, 410 OKOmIO 4%
CaMOK B NMOTOMCTBE OT TaKHX CKpPEIMBAHHIM MMeIOT Oeible rasa, a OKOJIO
4%, caMIl0B—KpacHBIE Ia3a; ocTalbHble 967, NOTOMCTBA COCTABIAIN Kpac-
HOTJIa3ble cCaMKu M Oestorasbie caMmilbl. Bpumpkec MpeanoaoXui, 4To 3TH 4%
COCTABJIIIOT CAMKH M CAMIIBI, BOZHHKAIOINE CHOBA B PE3YyIbTATE HEPACXO-
xJeHnsi X-XpOMOCOM B MeHo3e y camok. OH Ha3Ball Takoe HEpPaCXOXICHHE
6MOPUYHBIM, TIOCKOJIBKY OHO NMPOHCXOIHT B IIOTOMCTBE CAMOK, HOSIBUBIIMAXCS
B pE3YJIBTATE HepeuuH0o20 HEpacxoXacHus X-XpomMocoM (d moToMy o6ja-
JAKIIKX ABYMs X-XpoMOcoMaMH 4 oJHoH Y-xpomocomoif) (puc. 3.8). Bro-
pHYHOE HEPACXOXACHHE MPOUCXOAUT C YACTOTOH 0K0JO 1 :25, T. €. IpuMepHO
B 100 pa3 uaiue, 4em mepsBuyHOe Hepacxoxaehnue (1 :2000).
Hepacxoxjienue MOxeT ObITh CHEACTBHEM (H3NYECKOTO CHEMIEHHs X-
XpOMOCOM, B TAKOM CJIy4a€ HepacxoxAcHHe uMeeT MecTo B 1009, ciyuaes
(3TO sBIEHHME OBLIO OTKPBLITO B 1922 roay Jimmman Mopran, xenoi Tomaca
Moprana) (puc. 3.9). Xenreiid user tena y Drosophila melanogaster onpene-
JIIETCA CHEILTCHHBIM ¢ OJIOM ajutesieM yellow (y), pelleCCHBHBIM 1O OTHOILIE-
MO K axnemo gukoro THma (y *). IseT Tema y apo3odun, roMO3HTrOTHBIX
[0 3TOMY aJLIENII0, MHOTO CBETJICE HOPMAJILHOTO. MopraH oOHapyXHIIa Cy-
IIIECTBOBAHME XEJITHIX CAMOK, KOTOPbIE IIPH CKPEIIMBAHHHE ¢ HOPMAJbHBIMH
caMIlaMH JaBaJid B IOTOMCTBE JIMINb XEITHIX AOYEPEd M HOPMAJbHBIX CbI-
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Puc. 3.8. BropuuHoe HepacxoxgeHne X-xpoMmo-
coM Drosophila melanogaster. bpumxec npeano-
JIOXKHNI, 4TO MeHO3 y caMOK ¢ nByMs X-XpOMO-
COMaMH H O/IHOH Y-XPOMOCOMOH MPOMCXOAUT
ABOAKO: B HEPBOM Ciyyac X-XPOMOCOMBI pac-
XOAATCA K pa3HbIM IIOJIOCAM H K OIJHOMY H3
HHX OTXOHMT Takke Y-xpoMmocoma (92%), Bo
BTOPOM city4ae 06e X-XpOMOCOMBI OTXOIAT

K OHHOMY IIOJIIOCY, a Y-XpoMocOMa—X npyro-

My; 3TO MPOMCXOAMT B 8%, cilydaeB, HO TOJBKO
[OJIOBHHA 3MTOT, OO0Pa30BABLINXCA IIPH y4aCTHH
TaKMX raMeT, CiocoGHAa K HOPMAJILHOMY pa3BH-
THIO, TAK YTO YHKCJIO COOTBETCTBYIOIHX «HC-
KJIIOYHTEIBHBIX?» MYX COCTaBJISCT OKOJO 4%
Csoro runotesy bpumxec moarTBepausl npsMbl-
MH HaOJNIOAEHMSIMM XPOMOCOMHHEIX MpEnapaToB
PA3JIMYHBIX THIIOB MYX.
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Puc. 3.9. Hepacxoxnenne X-xpoMocoM BCIe[l-
CTBHE HX CUCIUICHHOCTH. X-XpPOMOCOMBI H306pa-
KEHBI UBCTHHIMH, Y-XpPOMOCOMBI — GeJIbIMH.

VY kenaThIX caMoOK € Takod OBOHMHOM X-XxpoMo-
COMOii sfinekNieTkH OBIBaIOT TOJBKO IBYX TH-
OB, MOCKOJIBKY cueniieHue X-XpoMOoCOM coxpa-
HSETCA BO BpeMs MeHo3a, U B pe3ysibTaTe OHM
BMECTE OTXOAST K OJHOMY M3 norocos. ITpu
ONJIOJOTBOPEHHH CIEPMHAMH ¢ X-XPOMOCOMOI
9TH AHNEKJICTKH [aloT 3HTOTHI C TpeMs X-Xpo-

MOCOMaMHM, KOTOpble OOBbIMHO HOTHOAIOT, M 3H-
rotel ¢ ogqHod X- W ogHOH Y-XpPOMOCOMOI#, Kak
y oObuuBIX camioB. Korza te ke mgsa Tuna
AHIEKIETOK OILIOJOTBOPSIOTCS CIEPMHUSAMH C Y-
XPOMOCOMOM, TO BO3HHKAIOT 3HIOTHI C IBYMS
CHCIUIEHHBIMH X-XPOMOCOMaMH H OnHOH Y-xpo-
MOCOMO# H HEXH3HECIIOCOOHBIE 3UTOTHI C IBY-
Ms Y-XpOMOCOMaMH M HE MMEIOLUME HH OJHOH
X-XpOMOCOMBIL

HOBEH, a He HOPMAaJbHBIX J0Yepedl H KENTHIX ChIHOBEH, KaK IOJABIIIOIIEE
60IbMHCTBO. XenThle CAMKH COXPaHAH 3Ty O0COOEHHOCTH CBOUX MaTepei:
HX TIOTOMCTBO TAKX€e COCTABJISIIH JIMIID XENThbIe JOYEPH H HOPMAJIbHBIE Chbl-
HOBbS. LluTOJIOrMYECKHH aHaIM3 MOKAa3al, YTO KJIETKH TaKUX CAMOK COOEp-
XAt 1o ABe X-XpOMOCOMBI, COeTMHEHHBIX OJHOH LIEHTPOMEPOH, U IO OJHOH
Y-xpomocome.

HepacxoxmeHde XpoMOCOM BCTpedaeTcs HE TONBKO Y Apo30(dHiI, HO H
y APYTHX BUAOB. Y 4e€iI0BeKka, HAMpuMep (cM. I 21), HepacXoXIeHue B MeH-
03¢ XPOMOCOM [BaAlaTh TIEPBOM Tapbl NPUBOIUT K POXIEHHIO OETEH, KIIET-
KH KOTODBIX COAECPXAT 1Mo TPH 21-X XPOMOCOMBL DTO BiedeT 3a coboil pas-
JIMYHBIE OTKJIOHEHHS OT HOPMAJBHOT'O DPa3BUTHS, HA3BIBAEMBIE CHHIPOMOM
Hayua. HepacxoxAeHHe TOJOBBIX XPOMOCOM y 4€JIOBEKA NPHBOOUT K Hapy-
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[IIEHUAM Pa3BUTHs, Ha3eiBaeMbiM cunapoMoM KnaitHdenbtepa. Knetku Ta-
KHMX JIOJEH colepXaT 1o ABe X-XpOMOCOMBI B 10 0JHOH Y-xpomocome. He-
PacXOXICHHST XPOMOCOM CIIY4YalOTCsl TAKXe U B MHTO3€.

CuenJieHHOE ¢ I10JIOM HacJeI0BaHUeE
y 4UeJIOBeKa U ApYrux BHUIOB

Mexanu3M CUENJICHHOTO € IOJIOM HAClIeNOBAHHWS, ONHMCAHHBIM BBINE IS
Ip0o30HIILI, XapaKTEPEH TAKXKE [JIA BCEX XHBOTHBIX H PACTEHHI, ¥ KOTOPBIX
MYXKCKOH TOJI ABIAETCA reTeporametHbIM. Camibl HAsbIBAIOTCH 2eMu3U-
20MHubIMU TIO TEHAM, PACTIOJIOXEHHBIM B X-XpOMOCOME, HOCKOJIBKY B OTHO-
[IEHMH ITHX [€HOB OHM HE SBJIAIOTCS HH FOMO-, HA TE€TEPO3UTOTHBIMH. ¥ Ue-
JIOBeKa H3BECTHO OKoJIO 150 mpH3HAKOB, CHEIUIEHHBIX ¢ NOJOM. XapakTep
HACIIEJOBAHUA OAHOH U3 (HOPM MANBTOHH3MA —OT MATEPH K €€ ChIHOBBIM —
M3BECTEH yXe cOTHH JieT. B 1911 rogy DamMyHn Buibcon ykazanm Ha TO, 4TO
BCE M3BECTHBIC (DaKThl HACICAOBAHHS HAJbTOHH3MA MOXHO OOBSCHHTD,
OPEANOJIOKHB, YTO NAJLTOHH3M OHPEACIIACTCS PEHECCHBHBIM CLEILICHHBIM
C IOJIOM aJlieNieM, a MYXKCKOH mox y mogeid rereporamereH (puc. 3.10).

JpyrdaM npaMepOM CHEIJIEHHOTO € MOJIOM IIPH3HAKA Y YETOBEKA MOXET
CIYXHTb reMouIusd — TshKeoe 3aboJeBaHue, 1Sl KOTOPOTO XapaKTEpHa He-
CIOCOGHOCTh KPOBH CBEPTBIBATHCSA. Y HOPMAJBHBIX Tioaeit nipu HeOOoMbIIOM

HopmaneHoe 3peHue Hanbronnsm HanbToHK3M HopmaneHoe 3peHne

g

XY
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>
>

XX XX XY XY XX XX XY XY
Puc. 3.10. Hacnenosanue onHo# u3 ¢opm HH3Ma BCEM CBOHMM JIOYEPSM, M 4Yepe3 HUX OH
JanbTOHM3MA y Jroned. Bce ChIHOBBS XKEH- HaclenyeTcst TIoJIOBMHOM chiHopel. (LlBeT rias
LMHBI-1a)IbTOHHKA — JATbTOHUKH, BCE €€ J04e- MpH 3TOM, KOHEYHO, HE MIPacT POJIH; HA pU-
pH —HOCHTEJH (IeTepO3UIOThI) T€HA NallbTOHMU3- CYHKe HEOKDAIICHHOCTb PajgyXHOH 06onodku

Ma. Myx4YHHa-maJbTOHHK TE€PeHacT reH AaJIbTO- 03Ha4aeT JAaJbTOHU3IM.)
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Oi

Koponera Buxropus

—0 ©

@pupnpux I, IMpuHuecca InyapaVII, [puuuecca | Jiomeur,  Anbépen, Ilpusuecca Ilpunuecca
ummeparop Buxropua xopomns Anuca BENMKHH repuor Enena JIyusa
[epmanun BenuicoBpuranus repuor  nuHGypr - (Beaperna)

Feccerckuin CKHil

!

Tepmanckuyii Bpurancrui lloromxu O eemoguauu
KOPONeBCKULL 00M,  KOpoaedcKuil dom, nOpeOKUAUCy 6 €e NOToMcTGe
ROPOOHUSWIULCA  NOPOOHUGWUILCS ¢ Kopoaamu Huyeco
¢ Kopoaesckumu ¢ Kopoaem T'peyuu He u38eCTHO
Jomamu I'peyuu Hopseeuu u H0z0cnasuu
u Pymbinuu

['enpux, [IpuHuecca [Tpuniu Anex - Hukonai I,
1pUHL, HUpen . @punpux  canfpa | PYCCKHil uapsb
NpyCceKhn

Upyaue noromxu
HOPOOHUAUCH
¢ kopoaem leeyuu

IpuHy TpuHL IpuHy Benukaa Bennkas Benuxas Benukas lapesuu
Bansniemap CuruamyHi Fenprx KHSDKHa ~ KHAXHA KHAXKHA  KHAXKHA  AJexceil

Osbra Taresina MapHa  AHacTacHs

Puc. 3.11. Hacnemosauue reMoHInM B HOTOM- KBAJPAaTHKAMH. [ ODH3OHTAJILHBIE JIMHMM MEXIY
cTBe KOpoJicBbl Buktopuu. Kak 3To mpHHATO KBaJpaTOM M KPYXKOM O3HAYaKOT CYNpYXKeCTBO,
OpH HOCTPOCHHH POJOCIOBHBIX ¥ YEJIOBEKA, BEePTUKAJIbHBIE JIMHMHM NPOBEICHBI K HOTOMCTBY.

KEHINMHBI H300PaXKEHBI KPYKKAMH, MYKYHHBI—
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] 3noposble O JKeHUIMHBI — HOCHTENbHHAIL Bl My>XUHHBI C HEHIBECTHBIM
(] MY>XYHHBI reHa reMoQUIMn tenoTHnoM
[Mpuey Caxcen-KoGypr- -
proTCK“ﬂ Asb6epT Myxcumunt, O JKeHLUHHBI C HEM3BECTHBIM @ JKEeHLIHHBI ¢ HEU3BECTHBIM
6onbHbIE I'eHOTHIIOM denotunom

remModmuucit

—O —0

ApTyp, Jeononea, EneHa, Hputiuecca | Menpux, mpunig
repuor repuor npHHuecca Beatpuca |BarrenBeprcikuit
Konnaytckuit Anbadcxui | Banbnexckas

flotomku
NOpPOOHUAUCY
€ KOPOAAMU
{laeyuu u Jlanuu

O——0 C—

[puHuecca Tpad Anbdouc XI,| Koponesa Jlopn  Jlopn Mopuc Mapkus
Annca ATNOHCKH#A Kkopons Yicnanuu Jna  Jleonombp Maynt6arten Kopucbpyk
Mayurbarren  (moru6
B nIepBo#i
MHpOBOHA
BOHHe)

?

Jlenn Melt  Buxost Mopuc Tpuuy Hpuny Tpuruecca MNpunuecca Tpuau  Tpunn (Ymep

I6en-CMut Tpematon (ymep Actypuiickuit bxelim beatpuca  Mapus Xyan Towzano @ dercrae)
(umeer (noeu6 @ oercrge) (no2ub  (eayxo- (ecrb Oetu) (ecTv Jeru) (no2ub
oereil) 8 agroMo - 6 agTOMO - HeMoll) 8 A8TOMOBUNLHOU
6uabHOU 6unbHoll Karactpoge)
KaracTpogpe) xaractpoge)

Kopomns Xyan Kapnoc |
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Puc. 3.12. CuemnieHHOE ¢ HOJIOM HACIECHOBAaHHE B pesynbTaTe noyepH HMMEIOT pelEcCHBHBIH de-
y Kyp; cKkpeliupaHue PA0OM KypHUBl C IJaJKHM HOTHI, YHACTICAOBaHHBIA OT OTHA, a CHIHOBbL —
netyxoM. I'en psa6oi okpacku (B) noOMHHAHTEH JOMMHAHTHBIH (peHOTHII MATepH. DTOT THII Ha-
O OTHOWIEHHIO K INankoi okpacke (b). V xyp CJIEIOBAHMS OTJIMYAETCH OT M300paKEHHOIro Ha
CAMKM TI'€TEPOIaMETHBI, CICIOBATENbHO, KYPbI puc. 3.5, Ipy KOTOpPOM HOMHHAHTHBIN (eHOTHN
nepenaroT X-XpoOMOCOMY TONBKO ChIHOBBSM, MAaTepH HACIIENYeTCs BCEMM CHIHOBBAMH H J0-
a Jo4epH MOony4aroT X-XpoOMOCOMY OT OTHA. 4epbMH.

HOBPEX/ICHAH TKAHEH KPOBOTEYEHHE [OBOJIBHO OBICTPO OCTAHABIMBACTCS
Bcaencrsue oOpa3oBaHMA CIYcTKOB KpoBH. CYIIECTBYIOT IO MCHBIIEH Mepe
TpH THIA TeMOGHINH, ABA H3 KOTOPBIX OOYCIIOBJICHBI PELECCCHBHBIMY CIlE-
MIJIEHHBIMH C MOJIOM T€HAMH, a OJUH—OYE€Hb PEIKHH — ONpEAesIeTcs perec-
CHBHBIM aYTOCOMHBIM reHOM. Kaxabii M3 3THX T€HOB HMEET OTHOUICHHE
K O1HOMY H3 (PaKTOpPOB, HEOOXOMMBIX JIsi HOPMAJIBHOTO CBEPTHIBAHHS KPO-
BH. 3HAMEHHTBII NpPUMEp CLEIUVIEHHOTO C NMOJIOM HACJeZOBAHHS TeMOMHIHU
OpeACTaBiIseT cOOOH POJOCTIOBHOE APEBO HEKOTOPBIX MPAaBAUMX IWHACTHH
Espomsl, Bocxonsimee x kopoxese Bukropuu (puc. 3.11). ITockonbky cpenu
€e IIPE/IKOB CIy4an TeMO(MIHY HEM3BECTHEI, TO €CTECTBEHHO IIPEANOIOKHUTh,
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Puc. 3.13. CuensieHHOe C HOJIOM HACJICHOBAHHE MOBaHUsl OTIMYAETCA OT M306paKeHHOro Ha
y Kyp: CKpEUIMBaHHE IJIAAKOH KypHIBI C PAGBIM puc. 3.6, Ip¥ KOTOPOM JIOMMHAHTHBEIA eHOTHIN
HeTYXOM. Bce CHIHOBBS M [OYEPH HACIENYIOT OTIA HPOSBIAJICA TOJIBKO Y A0O4Yepe.

JOMHHAHTHBIA (eHOTHN oTua. Xapakrep Hacie-

4TO aJuteNlb, OTBETCTBEHHbIH 32 reMo(HIINIO, BOZHHK B Pe3yJIbTaTe MYTAIMH
B raMeTe OJHOIO W3 €€ pPOAUTEJIEH.

XapakTep Haciie[OBaHUs CIEIUIEHHBIX C I1OJIOM IPU3HAKOB, OTHCAHHBIH
JUTSL Ap030¢uiIbl M 4eJIOBEKa, MEHSETCS HA IPOTHBOIOIOXHBIMH, KOTAa rere-
POTaMETHBIM TIOJIOM fBJISIIOTCS camkd. HampuMep, y nrui, 6abodyek ¥ HEKO-
TOPBIX PbIO HMEHHO CAMKH [€MH3MTOTHHI MO CIEIIEHHBIM C TIOJIOM MpH3Ha-
KaM, i OHH TIEPEJAIOT TEHBI, ONPEAEIONINE TAKHE IPU3HAKH, TOJBKO CBOMM
CBIHOBBSIM, TOTAA KaK CaMIlbl IEPEAAOT COOTBETCTBYIOIIHE IEHbl KaK Chl-
HOBBSIM, TaKk W godepsm (puc. 3.12 u 3.13).
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Y-xpoMocoMa

OOcyxaaBlInecs 10 CHX IOp TICHBI, CHENIECHHBIE C IIOJIOM, PACHOTOXEHBI
B X-XpOMOCOME H HE€ HMEIOT FOMOJIOTHYHBIX ayiened B Y-xpomocoMe. [lo-
3TOMY CaMiibl (TOYHEE, FeTePOraMEeTHBIN MOJ) TEMU3UTOTHBL O CHENICHHBIM
C TIOJIOM T¢HaM, 1 3TH T'¢Hbl BCeraa MpOsBIISIOTCS B UX (GEHOTHIIE, AdXKE ECITH
OHH PELIECCHBHBL

Conepxatcsl 11 BooOle kakue-To relsl B Y-xpoMocome? BonblnHCTBO
reHOB, IMEONMXCA B X-XpOMOCOME, B Y-XPOMOCOME OTCYTCTBYET, OIHAKO
ONpeACTIEHHYI0 TeHETHYECKYyI0 HHPOpMAmWIO OHa BCe-TaKH HeceT. Pazmm-
4AIOT [Ba THIA TaKOHW HHPOpPMALWH: BO-NEPBLIX, COAECPXKALIYIOCS B TEHax,
NPUCYTCTBYIOIIMX TOJBKO B Y-XPOMOCOME, H, BO-BTOPHIX, B T€HaX, IPHCYT-
CTBYIOIIIMX KaK B Y-, TaKk ¥ B X-XpPOMOCOME.

VY BHIOB, caMubl KOTOPBIX T€T€POraMeTHBI, Y-XpOMOCOMA NEpenaercs oT
OTIIa BCEM €O CHIHOBBSM, H TOJBKO uM. ClienoBaTebHO, AJISI TEHOB, COAep-
KAIMXCA TOJBLKO B Y-XPOMOCOME, XapPAaKTEPHO 204dHOPUUECKOe HACAe008a-
Hue, T.e. OHHM IIePENalOTCSI TONBKO OT OTHA K CHIHY H HIPOSBISIOTCS
y caMIOB.

V 4emoBeka Hajmume Y-XpOMOCOMBI ~HEOOX0AMMOE yCIIOBHE IPHHAITICHK-
HOCTH K MYKCKOMY IIOJIY: OpraHu3MBbl, oOajaromme oqHoi X-XpoMOcOMOit
B OTCYTCTBHE Y-XPOMOCOMEI, XapaKTE€pU3YIOTCS XeHCKHM (EHOTHIOM, XOTs
GOJILLIMHCTBO M3 HUX CTEPUIbHBI (ITOT TEHOTHN ONpPEACTIAET TaK Hasbl-
Baemblii cuHapom Tepuepa; cMm. 1. 21). Boobiue, mo-BUANMOMY, NPHCYT-
cTBUE Y-XPOMOCOMBI HEOOXOAMMO y XHBOTHBIX IS BO3HHKHOBEHHS MYy-
XKCKHX IIOJIOBBIX IPH3HAKOB (WJIH KEHCKWX, €CIIH T€TePOTAMETHBIM IOJIOM
SBIIAIOTCSA CaMKH) HJIM, BO BCIKOM clly4ae, AN IJIOAOBUTOCTH. Y D.
melanogaster ocobu ¢ oaHOH X-XpOMOCOMOH B OTCYTCTBHME Y-XpPOMOCOMBI
(eHOTHIIMYECKH BBITNISAAAT KAaK CaMiibl, OJHAKO OHH CTEPHIIBHBI: COOEpKa-
mupecs B Y-XpOMOCOMe T'eHbl HEOOXOAMMBI ISl CiEpMaTOoreHesa.

VYV D. melanogaster u3BECTHBI T€HBI, NPEACTABICHHbIE KaKk B Y-, Tak ©
B X-xpomocome. Hocurenu perneccusHoil Mytanuu bobbed (bb) B roM0O3HroT-
HOM COCTOSIHUHM XapakTepu3yrorcs Oojiee KOPOTKMMH M TOHKAMH IETAHKA-
MH, Y€M MYXd OUKOro THma. I'eéH pacnojiokeH B SAPBILIKOBOM OPraHU3aTo-
pe, T.€. B yY4aCTKE XPOMOCOM, OTBETCTBEHHOM 3a (GOpPMHpOBaHHE sSAPBINIKA
B umHTepdaze kjperounoro meneHus. [IpH CKpemuBaHWM CaMOK, TOMO3H-
TOTHBIX 110 PELECCHBHOMY aJUIeNIo, C TETEPO3HIOTHBIMH cCaMIiamMyu Habiro-
Jaercs HeOObIMHOE pacilienjieHue. ECIIH HOCHTEIEeM IOMWHAHTHOTO AJLIENs
cIyxuT X-XpOMOCOMa caMIla, TO Bce caMku B F, HOpMambHBI, a camiibl
obnanaror MyTaHTHEIM (enoTunoM (X*Y™). Ecmm e HocuTeneM mdo-
MHMHAHTHOTO aJUIeNs] SIBISeTCS  Y-XpOMOCOMa TI€TEPO3UIOTHOIO  OTHA
(X**Y" %), To B noTomcTBe F,;, HANPOTHB, BCe CAMKH MMEIOT MyTAHTHBIA (e-
HoTHO (X'*X), a camupl-HOpMambHbBE (XY™ ).

V demoBeka B Y-XpOMOCOME cOOEpXaTtcs MO KpallHeld Mepe TpH rcHa,
ONHMH M3 KOTOpBIX HeobOxoauMm s nuddepeHIHalNyu CEMEHHHKOB, BTOPOi
TpeOyeTcsl AJIs1 NpOSBIEHHS AaHTHUIEHAa THCTOCOBMECTUMOCTH, & TPETHi
OKa3blBaeT BIIMSAHHE HA pa3Mmep 3yOoB.

OnpeneneHue 1moJia

IIpuHagneXHOCTH K ONPEACTICHHOMY IOJY ~BaXHas 0COOEHHOCTL (eHOTHIIA
ocobu. IIpd uTeHHHM 3TOH TIJIaBBl CTAHOBMTCHA Bce Ooitee SCHO, YTO CaMKH
U caMipl 00IafaroT pa3UdHOR XpOMOCOMHOM KOHCTHTYHHER. B 3TOM pas-
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6—1215

Taémma 3.1. Onpenenenne nosa y Drosophila melanogaster

Yucno Yncno Habopos X/A denoTunnuecknii non
X-xpoMocom ayrocom (A)
3 2 1,5 MeTacamka*
2 2 1 HopmManpHas caMmka
2 3 0,67 HHTepeeke
1 2 0,5 HopMmansHbIH camen
1 3 0,33 Meracamen®

*) MHorga MX HasbIBAIOT «CymepcaMka» M «cynepcameu». MyXH ¢ TakKMMu TeHOTHIAMH
oYeHb OcnabreHbl M YacTO HE JOXUBAIOT IO CTAMH NOJIOBO3PENOCTH.

Jene Mbl paccMOTpHUM 0oJiee OCHOBATEIBHO pPOJIb, KOTOPYIO XPOMOCOMBI
HTPAlOT B ONpPEACTICHHH IOJA.

VY uenoBeka, Tak Xe¢ Kak y apo30duibl, KIETKH XEHCKHX ocobeil comep-
XKAT Mo aBe X-XpOMOCOMBL, a4 MYXCKUX —oaHy X- H ogHy Y-xpomocomy. Ta-
KOE Xe pasjuude MEXIy HOJaAMH XapakTepHO alis OOJBIIMHCTBA TO3BO-
HOYHBIX, MHOTHX HACEKOMBIX M ApPYTrHX OECHO3BOHOUYHBIX, 4 TaKXke s
MHOTHUX 08y0OMHbIX PACTEHHH (T.€. pAaCTEHHH, ¥ KOTOPBIX CYIIECTBYIOT MY-
JKCKHE M XEHCKHE 3K3eMILTAPLI). OQHAKO T€HETHYECKHE OCHOBBI OTpeaeeHU st
HOJa y BCEX 3THX OPraHH3MOB HEOJHHAKOBBL

VY D. melanogaster HocuTeNH €IUHCTBEHHOU X-XpOMOCOMEI, HE HMEIOIIHUE
Y -xpoMOcoMmsl, 001a1a10T HOPMAJIBHBIM MYXCKHM (PeHOTHNIOM (mpaBia, Ipu
9TOM crepuibhbl). PeHotun no nony D. melanogaster onpenensercss COOTHO-
LIEHAEM MEXy YHCIIOM X-XpOMOCOM H YHcIIoM HabopoB ayTtocoM (A). Ecmu
otHoienue X/A = 1, myxa umeet denoTun camku, ecm X/A = 1/2— penotun
camua, ecm X/A Gomsine 1/2, HO MeHbIIIE €IWHHIEI, TO Pa3BHBAETCS OCOOB
¢ $EHOTHIIOM, NMPOMEXYTOYHBIM MEKIY MYKCKHM H XCHCKHM, T.€. «HHTEP-
cekc» (tabm. 3.1). MexaHH3M, NOCPEACTBOM KOTOpPOTO OTHOIICHHE YHCIIA
X-XpoMOCOM K 4YHCIy HaOOpOB ayTocoM omnpenenseT PasBHTHE TOTO HIIM
uHOTO denoTuna, ne Bnonne nonsren. Kpome toro, y D. melanogaster us-
BECTHBI KOHKPETHBIE T€HBI, BJIMSIONME HA ONpeaesieHre nona. MyTtaHTHBIA
red tra (TpaHcpopMaTop) B TOMO3HIOTHOM COCTOSHHH IIPHOAEeT 0COOIM
¢ IBymMs X-XpOMOCOMAMH, T.€. «FCHETHYECCKHM» CaMKaM, (QEHOTHIHYECKHiA
06nMK camioB (KOTOpPBbIE, OQHAKO, CTEPHJILHEI).

B oTHOIIEHHH MEXaHH3MOB ONpEAEICHHS NOJa YEJIOBEK OTIHYAEeTCS OT
Ip0o30¢duIbl TEM, 4TO i1 HGOPMHUPOBAHAS HOPMAJBHOTO MYXCKOTO (eHOTH-
1a HeOOXOAMMO NPUCYTCTBHE Y-XPOMOCOMBI. MeXaHH3MBbl ONpEAEICHHS T10-
ma y aposzodmn M MIEKOnMTarmux oocyxaarorcs B ri 17.

VY nmun u 6ab0ovex camubl ABIAIOTCS TOMOTAMETHBIM IOJIOM, & CAMKH —
rereporameTasiM (Tuna XY mwim XO). ITonossle XpoOMOCOMBI ¥ 3THX BHIOB
uHOrga obosHauaroT OykBamu Z U W, Bblaessis TakuM 0Opa3oM maHHbIH
cnocob onpeneneHns M0Ja, IPH I3TOM CaMilbl 0003HAYAI0TCA CAMBOIOM ZZ,
a caMkn—ZW wm ZO (puc. 3.14).

CogepIlleHHO IpYTroil MeXaHu3M OIpeaeeHus 10J1a, Ha3bIBAEMBI 2an.10-
Ounioudueii, NMAPOKO PACIPOCTPAHEH Y ITYE]I M MypaBbeB. Y 3THX OpraHum3-
MOB HET MOJIOBBIX XPOMOCOM: CaAMKH—3TO AMILTOHAHBIE OCOOM, a CaMITbI
(TpyTHM)—ranmougable. CaMKHM pa3BHBAIOTCS H3 OIUIOJOTBOPEHHBIX SIHII,
a M3 HEOIJIOOTBOPEHHBIX PAa3BHBAIOTCSA TPYTHW. Y TPYTHEH, Takum oOGpa-
30M, HET OTIIOB, XOTS Y HUX U €CTh Jeabl IO MaTepUHCKOH TuHMM. B mporec-
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Yenoex: XY Kysneunsx: X0

Heonnonorso-

ipeHHoe
g

Ce CHEpMAaTOrEcHE3a Yy TPYTHEH HE IIPOUCXOJUT PEAYKIMH HYUCIA XPOMOCOM.
W3 OmI0A0TBOPEHHOM AMIIEKTIETKH MOXET PAa3BHUThCA JTHOO «MaTKa» —KpYIl-
Hag, CIOCOOHAS K pa3sMHOXCHHIO CaMKa, OO cTepuibHAas pabodas camka.
DTO 3aBHCHT OT YCJIOBHH BBIKADMIIMBAHHS JIMYMHKH DaboYMMH 0cCOOAMH.

Puc. 3.14. Yetwipe Tuna
onpenesieHus oJa.
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Puc. 3.15. 3a onpenesne-
HHC [OJia ¥ PACTCHUs
Ecballium elaterium u3
CEMENCTBA THIKBEHHLIX
OTBETCTBEHHLL TPH aJljie-
a9 ofgEOro sokyca: a’
0o0yCNOBNIMBAET MYXCKO#
nous, at —repmadpo-
JIATH3M, d°—KXeHcKkuit
non. Amrens a’ Io-
MHHAWTEeH [0 OTHOUIE-
Huo K at u af, annens
a' JOMHMHAaHTEH mo OT-
HouleHuto x a’.

Myxckoe
pacTeHue

a*at F'epma¢ ponurHOE

atq®  pacTeHHe

+ Keuckoe
pacrene

BOJIBIIMHCTBO PAacTeHHH M HEKOTOPBIE KHBOTHBIE 2epMadpooumHsl, T.e.
B OIHOM 0cOOM coveTaroTcsi CBOHCTBa 0OOMX MOJIOB. BONBIIMHCTBO TepMa-
$HpounuTOB Pa3MHOXKAKOTCS HYTeM CaMOOTJIONOTBOPEHHS (CAMOONBLICHHUS),
XOTS Y HEKOTOPBIX XHUBOTHBIX M OTHEJbHBIX BUIOB pAacCTEeHHH CTpOEHHE
TOJIOBBIX OPTaHOB JIOMYCKAET NMEPEKPECTHOE OIJIOIOTBOPEHHE.

6*
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HexoTopsle pacTenust MOTYT OBITH KaK 00HOOOMHbIMU (TEPMAPPOIUTHBI-
MHM), TaKk H IBynoMHbIMH. ®Depuanno [aman nokaszan, uro y Echallium
elaterium, pacTeHHs] U3 CeMEWCTBA THIKBEHHBIX, CHCTEMA ONpPEHENeHUs moJja
BKJIIOYAET CEPHIO W3 Tpex ameneit, a’, at u @, npuuem a® nomumupyer Han
OCTaJIbHBIMH [IByMs aJUIEJISIMH, 4 @ ¥ JIOMHHAHTEH 1O OTHOLIEHHIO K a’. An-
nens a” onpenenser Myxckoil mod, at —TrepMadpomuTHIM H a® - KEeHCKHI
noJi. COOTHOIIEHHE MEXAY MAThIO BO3MOXHBIMH T€HOTHNAMH H (EHOTHUIIHU-
YeCKHM IIPOSBJIEHHEM 11012 TpeIcTaBieHo Ha puc. 3.15. (Tomosuror aPa® He
CYILLECTBYeT, MOCKOJILKY OHM MOTJM OBl BO3HUKHYTH JMIIL B pe3yJbTaTe
CKPEILMBAHUS MEXIY JIByMS CaMIaMH.)

HakoHer, y HeKOTOpPBIX KUBOTHBIX ONpE/EJICHHE NTOJ1a 32BUCHT OT BHEMI-
HHMX ycioBui. ¥ Mopckoro uepsst Bonellia ocobu, xoTopele B JIHYHHOYHOH
CTaJIMM OCTAIOTCS CBOOOIHO MJIABAIOIIMMH, CTAHOBSTCS CaMKaMH, a JIMIHH-
KM, IPUKDEIUBIINECS K TEy B3pOCNOH CaMKH, NPEBPAILAlOTCs B CAMIOB
B pe3yJibTaTe MacKyJIMHU3UPYIOIETO NefiCTBHS TOPMOHA, BBIIEISIEMOIO CaM-
koi. OBuTaromue B KOpamnoBeix pudax peiObl Labroides dimidiatus sxuByT
cTafikamd, BKJIOYAIOIIMMM HECKOJIBKMX CAMOK M omHoro camiia. Korpa ca-
Melr 1orubaeT, To JOMHHMPYIOAs B TPYIIe caMKa HaYdHAET OTTOHATE [IPH-
OIIMKAIOIMXCS K TPYyINIe CaMmIoB W, €CJIH 3TO el yJaercs, HAaYHHAET yXaXH-
BATh 32 CAMKaMH U BeCTH Ce0f KaK CaMell BO BCEX OCTANBHBIX OTHOIUEHHSX,
IPUMEPHO Yepe3 /iBe Hellelid OHa (Telleph yXKe OH) HAauyMHAeT NPOAyUUpOBATh
CMOCOGHYIO K OIUIO/IOTBOPEHHIO HKDBI CIepMy. MeXaHH3M onpejeneHus Mo-
na y Bonellia u Labroides 5KOHOMAYEH B TOM CMBICIIE, YTO HEOBXOIUMOCTD
pa3MHOXKeHHs He CO3/aeT TeM He MeHee U30bITKa CaMIoB.

OTHOILIIEHUE TTIOJIOB

YuciIeHHBIM OTHONICHHEM NOJIOB WJIH IIPOCTO OTHOIIEHHEM IIOJIOB Ha3bl-
BAETCs YaCTHOE OT IEJIEHHs YMCjia CAMIIOB Ha YHCIIO CaMOK. JTa BeJIMYMHA
y OONBIUMHCTBA pPAa3/I€JbHONOJbIX OPTaHU3MOB OJNHM3Ka K eAMHHIE, 4TO
SBISIETCS MPSIMBIM Pe3yJbTaTOM XPOMOCOMHOIO MeEXaHHM3Ma OIpeeNieHHs
nmoxna (puc. 3.16). CaMku (TouHee, TOMOTAMETHBIA NOJI) NPONYIHPYIOT Ta-

Puc. 3.16. Xpomo-

COMHBIH MEXaHH3M

Orpe/ieNeHus] OTHOLICHHS

yrucJaeHHOCTH nojoB. Ko- Poautenu

JIHYECTBO CaMOK M CaM-

OB HpHONH3UTENLHO

OJHHAKOBO Yy TEX opra-

HH3MOB, ¥ KOTOPBIX

OJHMH II0J TOMOTa-

METHBIH, a JApyro# —re-

TeporaMmeTHslid. I'omora- Tamernt  Aiiuexnerxu: sce X 1/2X 1/2Y Cnepmarosoumpi
METHbIE 0COOH MpOIyIH-

PYIOT B OTHOILIEHHH [I0-

JIOBBIX XPOMOCOM TOJb-

KO OOWH THI TaMeT,

a reTeporaMeTHBIE — ABA ~™
THIIA TraMeT B PaBHOM TloroMcTBO 1/2 XX 1/2 XY
KOJHYECTBE. CamkH Camupl
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MeTBI OTHOTO THUIA, X, CaMibl — ABYX THIOB, X U Y, IIpHYeM B PaBHOM KOJIH-
yecrBe. B pesyiprare 3urotel XX u XY Takxke obOpa3yrorcst B ONMHAKOBOM
KOJIMT4ECTBE.

VY nyen ¥ poOCTBEHHBIX UM HACEKOMBIX OTHOIIECHHUE MOJIOB OMPEAeIIseTCs
JI0JIed OTIJIOAOTBOPEHHBIX SHIl; HE YAUBATEIHLHO, YTO OHO HEe PABHO €IUHHIIE,
a 00BIYHO MHOTO MeHbIle. Y TeX BHIOB, ¥ KOTODBIX NOJI ONpPeIeIsieTCs
BHEIUHMMH YCJIOBHSIMH, OTHOIIICHWE TOJIOB OOBIYHO OTJIHYHO OT €IWHMIIBI,
NpUYeEM 4acTo, KaK, Halupumep, y L. dimidiatus, GpIBAeT 3HAYMTENILHO MEHB-
IIIAM €JHUHHULIBL.

Ha orHOmenHe 110j10B MOTYT BJHMATE HeKoTophle reHel. HampuMep, pe-
LECCHBHBIE temadbHble TeHbl (T.e. TEHBl, IPUBOAAIIAE K rabeM opraHu3Ma
JI0 DOCTHUXKEHHS TOJIOBO3PENIOCTH) B X-XpomMocoMe aposodun ybusaror re-
MH3HUTOTHBIX CaMmIOB, HO OCTaBJISIOT HEBPEAUMBIMH T'OMO3UTOTHBIX CaMOK.
VY Drosophila pseudoobscura cyiiecTByeT JHHHS, B KOTOPOH IIOTOMCTBO CO-
CTOMT IIOYTH MCKJIIOYHTEJILHO U3 CaMOK, BEPOSTHO, BCJIEACTBUE TOTO, YTO CO-
gepkainye Y-XpoMOCOMY TaMeTsl CaMIOB JUOO He BO3HHKAIOT BOBCE, JIHOGO
He CNOCOOHBI ONJIONOTBOPSTh SHIIEKIETKH.
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IlonoBele XpoMOCOMSBI

CuenuieHHOe € II0JIOM HACJIELOBAHHE
XpoMocoMHasi TEOpHS HACIIEICTBEHHOCTH
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3agaumn

3.1. V cynpyros, 3peHHE KaxX[0IO M3 KO-
TOPBIX HOPMAJIBHO, YeTBEPO jeTell: ABe J10-
yepHd W /IBa ChIHA. Y NEpBOH J04YepH 3peHHe
HOpMaNbHOE; y HEee €CTh TPH ChIHA, JBa M3
KOTOPBIX JajJbTOHMKH. Y BTOpOH [04YepH,
a TAKXKe Yy ee ISTH CHIHOBell 3peHHE HOp-
manbHOe. [lepBbIif CBIH [AaJIbTOHHMK; Yy HETO
IIBE IOYEPH U JIBa CBIHA, M BCE BHJAT HOD-
MaJibHO. BTOPO# ChIH M YETBEpPO €r0 CHIHO-
Beil Takke MMeroT HopMasisHoe 3peHHe. Ka-
KOBBI TEHOTHIIBI Je/IyIIKH ¢ 6abyIkoH, BCex
WX JeTed, X CYNpPyrosB U BHYKOB?

3.2, Ecoiu  XKeHumHa, oTery KOTOpOH
crpanan TeMmoduiHed, BhILUIa 3aMyX 3a
3/10pPOBOTO MYXYHHY, TO KaKoBa BEpOAT-
HOCTB TOTO, YTO y ee peGeHKa OyIeT reMo-
¢umma? Ilpennosoxum Telepb, YTO OTeEN
My3a Takke Obin O0JieH TeModuimel; Kako-
Ba BEPOSATHOCTH B 3TOM ciy4ae?

3.3. V pgposodunbl TeH penyudpoBaH-
HBIX KPBLIBEB (Vg) peneccHBeH W PACIoJio-
XeH B ayTOCOME ; T€H KeJITOM OKpacKM Tena
(y) Taxxe peneccuBeH, HO CIENJIeH ¢ MOJIOM.
Ecnu TOMO3HIOTHYIO 1O 3TUM TeHaM CaMKy
CKPECTHTh ¢ HOPMAJIBHBIM CaMIIOM, TO Kak
Gy/eT BITIAETH MoToMcTBO B Fy u F,?

3.4. TIpennonoxum, 4TO y XKeNnTOH cam-
KA C peJylIMPOBAHHBIMH KPBUIBSMH H3 YC-
ToBUS Ipenwigymed 3axayd X-XpOMOCOMBI
cBs3aHbpl oOmIEH neHTpoMepol. Kakoe mno-
TOMCTBO MOXHO OXH/JaTh OT CKPEDIMBaHMs
¢ HOPMAaJILHBIM caMiom?

3.5. [leryx TreTepO3WroTeH MO CLEIUICH-
HoOil ¢ nosnom peneccuBHO@ netanu. Kakoso
OTHOIICHHE TOJOB B NOTOMCTBE OT CKpe-
IIMBAHUS TAKOTO IEeTyXa ¢ HOpPMaJlbHBIMH
Kypamu ?

3.6. MHoTNna y Kyp SMYHMKM HE Da3BH-
BAIOTCs WK He (QyHKIHOHUPYIOT, 3 BMECTO
HUX pPa3BHUBAIOTCS CEMEHHHKH. Y HeKo-
TOPBIX U3 TAKUX «IIETYXOB» C Iepeonpene-
JIEHHBIM TOJIOM MOTYT 6bITh IpmuATa. Ka-
KOTO TWNa MOTOMCTBO MOXHO OXHIaTh OT
CKpEIIMBAaHUsI TAKUX METYXOB C HOPMAaJbHbI-
Mu kypaMu? KakoBo Oy/ieT OTHOIIEHHE I10-
JIOB B NOTOMCTBE ¢ YYETOM TOTO, YTO gdma
taira WW He cnocoOHbI XK pas3BUTHIO?

3.7. Psbyio Kypuuly CKPEeIMBaJIH

¢ THazKuM neryxoM. B F, npoBoaumuce Bece
BO3MOXHBIE THIBI CcKpemmBaguid. Kaxoso
6ynetr moromcrBO B F;?

3.8. Kakue THNBI IOTOMCTBA U B KaKOM
OTHOIICHHH BO3HHKAIOT MNpPH CKPEIIUBAHIH
TJ1aIKOH KYPHUIIBI C TETEPO3UTOTHEIM PSOBIM
netryxom?
¢ 3.9.V Echallium elaterium oIHOIOMHBIE
(repmadponuTHBIE) pacTeHMs KJaccuHIH-
PYIOT KaK BapHaHT elaterium, a IBYAOMHBIE
{MyXCKHe ¥ KeHCKHE) —KaK BapuaHT dioicum.
OGBMHO HCHONB3YIOTCS CIEXYIOmMUe TeHe-
THueckue 06o3HaveHus: E. elaterium elate-
rium oGosHauaercs a*a’, MyxCKHe pacre-
uus E. elaterium dioicum—a’a’, xenckue pac-
tenus E. e. diocicum—a'a®. Tlpenuonoxum,
4TO B NpPHPOZLE pacTeHHus OOBIYHO HMEIOT
TeHeTUYECKYI0 KOHCTHTYLHIO JIMKOTO THIA.
KakoBel 6ynyT pesynbraThl CKpPEIIMBAHHUM:
a) dioicum ¢ x dioicum & ; 6) elaterium x
x elaterium;  B) elaterium x dioicum &,
1) dicicum @ x elaterium?

3.10. ITpennosioxuM, 9T0 B IOTOMCTBE
OT CKpellMBaHus TUNA B) U3 YCIIOBUi IIpebI-
Ayined 3a7aud IUIOI0BHTHL NMIOGBIE THIIBI
[IEPEKPECTHOTO  OmblieHus. Kakue THUIBI
pacTeHHH M B KakHX [pONOpILHNX OymyT
NPUCYTCTBOBATh B MOTOMCTBE OT BCEX TH-
IIOB Takoro ckpemysanusi? OTBEThTE Ha
TOT XK€ BOIPOC NPUMEHHTENLHO K DPE3Yirh-
TaTaM CKPEUIMBAHMUS THMA T).

3.11. B noTtoMcTBEe OT CKpPEIIMBAHUS
nByx pacteHmid Ecballium elaterium BO3HM-
KaloT HCKJIIOYHTENIBHO TepMadpO/IMTHEIE
pactenus. [lpu ux ckpemmBanun B F, onxy
YEeTBEPTh MNOTOMCTBA COCTABISIIOT  JIBY-
JOMHBIE XEHCKHE DAaCTeHus U TRH YETBEp-
TH — OJITHOJIOMHBIE pacTeHus. KaKoBwl TeHo-
THNBI NpeJCTAaBUTENEH BCEX TPEX MNOKOJe-
HUH?

3.12. Camka MenOHOCHOM muenbl Apis
mellifera qUNIOMIHA, a TPYTHHU TAINIOUIHEL
CymecTByeT, OIHAKO, JIOKyC CO MHOXe-
CTBEeHHBIMH aJUIETISIMH, BIHSIOIIMH Ha Ompe-
JleNleHre 110Jia y JMIUICHIOHBIX ocoleit. Bee
JUIIONNIHBIE OCOOM, TEeTePO3UTOTHEIE IO
9TOMYy JIOKYCY,— CAMKH, & TOMO3UTOTHBIE 110
qobomy u3  amjened—camusl.  ['omo3u-
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TOTHBIE CaMIlBl HE HOCTHTAIOT HOJIOBO3pE-
JIOCTH, NMOCKOJIEKY OOBIMHO NoenaloTcs pa-
6ovyuMH TYejaMH Ha JIMMHHOYHOM CTajuu
B IIEpBbIE TPOE CYTOK NOCJIE BBUIYIUIEHHS W3
suyex. TakuM 0Opa3oM, TOMO3UIOTHBIA re-
HOTHII B €CTECTBEHHBIX YCJIOBHSX JIETaJIeH.
OnHako M3BATHIX U3 YibS JIMYMHOK TAKHX
CaMIIOB MOXHO JIOBECTH JI0 CTaIUH
IIOJIOBO3PEJIOCTH. B 3TOM JIOKyce HaCcuMTHI-
BaeTCS OKOJIO JIBAjIaTH asUleseif, obo3Ha-
yaeMbIX CHMBOJIAMH A,, A,, veey Asp.
Ilycte B MOTOMCTBE HEKOTOPOM OIJIOI0-
TBOPEHHOH TallJIOUJHBIM TPYTHEM MATKH
JIMIIL MOJIOBUHA SIMYEK CTIOCOOHA K pa3Bu-
TUIO (3TO XOPOIIO 3aMETHO, IIOCKOJIBKY IO-
JIOBMHA $4€eK B COTAX OCTAeTCs MYyCTOH,
U IIyCTBIE SYEHKH PacCHpelesieHbl 110 CoTaM
cilyialiHpIM 00pa3zoM). UTo MOXHO CKa3aTh
O TEHEeTHYECKOH  KOHCTUTYIMH  MATKH
U TpyTHS?

3.13. TIpenmoyioXuM, YTO AMIIIOWJHBIA
TpyTeHb OIUIOAOTBOPSIET MATKy, y KOTOpO#H
B JIOKYCE, ONPENESIOIEM 101, OJIMH U3 aji-
Jenedl MIeHTHYeH aento TpyTHA. Kakoit
TIPOLEHT HOTOMCTBA OymeT KU3HECIOCOOeH
B yibe?

3.14. Tlycts umcno anneneit B JOKyce,
ollpenejIsIOmeM MOJ, PAaBHO [BaIIAaTH.
CKONILKO  CYIIECTBYeT TI€HETHYeCKH pas-
JMYMHBIX THIIOB TalIOMgHBIX caMioB? Ju-
miouaHeix camuos? Camok?

o 3.15. Jlokanu3anus reEa B Y-XpoMmoco-
Me BHEPBBIe OplNia 0OHapyXeHa AHTOHHO le
3ymyaTta B 1925 rony. CyniecTBYIOT 4€TBHIpE
(deHOTUIINYECKUX KJlacca XKYKOB-JIMCTOEIOB
Phytodecta variabilis: monocarblif, Xenrsri,
KpacHBI M YEepHBIA, OTIHMYAIOIINECH OKpa-
ckoii HajkppUdi. Bee detwipe QeHoTHIA
OMpENENSIOTCS  AJUIENSIMA  OLHOIO  I€eHa,
0603Ha4aEMBIMH €' IS TIOJIOCATHIX KYKOB,
¥ JUIs KENTEIX KYKOB, e’ I KPACHEIX H e’
Ans 4epHBIX. Xapaktep IOMHUHMPOBaHWS
cpemy 3THX alesied MOXHO ONHcaTh Hepa-
BEHCTBOM é° > ¢ > e’ >¢!, Tne 3HaK « >»
03HAYaeT «IOMHUHAHTEH MO OTHOIIEHHIO K».
T'en pacrnojioxeH B NOJOBBIX XPOMOCOMAX,
npuveM BCe HYETHIpe ajuielss MOIYT ObITh
JIOKJIM30BaHbI KaK B X-, TaK U B Y-XpOMO-
come. 3yiayara oOHapyXWL, 4TO HOJNOCATHIN
(eHOTHI OvYeHb pelKO BCTpeYaeTcs y caMm-
nos (0,5%, Bcex caMmiuoB) H IIUPOKO pacnpo-
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cTpaHeH y caMokK (599 Bcex camok). Kak Bbl
MOXeTe OOBACHUTh 3TOT GaKT?

e 3.16. IIpu CKpemMBaHWM MOJIOCATOM
caMk¥u Phytodecta variabilis ¢ xeaTbIM cam-
nom B F, obuapyxeno 13 momjocaTeix
caMok ¥ 11 xenreix camnos. B F, Bce cam-
ki (31) ObUIM HOJNIOCATHLIMH, a4 BCE CaMILbI
(29)—xenrermMu. KakoBel TEHOTUNBL POIUTE-
neit n moromcrea B F, u F,? HUcrone3yitre
METOJl XHM-KBajpaT [Jisi IIPOBEPKM Baiei
THIIOTE3BL

3.17. JonycTtuM, 4YTO BaM HEU3BECTEH
non ocobeit B mokonerusix F, u F, u3 ckpe-
IMBAHHU$, OMUCAHHOTO B IIpeAbIAyIIEH 3ana-
4e. Moriu Opl Takie pe3yIbTaThl HOJYYATH-
csi, ecIii ObI T'eH OKPAacKk| HajKphLIHH He ObLt
cruennex ¢ nojaom? Ucnons3yiite Meros Xu-
KBaJpaT JJIsi IPOBEPKH THIOTe3bl O HECHEN-
JIEHHOCTH C NIOJIOM JIAHHOIO ['€HAa yXe C yde-
TOM MOJIOBOH NPHHAIIEXHOCTH 0oCcobeil.

3.18. Ilpu ckpeimBaHUH KpPacHOW cam-
KU Phytodecta variabilis ¢ XpacHbIM CamIIOM
B MOTOMCTBE OKa3ajloch 15 XKeJITHIX CaMoK,
15 xpacHbIX caMOK W 34 KpacHBIX caMiia.
Ilpu CKpeluMBaHWH OTHEJBHBIX JKENTHIX
CaMOK M3 ToKONeHust F, ¢ oTHenpHBIMU
KPAacHBIMU CaMIIAMH U3 TOTO e MOKOJICHUS
COOTHOUIEHHE (PEHOTHIIOB B MOOTOMCTBE
0Ka3ajJoch B DAa3HBIX CKPEIIMBAaHUSAX pas-
JINYHBIM ; IPUMEPHO B [1OJIOBHHE CKPELIHBA-
HUl BCe CaMupl X CAMKH B IIOTOMCTBE OBLIH
KpacHBIMH, B [IpYIOif TIOJIOBHHE CaMIIBI
HUMeJIH KPacHyro OKpAacKy, 2 CaMKH NpUMep-
HO B paBHOM 4YHCJI€ OBLIH XKEJITBIMH H I10JIO-
catbiMi. KakoBbl BeposTHBIE TEHOTHIILI PO-
nurenet?

3.19. V HekoTOpBIX TPOIMYECKHX PBHIO,
TaKuX KaK MEYEHOCHpl H TYNIUH, B HEKO-
TOPBIX JMHUSX TeTeporaMeTHbIMH OBIBAIOT
caMipl, a B JPYIHMX—CaMKd. B Iukux -
HUSX CaMKM 4YacTo ObBaror TtHIA XX,
camnbl Tuna XY; B HEKOTODBIX aKBapHyM-
HBIX JIMHHSX CAaMKH MMEIOT TeHOoTHH ZW,
camupl—ZZ. [TpH nepexpecTHbIX CKpPEIMBa-
HHSIX MOXHO IOJIy4HTh CAMIOB C KOMOMHa-
OMSMH TIOJIOBbIX XpoMocoM tuna ZZ, XZ,
XY umu YY, a caMOK ¢ KOMOMHanusIMu XX,
XW, ZW unYW. KakoBo Oyzner orHoLIe-
HHE MOJIOB B CIENYIOUMX THUIaX CKpelnBa-
Hait:  a) @ XX xdZZ; 6) QZW x4 XZ;
B) Q XW x § XZ?



IIpupona
TEHETUYECKOTO
Marepualia

CBS13b MEXIY MEH/ICJIeBCKAMH T€HAMY H XPOMOCOMAaMM KJIETKH OpLiia TBEp-
o nmokaszana bpumxkecoMm B 1916 Tony (ro1. 3). EMy yxanocs yCTaHOBUTB, YTO
BCE T€HBl MMEIOT HEKOTOpHIE OOIuMe CBOHCTBA. Bo-TepBhIX, OHU CIOCOOHBI
co371aBaTh COOCTBEHHBIE KOMUH (CAMOPETJIHIUPOBATHCS) BO BPEMS YIABOCHHS
XPOMOCOM B NEPHO/I, NPENLIECTBYIONIMIA MeHo3y. Bo-BTOpPBIX, B pe3yibTaTe
MyTaIid TeHbl MOTYT NMEPEXOJUTh B DPa3JIMYHble ajulelbHple QOpPMBI, 4YTO
TaKXe NpeinoiaraeT CIOocOOHOCTh K CaMOpEIUIMKAUMH. PeAKOCTh MYTarui
yKa3bIBaeT Ha TO, YTO TeHHl NMPEICTaBISIOT COOOH OYeHb CTAOMNBHBIE CTPYK-
TYpBl, CIOCOOHBIE K TOYHOH IyIIMKAudd. B-TpeTpHX, reHBl pa3indviHBIMH
cnocobGamMu OKa3plBAIOT BiMsiHHE Ha deHoTuI. ITposiBiieHHe aibTepHATHBHBIX
TIPU3HAKOB, KaK BIEpBblc 3aMeTU1 MeHenb (AIHMHHBIA WM KOPOTKHH cre-
6eTIb, TTIaKHE M MOPIUIMHACTHIE CEMEHA U T.IL), CIIY)XAT OCHOBHBIM KpHTE-
pHeM UAeHTHOUKAINH TeHOB NPU HAOJIONeHUSX HAJl PACIICIJICHHEM ajuiesiel
B [IOTOMCTBE Pa3/IHYaIOIMXCH II0 TaHHOMY NpPU3HAKy poaureied. YcroHuu-
Basg Ilepefiavya NPH3HAKOB U3 IIOKOJIEHHS B NOKOJeHHWe, Hapyllaemas JIHIIb
MyTanHMsIMH, CTABUT Nepell HAMH BONPOCHI: KaK OMNPEHENstOTCS TaKue Ipu-
3Haku? Yro mpexncrasiser coboél obpasyrolee reH BEIECTBO, CHOCOOHOE
K CaMOpeIUIHKAUHA, MyTanusM u (HEeHOTHNHYECKOMY T POSBICHALO ]
OTBersl Ha Takue dyHNaMeHTa bHBIE BONPOCHl Heu3OeXHO OYeHB
CJIOXKHBI, KOrZ1a BOIPOChl GOPMYJIUPYIOTCS NPUMEHUTENBHO K POCTY, Pa3BH-
THIO H Pa3MHOXEHHUIO BBICIINX OPTaHU3MOB, HAPUMED 4eNOBeKa, il JlaXe
MeHee CJIOXKHBIX OpraHM3MOB, TaKHX KaK MYXWM WJIH pacTeHHs Tropoxa. Uem
NMpOIIE YCTPOEH OpraHu3M, TeM OoJIbIIe OH IONXOAMT JJis PEIIeHHS Io-
I06HBIX BoNpocos. [lepBrle cBemeHUS O DU3HYECKUX U XUMHYECKHX OCHOBAX
HACJICICTBEHHOCTH OBLIM TNOJIydeHBI Npu pabore ¢ MHKPOOPraHU3MaMH.
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Bakrepun, paHee H3y4aBIUHMECS JIHIIb IOCTOJIBKY, TIOCKOJIBKY OHHM
SABJISIOTCS BO3OYIHUTENSAMH G0JIe3HEH YeI0BeKa U JIOMAIIIHUX XHUBOTHBIX, OKa-
3a7UCh YZOOHBIM OOBEKTOM [JI MCCIIENIOBAHHUS HACIIEACTBEHHOCTH M UpH-
pPOIIbI TeHETHYECKOIO MaTepHasia. BUPYCH, YCTPOeHHBIE TPOILE, YeM OakTe-
PMH, OKa3aJuCh ¥ Gojiee y100GHBIM OOBEKTOM. BHpYChl cOCOGHBI pa3MHO-
KarbCsg JMHOIb BHYTPU >KHMBBIX KJeTok. baxrepuodaru npoHUKAIOT
B OakTepHanbHbIe KJETKH; JPyIMe BHPYCHl TOpPaXaloT KJIETKH pPaCTeHHH
W XUBOTHBIX, U MHOTHE W3 HHX TATOTE€HHEIL

Emie B 1922 1. rederuk Ménnep orMeTun upa BaXHBIX oOmmx cBo¥cTsa
GakTeproharoB 1 reHOB: M TE U APYIHE CIOCOOHBI K Pa3MHOXEHHIO, CO3/1a-
Basi TOYHBIC KOIHMH CaMHX ce0sl; U Te ¥ APyTHe B pe3yJibTaTe MyTanui MoryT
[pMHUMATE HOBEIE Gopmbl. Ménep mucan'’:

«C ppyroit cropoHsl, ecaM tensna [{Openns (6akrepuodaru) nedcrsu-
TeNBHO IPEICTABIAIOT co00l IeHBl, B OCHOBHBIX YepTaxX CXOIHHIE C TeHaMH
XPOMOCOM, TO 3TO /1a€T HaM BO3MOXKHOCTH MOJCTYIHUTECS K NpobieMe reHa
C COBEPHICHHO HOBBIX IO3unui... Bbu1o OBl CIIUIIKOM ONPOMETYMBO HAa3BATH
3TH TeNbla reHaMH, OJTHAKO MBI JIOJDKHBI NIPU3HATH, YTO KaKHe-JIUOO OTIH-
YU MEXTY TeHAMH U HMU HaM He U3BeCTHHL. CleOBATEILHO, MBI HE MOXEM
KaTeropu4eckd OTBEPraTh BO3MOXHOCTH TOTO, YTO KOTJa-HHOYIb MBI Ha-
YYUMCS PACTHUPATH T'eHBI B CTYIKeE, a 3aTeM CHOBa COOMpaTh UX B mpobHpKe.
JOTKHBI JIM TEHETHKY NIPEBPATUTBCS B OAKTEPUONIOTOB, XUMHKOB H (GH3HUKOB,
O/IHOBPEMEHHO OCTaBasCh NPH 3TOM 300J0TaMH U OoTaHMKaMu? XOTeJloch
OBl HALESITHCS.

B 1922 r. YeHETUKH CYMTAIH, YTO MEH/IENEBCKHE T€HBI MOTYT HaXOIHUTECS
JMIIL B SiApax KieTok. bakrepuodard sBHO MHOrO Melbie GakTepHasbHBIX
kyeTok. He MOTYT i OHM npencraBiisiTe coOOH «BBICBOOOIHMBILIMECS) T€HBI,
CNIOCOGHEIE K Pa3MHOXKEHHIO, JTMIIb NoNanast B OakTepdasibHylo KieTky? Dra
THIIOTE3a CTUMYJIMPOBAJIa MHOXECTBO MCCIIeZloBaHHH GakrepHodaros u npy-
HX BHPYCOB, HMCCIICIOBAHWIA, YaCTWYHO NOATBepHUBIIMX Hiuero MEmiepa.

B 710 rimaBe MBI paccMOTPHM, KaK HU3ydeHHMe OaKkTepuit 1 BUPYCOB IIDY-
BENIO K NOHMMAHUIO XUMHYECKOH IPUPO/ABl TEHETHYECKOI'O MAaTEPUaNa H Kak
6Bl OMNperneNieHHl ero GU3MYecKas CTPYKTypa M cBofcTBa. B mocneayrommx
IaBax MBI POAHaNH3UpyeM, KaKkoli BKNaj BHECTIO HM3ydeHUEe MHKDPOOPraHU3-
MOB B HAIIM [IPEJCTABJIEHUA 00 OpraHU3alui ¥ MEXaHHW3Max IPOSBIICHHS Te-
HETHYECKOTO MaTepHuaja.

BakTepuu Kak 3KCIIEpUMEHTAIbHbIN
0OBEKT

HauGosnee MHTEHCUBHO HCCIeyeMBIit BUI OakTepuit —3T0 oOMTaTENh KUIIEU-
Huka yenoseka Escherichia coli. Dra Gaktepus Jierko BBIPAIMBAETCSA B KHII-
Ko#t cpene, conepxaineii HekoTopsie comn (NaCl, NH,Cl, KH,PO,, CaSO,),
HUYTOXHBIE KOJIMYECTBA HEKOTOPBIX IPYTUX HEOOXOMUMBIX TEMEHTOB U Ka-
KOM-HUGY/Ib NPOCTON MCTOYHHK YIJIepoza, HanpuMep IoKo3y. M3 aTux Be-
wectB E. coli cnocoGHa CHHTE3UPOBATh BCE CIIOXKHBIE OPTaHMYECKHE MOIIe-
KyJibl, 06pa3ylomue KIETKy (Takue GaKTepud Ha3biBalOTCS hpomompodamu).
B nurarensHO¥ cpeme BCEro JMILL 33 OAWH H€HBb TJIOTHOCTH IOMYJISIHH,
BO3HHUKIIEH W3 e MHCTBEHHOHW KietkH E. coli, Moker mocthus 2-3-10°

Y Miiller HI. (1922). American Naturalist, 56, 32.



0.1 mn

Puc. 4.1. /Ina oupenereHus KOJUYECTBA XKHUBBIX
OakTepHaNbHBIX KJETOK B KyJbType e oOpasen
NOCNEAOBATENBHO Pa3BOAAT M (GUKCHPOBAHHBIH
00BEM CYCHIIEH3MH H3 IOC/IEAHETO pPa3BCICHHS
BLICEBAIOT HA TBEpAyro cpeny. Ilocne mHKyOa-
UMM Kax/ias GakTepHasibHAs KJETKa, PA3MHO-
Kafch, oOpasyeT BHINMYIO HEBOODPYKEHHBIM
r1a30M KOJIOHHIO CBOHX MOTOMKOB. llojacumuTas
YHCIIO KOJIOHHH Ha valilke, JIETKO Y3HATh KOH-
HEHTpAHI0 OaKTepHANbHBIX KJIETOXK B HMCXOJHOMH

0.tmn

Yamka Merpu ¢
IUIOTHOM arapu30BaHIiof
IIATATEILHOR CPCILOK

xyabType. Hanpumep, Ha wamke sbipocio 100
KOJIOHHH, cienosaTenbHo, B 0,1 Mil pasbasieH-
HOH XyJbTyphl comepxasioch 100 kneTok, a ux
4YHCJIO B MCXOJHOHM mpobe paBHO

(160 xmetox/0,1 mu)-10%.102-10% = 10° xueTox
B 1 ma (Stent G.S., Calendar R. 1978. Molecular
Genetics, 2nd ed., W.H. Freeman, San
Francisco.) [Mmeercs mepeson: Cmewm I'.. Ko-
aundap P. 1981. Monekxynspuas reHetHka, M.,
Mrp.]
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OakTepHii B MIIUTWIATpe. MHOTHE Ipyrde OakTepuu, OCOOEHHO mnapasu-
THYeCKHe, HE CIOCOOHBI CAMH CHHTE3WPOBATh HEKOTOPBIE OPraHUYECKHE
COEIMHEHHS, H IOTOMY NpPUCYTCTBHE COOTBETCTBYIOIIMX COEIHHEHHUH B
cpelle HEOOXOJUMO IS X CyinecTBoBaHMs. Takxue GakTepUH HA3BIBAIOTCH
aykcompogamu.

KonmyecTBO XUBBIX KJIETOK B OaKTepHaJIBLHON KYJIBTYpe MOXHO IpHOIH-
3UTEJIBHO MOZACYHTATH, €CJIM pa3BeCTH OIpeHeNieHHbIM 00pa3oM KyJibTypy
1 duKCUpOBAaHHBIH OOBEM CyCNeH3MM BhICESTh B vamky [lerpm Ha mosepx-
HOCTh TBepAOH NMTATEIbHOH cpennl (C arap-arapom) (puc. 4.1). Ecam xyms-
Typa pa3BelieHa JOCTATOYHO IJI TOTO, YTOOBI OT/ENbHbIe KJIETKH OKa3aJIMCh
Ha 3HAYUTEJHFHOM PACCTOSHHM IpPyr OT [IPyra, TO NpH HHKYOalMM YaIiiky
[leTpr B NMOAXOASIMX YCIOBHSX Kaxpas OakTepus HaYMHAeT OBICTPO Ie-
JaThCs U GOPMHUpPYET Ha NOBEPXHOCTH arapa pa3iHduMy0 HEBOOPYKEHHBIM
rja3oMm KojioHuro. KonudyecTBo Takux KOJIOHMH MOXHO MOJCYHTATEL M, YMHO-
KHB IIOJYYEHHYIO BEJIMYMHY Ha KO3()dUIMEHT pa3BenieHUsl, ONPENETIUTH YHC-
JIO KIIETOK B MCXOMHOU KyJNbType (cM. puc. 4.1). DTOT COCOG aeT BO3ZMOK-
HOCTh HM3y4aThb [IOTOMCTBO JIIOOOH OTAeNbHOW KierTkd. Hampumep, mMoxHo
HOJIYYUTh YUCTYIO KYJIBTYPY Jt0GOH MyTaHTHOH Oakrepuyl, IPHCYTCTBOBAB-
[IEH B UCXOJHOM CYCIIEH3MH KJIETOK IyTEM €€ Pa3Be/leHHs U IOCEBA B YallKe
IMeTpu. DTOT IPOCTONR METOA JIEXKUT B OCHOBE BCEX WCCIIECHOBAHMH 1O TeHe-
THKe OakTepHH M HCIIOJIB30BAJICS BO BCEX OOCYXK/1AEMBIX HHXE JKCIEPHMEH-
Tax.

PesynbpTaThl, NOJSyYeHHBIE Ha OAKTEPHsSX, BHECJIM 3HAYMTEJIBHBIA BKJIAJ]]
B Hallle IOHHMaHHE MeXaHW3MOB HACJEICTBEHHOCTH. B HavanmbHBIH Iepuon
pPa3BUTHS TEHETHKH HUCCJIEIOBAaHUS BEJMCh IJIABHBIM 00pa3oM Ha BBICIIMX
OpraHu3Max, pa3sMHOXAIOIIUXCSH, TaK JXe KaK ¥ 4YeJIOBEK, ITOJIOBBIM NyTEM.
Y Oaxrtepuii HeKoTopble GOPMBI MOJIOBOTO IIpolecca OBIM OOHAPYKEHBI
qanis B 1946 rony. Tonbko MOCTENEHHO YYEHBIE OCO3HAIH, YTO MEXaHHU3MBI
HACJIe0OBAaHUS [IPU3HAKOB y YeNOBEKa W OaKTepuil B OCHOBAX CBOMX HMEIOT
OYeHbL MHOIO OOIEero.

DKcIepUMeHTaIbHbIE UCC/IeIOBAHUS
OakTepuodaron

Wccnenosanns, NpoBefeHnbie Ha $arax, BHECII HEOUCHUMBIN BKIaR B Harie
TTOHHMAHHWE MEXAaHU3MOB HACJIEICTBEHHOCTH. 3apaxas GakTepHajbHbIE KYJib-
Typhl, JIETKO IOJYYUTh KOJOCCANIBHBIE nonyusnue daros—go 10! gactun
B 1 M u GoJee.

Turp dharoB B KyabType onpenensercd clexaylomuM odopazom. CycreH3ns
($haroBeIX 4YaCTHIl COOTBETCTBYHOIIMM 0OOPa3oM pa3BONUTCS, CMEIIMBAETCS
C OlIpeNeNieHHbIM 00BEMOM KYJILTYPHI XHUBBIX OaKTepUalbHBIX KJIETOK B IIO-
JYXKUIKOM arape, 2 3aTeM 5Td CMECh PABHOMEPHO pacipelelisieTcs ilo Mo-
BEPXHOCTH TBEPHOM NHTaTesbHOM cpexpl B vamke Ilerpu u 3arBeprmeBaert.
IMocne MHKYOANMH >KUBRIC OaKTepUH, Pa3MHOXasiCh, 00pPa3ylOT MIIOTHHIH
W BHJIMMBIA HEBOOPYXEHHBIM TJIa30M CILJIOIIHOM CJIOH KAeTOK (ea3on). B Tex
XKe Mecrax, KoTopsle HHbUupoBaHel (aroBbIMH YacTHIAMH, 0OPa3yrHOTCH
Hezamughble Koaonuu (wnu Oaswxu) (puc. 4.2). IIpo6sl, B3STHIE U3 ITHX Gig-
HIEK, CIIOCOOHBI 32paxaTh OaKTepuH B JIPYIHX Halllkax NOTOMCTBOM HCXOI-
HoTO ¢ara. Ecin daropsix yacTui| B 6aKkTepHaIbHON KYJIbTYpe OTHOCHTEND-
HO Majlo, TO KaXzaas HerarupHas KOJIOHHS Ha OaKTepHaJIbHOM Ta30He
COIIEPXKHUT MOTOMCTBO OHNHOW WHIMBHIyaJbHOH wacTunel dara. KoHienrpa-
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Puc. 4.2. [Ins onpeieneHUs KOJHYECTBA XKH3-
HeciocoOubIx ¢arosbix 4yacTur obpasen npena-
paTa MOCJIEA0BATENLHO Pa3BOAAT M (PUKCHPO-
paHubli 00BeM pa3bamicHHON (arosoil kymb-
Typsl CMEIIMBAIOT C OUPEACACHHBIM O0REMOM
MOAYXHIKOro IMHTATENLHOTO arapa, cojepxalie-
ro HECKOJIbKO KalleJsib cBexed OakTepuanbHOU
KyabTypbl (mpuMepro 10% kaeTox). 3atem mosny-
KHIKHR arap, CMeunraHHbli ¢ GakTepusMu u ¢a-
raMi, BLLJIMBAIOT HA NOBEPXHOCTbL TBCpﬂOﬁ
cpeabl B vamky lleTpu, re OH M 3acThiBaerT.
IMocne nHKyGanmuu GaxTepuu oOpa3yroT HA MO-
BEPXHOCTH vAIIKH IIOTHBIA razoH. B tex me-
cTax, IAe 3apaxeHue (GAroM BBI3BAIO JM3HC
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i baxkTepHalibHan
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[Monyxuiaxas arapusopaHtas
[IATaTelIbHASA Cpejla

Yawuxa IleTpu ¢ mnoTHOH
arapu30BaHHOMN 1TTATENBHOR
cpeno#

OaxTepuii, B Ta30He OOPA3YIOTCS «IBIPKMY.
Uncno «Ablpok», WM OJALIEK, OTPAXaeT YMCIO
yacTun ¢ara, momMaBmMX B IOMyXHMIKHH arap.
Ecnu Ha NMOBEPXHOCTH YAIIKH HACYHTHIBAETCS
100 Gnsuek, 3nayuT, B 0,1 My pazbamnenHoi
KYJbTYpbI cogepxanock 100 ¢aroBeix wacTul.
Yucno daros B HCXOIHOH KyJabType, CICAOBA-
TeJbHO, ObLIO paBHO

(100 dparos/0,1 M) 102-102-102-10% = 10" da-
ros B 1 M. (Stent G.S., Calendar R. 1978.
Molecular Genetics, 2nd ed., W.H. Freeman,
San Francisco.) [Mmeetcs nepeson: Cmenm I,
Ksaundap P. 1981. MouekynsipHas TCHETHKA,
M., Mup.}
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nuto (THTP) dara B UCXOOHOH KyJIbTYPE MOXHO OLpPEIEJIMTh, IOACYHUTAB YHC-
710 OJIsIIEX HA ra30He U YMHOXHB €ro Ha KO3(GUIIMEHT pa3BeleHUs, KaK 9TO
nokasaHo Ha puc. 4.2. 3apaxas CBeXYI KynbTypy GaKTepuil MaTepuaioM
M3 OJHOM HETaTHBHOH KOJIOHHH, MOXHO IIOJIyYMTh YHCTBIH IIperapat dara.

HK - tpancdopmupyromint GaxkTop
ITHEBMOKOKKa

B Hamm aHH OOIIEH3BECTHO, 4YTO JIE30KCHPUOOHYKJIIEMHOBAS KHCJIOTA
(AHK)—HocHTETTb HACTIEACTBEHHOCTH Yy BCEX MPOKapHOT M IYKApHOT.
BriepBole 970 OBLIO NMOK23aHO B MCCJIEOBAHUSIX Ha GaKTepusiX ITHEBMOKOK-
kax. HekoTopsle TUHAN (IITAMMBI) 3TOTO MHKPOOPTaHM3MA BBI3BIBAIOT BOC-
NaJieHUe JIETKHX Yy MIIEKONHUTAIOMMX. BakTepuy IMaTOTeHHBIX IITAMMOB CHH-
Te3UPYIOT TIOJIMCAXapUIHYIO Kalcyiy, CIM3HCTas IOBEPXHOCTH KOTOPOH
3aIMInaeT 6aKTepHaIbHYIO KIETKY OT (harOrUTOB HMMYHHON CHCTEMBI 3apa-
KeHHOTO XUBOTHOTO. IIITaMMEI NMHEBMOKOKKOB MOXHO OTJIMYMTH APYT OT
Jpyra no aHTHUTENaM, IPOAYLIUPYEMBIM XXKUBOTHBIMM B OTBET Ha INOIAJaHHE
B MX OPTaHU3M Pa3IMYHBIX MMOJIMCAXaPHIOB U OEJIKOB COOTBETCTBYIOLIEH JIM-
1M GaxTepuid. IMEHHO IO aHTHTENAM Ha KallCYJIAPHBIE [IOJIMCAXapUIbl pas-
JIAYAIOT MATOTEHHBlE IITaMMel; UX obosnavatoT kak tun I, tun II, tam IIT
" T.1.

ITaToreHHBIE IITAMMBEL, BEIDALIUBAEMBIE HA TBEPAOH NUTATENBHOH Cpene
B n1aboparopuu, oGpa3yloT GiecTsImye Tia/Kde KOJOHUWHK; Takylo Mopdoso-
THIO KOJIOHHA UMCIOT HM3-33 CHHTE3UPYEMBIX GaKTepHsiMH CIH3HCTHIX 000J10-
gex, MHOTHa BO3HHMKAIOT MYTaHTHBIE KJETKH, YTPATHBIIHE CIIOCOGHOCTH
K ¢epMeHTATUBHON aKTHBHOCTH, HeOOXOAMMOM [JIsi CHHTe3a CIM3HCTOR 000-
JOYKA. DTH MyTaHTHpIE KJIETKH 00pa3yloT KOJIOHHHU C IIEPOXOBATOH mOBepx-
HOCTBIO; OHH B OTIIMYHE OT POJUTENBCKHX KJIETOK S 0603HaYarorcsi GyKBOH
R (puc. 4.3). R-iuraMMBl pa3MHOXAIOTCs TaK Xe YCNEIIHO, KaK U LITaMMBI
S, mpHYeM MHOrAa IPOMCXOAST OOpaTHBIE MYTAIlHH, BOCCTAHABIHBAIOIIME
CMocOOHOCTh K CHHTE3Y CIM3HCTOH 000si0ukH. Tl KancynsipHbIX IOJMcaxa-
PHIOB, CHHTE3HPYEMBIX B PEBEPTAHTAaX, BCETAA COBIIAJaeT ¢ THUIOM MOJIHCA-
XapHI0B HCXogHoro pogureisckoro mraMma: IIS @ IIR, IIIS =2 IIIR u T.4.
CrenoBaTenpHO, pa3iniHple R-ITaMMBI HETOXAECTBEHHBI: KaXIbl H3 HHUX
COOTBETCTBYET POOUTENBCKOMY LITaMMy S.

Puc. 4.3. Konounun
HHEBMOKOKKOB, pacTy-
IIM¢ Ha MHTATECIbHOH
cpeae. MajeHbkHe KOJIO-
HHM NPHHAAJICKAT Oak-
TepussM Tuna IIR,

a Gonblme OnecTsinue
KOJIOHHH — TpaHchopMu-
poBanHoMy THmy IIIS.
(Prof. Maclyn McCarty,
Rockfeller University.)
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Bakrepun R-mtamMmoB HenaToreHHol. Korga Ttakve KJeTKM NOINAnaroT
B OPTaHM3M XHBOTHOTO, HAIpUMEDP MBI, TO TaKasi MBIIb OOBMHO NEPEHO-
CHT 3apaXeHHe, BHIpabaThIBas aHTUTENA, Benywue K daronurosy u rubenn
GakxrepruasbHBIX KieTOK. OHMHAKO MBI, 3apaXeHHas OakTepUsMH S-IITaM-
Ma, Heu30eXKHO THOHEeT OT BOCNAJICHUS JIETKHUX, IIOCKOIBKY 3TH OaKTepHH II0-
KpBITHI CHHTE3UPYEMOH HMH CIH3HCTOH obGomnoukod. B 1928 r. ®dpenepux
I"pudduT nokasa, YTo ecam MpIK BBECTH NHEBMOKOKKHM mramma IIR sme-
cre ¢ yOouTeIMu HarpeBaHueM kieTkamd tuma IIIS, To MpIm norubaror or
urbeKHd, KOTOPas, KaK IOKa3pIBAeT BCKPBITHE, BHI3BIBACTCS KJIETKAMH THIIA
ITIS. KoHTponbHbIE IKCIEPUMEHTHI MOKa3aJd, 4TO NOPO3Hb HU HHBEKIUSL
knetok IR, HU MHBeKIHs YOUTHIX Harpesanuem kierok ITIS He BemeT k ru-
6emn mpluteii. ToT dakxr, 4To BRI3BIBalOIMe HHOEKIIUIO KIICTKH CHHTE3HPOBa-
JM CTIM3UCTY0 obosouxy tuna III, a He Tuma II, cBHOeTeNBCTBOBA O TOM,
YTO 3TH KJIETKH HE MOTJHM BO3HHKHYTh B De3yjibTraTe oOpaTHOH MyTarum
B kyerkax mtamma IIR (IIR 2 IIS). I'pudduT npumen x 3aKIOYeHHIO, 4TO
HeraToreHHble kneTkH mramma IR moryr mpancgopmuposamecs B marto-
TeHHble yOHTBIMH HarpeBanHeM kKierkamd ruramma IIIS. Okasaiock, uto
CJIMILIKOM BBICOKAs TeMIlepaTypa pa3pylaeT TpaHchopmupyroumii dakrop,
a CIIMUIKOM HM3Kasi TeMneparypa He Hapyliaer akTHBHOCTH depmeHTa, pas-
pyumatomero rpanchopmupyromuit dbakTop, H, CIEAOBATENHHO, TOXE MO-
nasiser Tpadcdopmarmo. Belio nokazaHo, 4To npu Temuepatype 65°C yxe
mnpekpamaercs dbepMeHTaTUBHas AKTUBHOCTh, HO €INE COXPAHAETCS aKTUB-
HoCTh TpaHchopmupylomero dbakTopa.

Brnocnencrsuu npyrue uceienoBarenu oOHAPYKWIM, YTO TpaHCHOpMAIHii
HENAaTOTeHHbIX WMITAMMOB IIHEBMOKOKK2 B IIATOT€HHBIE MOXET OCYLIeCT-
BIATBCSE M B JabopaTopHOH KynbType KieTOK. M3penxa Bosmukaroiue
TpaHchopMUpPOBaHHbIe KIIETKH JIETKO OTAEIUTh OT HETPaHCHOPMHPOBAHHDIX,
MOCKOJIBKY OHH HE aTTJIIOTHHHPYIOTCS CHIBOPOTKOH, comepikallieil aHTHTENA
npotus kietok Tina IIR. Arrmorurmposasude kinetku IR ocaxnatrorcs
XJIONbSMH Ha IHO KyJIbTYPajJlbHOTO coOCyna, Torma Kak Tparchopmupo-
BAaHHBbIE KJIETKH He CIIMNAIOTCS, a CBOOOINHO pa3sMHOXalTcs, 0o0pa3ys MyrT-
Hy1o cycnersuto xjerok I1IS (puc. 4.4). Pa3suTre Takoro MeToHa BhIIEIEHHS
TpaHCHOPMHUPOBAHHEIX KJIETOK in Vitro («B NPOOUpPKe») najo BaXXHOE IIpe-
HMYILECTBO, IIOCKOIBKY MO3BOJIMIIO MCCIIENOBATh NPHPOLY TpaHchHOPMHPYIO-
mero dakTopa yOuThIX HarpeBaHHeM KjeTok IIIS HemocpencrBeHHO, He
BBOJISL UX MBIIIAM U HE JOXHASCh T'HOENH NOCIEIHHX.

Ocsanpn OBepu, Komun Mak-JIeon u Maknun Mak-KaptH ucno:;ib3oBa-
JM 3TOT METOM IJIsl ONpefielIeHus BEeleCTBa, OTBETCTBEHHOTO 3a TpaHcdop-
MHPYOIIYI0 aKTHUBHOCTh YOUTHIX HarpeBaHuem kietok IIIS. Pesynsrater ux
UCCIe0BaHul, onybimkoBaHHee B 1944 r., moka3sanu, 4To TpaHchopMHEPYIO-
umM daxTopom ciayxdr pe3okcapubonykienHosas kucnora (JHK). Korna
B pacrymyto kyubTypy Kietok IIR no6apnsmu ounmmmenayro JHK mHeBMO-
kokka IIIS, aroro okaselBasloch HOCTATOYHO JJIS TOTO, YTOOBI ¥ HEKOTOPHIX
kierok tuna ITR BO3HHKIA CMOCOOHOCTH CHHTE3UPOBATEH KAIICYJISIPHBIA 1O-
Thcaxapuy, XapakTepHslit ans xierok tuna IIIS. 3atem OBepu u ero coas-
TOpBL MOKa3any, 4To TpaHchopmMupyroimi GakTop MoxeT ObITH pa3pyuieH
depMenramu, pacmersiioumvu JHK (nesokcupubonykneasamu). U3 srux
9KCNIEPUMEHTOB TaKXe CIIeAoBajo, 4TO KIeTkH tuna IR, moiyveHHEBIe B pe-
synbTate Ber3BaHHOH JIHK Tpanchopmanuu u3 xierox IS, moryTr nepena-
BaThb NPHOOPETEHHYIO CIOCOOHOCTh K OUOCHHTE3Y ONPE/IEJIEHROrO M0JIHCcaxa-
puza CBOEMY MOTOMCTBY.

Taxum obpa3om, 370 HOBOe cBolicTBO, NomyueHHoe BmecTe ¢ JJHK npy-



4. I pupoda 2enemuuecko20 mamepuaia
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Benkwu,

9IKCTPArHpOBAH~ JHK w3 xetox

JHK u3 KJeTtoxk urramma IIIS

Konrpons yGHTBIE HbI€ M3 KJIETOK
HarpeBaHHeM s Knelﬁ){; LurammMa wrramma I11S wramma I1IS + IIHKa3a
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PeaynpraTht
HaGNIoeHUA
Knerku wramma IIR

ArTTOTHHUPYIOTCA CLIBOPOTKOM H
OCAKIAOTCA Ha IHO MpOGHPKH

Puc. 4.4. TlocTaHOBKa 3KCIIEpHMEHTA 110 OIpe-
JIETIEHUIO HPHPOABI TPAHCHOPMHUPYIOUIEIO areH-

Ta. AKTUBHbIH $axTop, comepxamuics
B YOMTBIX BBICOKOH TeMIEpaTypoi KIIeTKaX
I1IS, MoxeT ObITh BLIACHCH B YHCTOM BHIAE

TpaHcpopmupoBaHHbIe GAKTEPHH
¢ nmonucaxapupHon 060mn0uKoH
nuaHH LIS He arrnioTHHUpyIOT
H OPONOTDKAKT Pa3MHOXATHCH,
BBI3bIBaA IOMyTHeHHeE Cpefibl

npu (GPaKIHMOHHPOBAHUH COOEPXUMOTO KIIETKH.
Oxasanock, 4To TpaHCHOPMHPYrOLIMM (akTo-
poM sBisieTca Bsiskas HatueHas JJHK nuesmo-
KOKKa.

TOH JIMHUM KJIETOK, CTAHOBUTCS HACJIEINCTBEHHBIM CBOHCTBOM TpaHCchOpMH-
pOBaHHOM KJIETKH, KaK /IO TOT'O OHO OBIJIO HAcCJIENCTBEHHBIM CBOMCTBOM JIH-
HAM, U3 Koropod Oputa nomyseHa JIHK. Crexmyer mnomdepkHyTh, 4TO
xumuaeckuil coctap JJHK copepmieHHO ornudeH oT moJmcaxapuna, o6pa-
3YFOIIETO CIH3UCTYIO O0OJIOUKY, CUHTe3HpyeMyro KieTkamu jmHuM IIIS;
9TO O3HadaeT, 4To TpaHchopMUpPYROmHUA GaKTOp He SBjsSeTCS MOIHCAXapH-
JIOM, BJMSIIOINMM Ha (GEHOTHNHYECKOE IPOSBICHHE CIM3UCTOH 060IOUYKH.
Osepu, Mak-Jleon u Maxk-Kapru BhepBele IOKa3ajid, 4TO HACJEACTBEHHAs
CIOCOOHOCTh  KJIETKM OCYILECTBJIATE ONPEHCTIeHHYI0 GHOCHHTETHYECKYIO
¢dyakIMI0 MOXET NepelaBaThCs APYroil kjierke BMecTe ¢ ounieHno JHK.
DTO OTKPBITHE MOXXHO Ha3BaTh BbLAAIOMUMCY. B JlanbHEAMMX HMCCIIENOBA-
HHUSIX MeXaHH3Ma TpaHchOpMaIMu ObUIO NPONEMOHCTPUPOBAHO, 4TO dpar-
MerTel JJTHK (B ToM uncne copepxaiude reH, OTBETCTBEHHBIHA 3a CHHTE3 IO-
JIACaxapuua) U3 YOWUTBIX BBICOKOH TeMNlepaTypoll KJETOK IOManaroT
B R-KileTkM u mocpencrBoM pekoMOuHanuu Brtodatorcs B ux JHK
(puc. 4.5).

®dyHmaMeHTajbHOe 3HAaYeHHe TOTO OTKPBITHS, OJHAKO, He OBLIO BHOJIHE
OLIEHEHO cpa3y O TpeM NpHYHHAM. Bo-mepBbIX, 3HaHHMSE O XUMHYECKOM
crpykrype JHK ObUIM HENOJNHBIMH H HENPABUJIBHO HHTEPIPETHPOBAJIKCEH:
cuurasnoce, yro JHK —coemuHenne, XMMHYECKH HEOCTATOYHO CJIOKHOOPra-
HH30BaHHOE U1t TOTO, 4TOOBI CO/lepXaTh OTPOMHOE KOJIHYeCTBO MHOpMa-
UM, HEOOXOAMMOH I yNpaBieHHs pPa3BUTHEM DAcTEHWH MIIH KHBOTHBIX.
Bo-BTOpBIX, MHOTHE y4Y€HBIE [1OJIArajiy, YTO XMMHYECKOX OCHOBOH I'€HOB CIly-
®aT OeJIKH, OTHOCHTEIBHO KOTOPHIX OBUIO H3BECTHO, 4TO OHHM YCTPOEHBI
cnoxHo. HakoHel, U3y4eHHe OCHOB HAaCJIENICTBEHHOCTH OakTepuil B 1944 1.
TOJIBKO HAYHHAJIOCh, M eme He ObUIO 4ETKO YCTAHOBJIEHO, YTO OakTepuu
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Puc. 4.5. Tpancdopma- BakTepHansHaA XpOMocoma
mas xieToxk IIR Tpebyer

HPOHUKHOBEHHS B ITH Knerousas
xietkn JHK xjpeTox o6Gonouxa
tuna IIIS u BrIrOYeHHs

JHK B XpoMOCOMBI

xnetok IIR. [leiicTeue

TCHA MPOSBASETCH

B cuHTe3e xietkamu IIR

noJHcaxapuaHoi 06o-

JIOYKH, XaPaKTEPHOU AN

xierox tuma I1IS. Drot

TCH NEPedaeTcs MOTOM-

CTRY, COCTABNIAA HacThb l/ 1is
HACJCACTBCHHOH HHOOP-

Manuu TpaHchopMupo-
BaHHbIX KJeTok IIR.

g

gl

1is

e
IR

C

006/1aal0T T€HAMH, BO BCEX OTHOIICHUSX aHAJIOTMYHBIMHM I€HAM, H3y4YaB-
LIMMCSL Ha BpICIIMX opradusmax. He ObliO TBEpHO YCTAaHOBIEHO, YTO IO-
gBlIeHUe R-KJIETOK W HMX 0OpaTHOE NPeBpallleHHE B S-KJIETKH IPOMCXOJUT
B pe3yiabrare MyTanuid. Moxer 6biTh, JJHK m sBAsercs HaciencTBEHHBIM
BEIIIECTBOM OakTepuil, HO KAKOE€ BELIECTBO UTPAET Ty K€ POJb ¥ BHICHIMX Op-
TaHHU3MOB, JJIS KOTOPBIX M3BECTHO CYIIECTBOBAHHE I'€HOB?

Jna

HykenHOBBIE KUCIOTHI —
HacJIeICTBEHHBIN MaTepuasl BUPDYCOB

Ienerndeckue UcciaenoBanus OaxrepuodaroB Ha4ajdHCh MHOTO pPaHBIIE, 4eM
OakxTepHil (OTYACTH BCJE/ICTBHE MpPOHHUMaTebHOocTH MEnnepa), 1 B 1952 1.
yajoch TOKa3arh, YTO HacJEICTBEHHBIM BemecTBoM dara T2 sBagercs
JAHK. D10 OTKpHITHE OBIIO BCTPEUEHO ¢ OOJIBIIMM BOOJIYIIEBJIEHUEM H IIpU-
BJIEKJIO BHUMaHUe K paboTaM, BRILIOJHEHHHIM Ha MMHEBMOKOKKAX 32 HECKOJIb-
Ko Jer 1o atoro. bakrepuodar T2—onauH U3 Haubolee TIIATENHHO UCCIENO-
BaHHBIX daroB E. coli. Dror supyc cozepxur [JHK, 3akmodennyio
B GenkoByro 000si0uky. B 1952 r. Anbsdpen Xepum 1 Mapra Ueits BpisicHUIA
PONb KaXIOro M3 ITHX JIByX KOMIIOHEHTOB B (HOpMHpPOBAHHHU IIOTOMCTB2
tara.
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7—1215

Jlus Genxomas cocTaBisromas T2 comepXuT cepy (B cocraBe aMHHO-
KHCJIOT METHOHUHA U 1ucteuHa). ®ar T2 pasmHokanyd Ha OaKTepHSX, KYJIb-
THBHPYEMBIX B CPEIE C PAJIHOAKTHBHBIM H30TONOM S, B pe3yJbTATE 4ero
benox ¢dara 6p11 nomeueH 5tuM m3otonoM. Ilo Menbweit mepe 999, Bcero
tdocthopa B dare T2 npuxomurca Ha JHK, ee nomernnu pamuoakTUBHEIM
u3oTonoM >?P. DTH pajgMoakTHBHBIE METKH IO3BOJISUIM TPOCNEAUTL TYTH
6enka u JHK dara T2 npu unadexunn.

NudexnuoHHBIH npolLecc HadMHAETCs C IpuKperieHds dara x Oakre-
puanbHo# Kietke (puc. 4.6). DTOT Tan MOXHO HaOJIHOOATh B 3JIEKTPOHHBINA
MHKPOCKOT ; pe3yJIbTaThl HAOMOAEHUH HOATBEPKAAIOTCS TEM, YTO IIPH IIeH-
TpudyrupoBaHun KIeTOK Ha JaHHOW cramvd HHbekmmu darm, copepxkaiue
kak %S, Tak u 2P, ocaxparorca BMmecte ¢ GakTepusmu. Xepmm u ez 06-
HAPYXHJIH, 4YTO BCKOpe Tocie MHOUIHPOBaHUS OOJIBLIYIO 4ACTh MEYEHHOIO
35S Benka MOXHO OTHENUTh OT DAKTEPUATBHBIX KIETOK, AKTMBHO [1EPEMEITIH-
Basl U BCTPSAXUBAS KYJIBTYPY Ha MeIIajiKe; ONHAKO GONbBIIAS 4aCThL MEYEHHOMH
32p NHK He OTHENAETCS IPH ITOM OT GAKTEPHAJILHBIX KJIETOK, IOCKOIBKY,
BEPOSITHO, OKa3bIBAETCSl B 9TOM BPEMS YK€ BHYTPH HX. YCTPaHEHHE U3 KYJib-
Typbl MYCTbIX OeNnkoBbIX 000j04ek dara, Tak Ha3BIBAEMBIX «TeHEH», He
BJIMSET HA JaJbHEHIMe cOOBITHS: DaKTepHH IM3UPYIOTCS, M U3 HUX BBIXOIHT
noToMcTBO dara TOYHO Tak Xe, Kak B TOM Ciy4ae, KOrAa TEHH OCTAIOTCH
IIPHKPEIVIEHHBIMA K KieTkam (puc. 4.6). W3 3roro onmita Xepmwu n Yeiis
chenand BBIBOI, YTO Jis oOpa3oBanus Konuit dara B 3apaxeHHOHN OakTte-
puanbHOM Kietke cymecTBenra jgumbs JHK pomutensckoro dara, xors ca-
mu koruu conepxkar kak JHK, tak n 6esok. TakuM 06pa3oM, GBIIO BBICKA-
3aHO IIPENOJIOKEHNe, YTO OesIKOBBI KOMIIOHEHT ara JHIIb 3allHiacT
JHK ot pacmemsiroinmx GdepMmeHToB ¥ obecnieunBaer nonajganne JHK
B GaxrepuansHyro kietky, Torna kak JHK npencrasnser coboil cobecreeHHO
BEIIECTBO HACJE/ICTBEHHOCTH.

OxcnepuMeHT Xepmm — Yelt3a CBHASTENIECTBOBAT O BAXHON IeHETHYECKOH
pon JHK. CymecTByroT OBe IPHYUHBI, 10 KOTOPHIM UMEHHO 3TOT IKCIEPU-
MeHT OBIJI cpa3y Ipu3HAH B KadeCTBe PEIIAIOUIEro AOKa3aTebCTBA TEHETH-
yeckoit pomn JJHK, Torma xak skcnepmmeHTh OBepu, Mak-Jleoma u Mak-
Kaptn mo TtpanchopMmanud ITHEBMOKOKKOB He oOpaTHyii Ha ce0s Takoro
BHUMaHHS. Bo-IepBhIX, 9KCIIEPUMEHT ObLI IIOCTaBJeH Ha OakTepuodare, oT-
HOCHTEIbHO KOTOPOTO OBUIO XOPOLIO H3BECTHO, YTO MO XapaKTepy Hacleno-
BaHUs NPH3HAKOB OH aHAJIOTHYEH BBICHIMM Oprauusmam; Ha dare T2 Opino
IPOJEeMOHCTPHPOBAHO CYILIECTBOBAHNE MYTAIMH M, TaK K€ KaK y BBICIIHX
OPraHW3MOB, ONIMCaHa PEKOMOMHALNSA MYTAHTHBIX [€HOB. BO-BTOpBIX, IIPOBO-
quBimecss Mexay 1944 u 1952 ronamu xUMUYecKHe HCCAE/IOBAHUS COCTaBa
JAHK MHOTHX pa3iMYHBIX OPraHM3MOB OIPOBEPIIIH IIMPOKO PACIpOCTpa-
HeHHoe paHee npeacrasicHde o JJHK kak o mpoctom mnosmmepe, B KOTOPOM
OIVH TETPAHYKJICOTHI MHOTOKPAaTHO TIOBTOPSETCS BO BCEX MOIJICKYlax. DTH
rccmenoBaus obHapyxuny, yto JHK obnagaer nocraTouHo#d xuMmyeckoi
CHOXHOCTBIO, YTOOBI CIYXHTh BELIECTBOM HACJIEACTBEHHOCTH.

OmnbITel, IpoBENeHHBIC Ha BUpyce TabayHoi mo3auku (BTM), npsmo mo-
Ka3aJii, 9T0 GeNKd BHpyca He UrparoT T€HETHYECKOW POJIH TP 3apaXKeHHH
pacTeHui. DTO MOCIYXWIO JONOJIHUTENLHBIM aPryMEHTOM B NOJNb3Y TOTO,
YTO HACJEACTBEHHBIM BELIECTBOM BHPYCOB CIYKUT HYKJCHHOBAs KHCJIOTA,
a He OeykoBas cocTaBnstomas. I1ono6HO OONBINMHCTBY BUPYCOB PAacTeHHMH,
BTM (cMm. puc. 1.1) cocronut u3 Oeska u puboHykieuHosoil kuciotsl (PHK).
PHK 1o xumuueckoit cTpyktype 61m3ka k JHK, kak mbl yBuaum B crepyro-
meM pasfene. Kaxgas wactuna supyca cogepxut Monekyny PHK, cocros-
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BpeMs BCTPAXUBAHHMA HA MeLUANKe , MUH
Puc. 46. A. Cxema onbita Xepum — metxort JTHK, ocTtaetcs cBszanHbIM
Yeiisa, moka3sasLIEro, YTO KOMIOHEH- C 3apaXeHHOM XIJICTKOH, Torjga kax Oe-
TOM, OTBETCTBEHHBIM 3a OOpa3oBaHHE 70K (hara, MEYEHHBIH PaJHOAK THBHOH
notomcTsa Gdara T2 B 3apaxenHod da-  cepodt 3°S, MOXeT 6bITh ymaneH ¢ mo-
roM knetke, sBiasercs JHK dara. b. BEPXHOCTH HHOUIHPOBAHHOW KJIETKH;
Cynsby JHK ¢dara T2 MoXxHO mpocsie-  MpH 3TOM HHOEXUMOHHBIA Ipouecc He
JIATh, U3MePAA PaJMOaKTHBHOCTbL. M30- npepBeTCs.

ton dochopa 2P, KOTODPHIA CHYXAT
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O6paloBaHue

Terpanamms I rHBpuaHOTO Sapaxenme
BHpyca NHCIbEB Tabaka
) HR-PHK
INoTomcTBO THIIA S

Puc. 4.7. Paspesienue (merpaganus) 4acTUIl BH- cTunbl. IIpH 3apakeHHH PACTUTENbHBIX KJETOK
pyca tabauno# Mozamxku Ha PHK u Oenxosbie rubpuaabiM parom PHK u 6enox nmoromcrsa
cyosenuuunsl. M3 PHK onHoro mramma ruOpuaHoro ara MONMHOCTBHIO ONPEACHAIOTCH
H OenxoBbIX CyOBEAMHHMII APYroro MoryTt ObITh ero PHK. Oco6ennoctu Genxa rubGpuaHoro
CKOHCTPYUPOBAHbI TMOPHIHbIE BHPYCHBIC 4a- BTM He HaciegyroTCf €ro IOTOMCTBOM.

7*

Iyl NpuMepHo U3 6400 HYKIIEOTHIOB, 3aKJIIOYeHHYI0 B OelKoBy1o 0601104-
ky. benkosasi 0607n04ka cocrour M3 npuMepHo 2130 ogMHAKOBBIX CyObenu-
HHUI, K&XIAas% U3 KOTOPBIX NPenCcTaBiseT coO0f NOMHNEeNnTUAHYIO 1ens U3 158
AMHMHOKHCIIOT, PACIICJIOKEHHBIX B ONpe/eNeHHOH MOCIeNOBaTeNbHOCTH.

CyIIeCcTBYIOT XUMHAYECKHE METOBI, MO3BoJIstoNMe pa3nenurs PHK u Ge-
J10k BUpYyca (puc. 4.7). O6brHO ounineHHsi Npenapar PHK BTM coxpanser
He Gonee 0,1% uHUIMpyIOmER aKTHBHOCTH Ipenapara MHTAKTHOTO (HENo-
BpexueHHoTo) BUpyca. OnHAKo NMPH HAIJISKAINAX YCIOBHAX BUPYC MOXKHO
B J1a00PaTOPHBIX YCIOBUAX PEKOHCTPYHPOBATH U3 CMeCH OYHIIEHHOTO Oeska.
CyowsenuHunsl Genka coepuHstores apyr ¢ npyroM u ¢ PHK, o6pasys un-
TaKTHBIA BHPYC C HOPMAJLHOH CmOCOOHOCTHIO K MHGEKIIHH.

N3BecTHO MHOXecTBO pasHoBrigHocTed BTM, otnmyatommxcs mo kpyry
pACTeHUH-X035€B U MO BHUPYJICHTHOCTH HAa Pa3jMYHBIX DacTeHHsX. Mexay
HUMM CYIIECTBYIOT 3aMeTHHIe pa3NiMydst H B aMUHOKHCJIIOTHOM COCTaBe Oen-
xoB. HanpuMep, B 6enkoBoii o6onouke BTM crannaprHoro mrramMmma orcyr-
CTBYIOT THCTHIHH U METHOHHH, TOTa KaK B BuUpycax mramMa HR 3tu amu-
HOKMCIIOTHI coepXaTcs. BbuM NpozenaHsl 9KCIEPHMEHTHL 110 PEKOHCTPYK-
MM THOpUIHBIX BHpPYCOB M3 oudmeHHoro Oenka HR m ounmmennoit PHK
CTAaHHAPTHOTO tramMa. Takue BUPYChl 06J1aalld HOpMAaNbHON WHGEKIIHOH-
HocThlo. Korma ke 3TMMH BHpycaMH 3apaxaliu pacTeHHs, TO cocTaB OelKo-
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BOH 0D0JIOYKH IIOTOMCTBA TMGPUAHBIX BHPYCOB COBNANAN C COCTABOM Oe-
KOB 1ITamMMa, M3 kotoporo Obuia B3sra PHK. Cocras GenxoBol 0601104ku
THOPHIHOTO BHpYCa He HAcJeqoBaJICs; MOTOMCTBO TAaKMX BHPYCOB HMEJIO
GeKoBBle OOOIIOUKH, COCTAB KOTOPBIX Olpenessyics uckmountensao PHK.
Oxkasanocs, yro numb PHK obnanaer dyHKIUsSMH, HeOOXONHMBIMH 15t Ha-
CJIEICTBEHHOH Ilepenayd 3TOTo Ipu3Haka (puc. 4.7).

HeonpoBepXUMBIM [10OKA3aTEIbCTBOM TOTO, YTO HOCHTEJIEM HACIe-
CTBEHHBIX CBOHCTB BHPYCOB CIYyXAaT MMEHHO HYKJIEMHOBBIE KHCIIOTBI, MOXKHO
CYHTATh AEMOHCTPALI0 MHGOEKIMOHHBIX CBOMCTB OYUINEHHOH HYKJICHHOBOW
kucioTel. Kak yxe ykaseiBanocs, ounmeHHas PHK BTM o6nanaer cna6oii
HH(EKIIMOHHOCTR10. DTOT PaKT CHayana OOBSICHSIIM TEM, YTO B COCTABE OYH-
wenHoro npenapara PHK Morio coxpaHMTBCS HEKOTOpOE KOJNHYECTBO HH-
TaKTHBIX BHUpycoB. O7lHaKO NanbpHEHINME MCCISHOBAHMS TIOKA3aidd, 4TO HH-
dexunorHOCTs npenaparos PHK BTM paspymaercs B pesyisrate obpa-
GOTKH OYHINEHHBIM (GEePMEHTOM IOIKENyIOYHOH XKelle3bl MIIEKONUTAIOIIMX,
HAa3bIBAEMBIM PHOOHYKJIea30H. DTOT HepMEHT THAPONU3YyeT HE3AIMULICHHYO
PHK, HO He BiusfeT Ha MHQEKIIMOHHOCTHL MHTAKTHBIX dactuir BTM. TloHu-
KeHHast criocobHocth K MHMeknuu npenaparos PHK BTM 1o cpasHenuio
¢ MHTAKTHBIMH BHPYCaMH OOBSCHSAETCS OTCYTCTBHEeM OelKoBOil 000I04YKH,
sammmaromet PHK or ruaposmsa. PuboHykiiea3bl pacteHust pa3pyliarot
66pmyto yacts PHK o toro, kak oHH IpoHHKAlOT B Kietky. OpHako Tua-
TeJbHBIE UCCIIEIOBAHHS IIOKA3a/M, YTO ONHA-eIWHCTBeHHas MoJekyna PHK
WHTAaKTHOTO BHUpYCa CNOcOOHA 3apa3uTh PACTHTEIBHYIO KIETKY X NPUBECTH
K 00pa3oBaHHIO MOJHOIEHHBIX yacTur BTM.

Briocnencrsun 6pu10 noka3aHo, uyro oudmenHas JHK HexoTopsix daros,
13 KOTOpPBIX HaubGosiee m3BecTHB $X174 m X, MOXeT 3apaxaTbh OAKTEPHH H
B OTCyTCTBUE OenkoBoit obosouku. CobogusiM Mosekysiam JHK Henerko
TIPOHHKHYThH 4epe3 KJIeTo4yHylo cTeHKy. OnHako, obpabateiBas Gakrtepnu E.
coli ompeneneHHbIM ¢GepMeHTOM, a HMEHHO IH30[UMOM SHYHOTO Oeka,
MOXHO C7leNlaTh HX KJIETOYHYIO CTeHKY NMpoHHIaeMoll. bakTepranibHble KJeT-
KM, CTeHKH KOTOPBIX 00pabOoTaHBl TAKMM CIIOCOOOM, Ha3BIBAOTCH ceponia-
cmamu (u3-3a chepuyeckort GopMBI, KOTOPYrO IpuobpeTaioT GaKTEPHH B pe-
3ysnprare Takod o6paborku). CdepornacTsl He CNOCOOHBI K HOPMAJILHOMY
poCTy, OIHAKO OHH MOTYT ObITh mHGHIUpoBaHb Monekyidamu JJHK, Beime-
JeHHOH U3 daroB $X174 m A, U NPOU3BOOUTH IOJNHOLEHHBIE (aroseie ua-
crunbl. Takue IKCIEpHMEHTHl NoKa3bpiBaloT, yTo umeHHo JHK, a He Oernokx
SIBIIIETCS HACJIE/ICTBEHHBIM MaTepuaioM Oakreprodaros.

Takum 06pa3oM, yxe B pe3yibTaTe HEepBBIX HCCICZOBAaHHH CTaJO $CHO,
4YTO MMEHHO HYKJIEMHOBbBIE KHUCIIOTBI SIBJISIIOTCS HOCHTEJIEM HACJEICTBEHHO-
CTH BO BceX opraHusmax. Hpa TtHna HykieuHoBbIx kucioT—-JHK
1 PHK-BbmonHsaloT reHeTHdYeckre (QYHKIMH BO BCEX IIPOKAPHOTHYECKHX
U 3IyKapHOTHYecKHX KieTkaX. OpHako BHDPYCHl CoAepXaT JHMIObL TOT HIH
HHON THI HYKJIEHHOBBIX KHCIIOT.

XUMHUYECKUHN COCTAaB U CTPOCHUE
HYKJIEUHOBBIX KHUCJIOT

OcHOBHAasi CTPYKTYpHas eWHHIA HYKJIEMHOBBIX KHUCJIOT —Hykteomud. Hy-
KJIEOTHJI COCTOMT M3 TpeX XMMHYECKH Pa3IIWYHBIX YacTed, COeNMHEHHBIX KO-
BaJICHTHBIMH CBsi3siMu (puc. 4.8). TlepBasi 4acTh —3TO COAEPKAILNA IISITh ATO-
MOB yriepona caxap: mesokcupubo3za B JHK u pudosza 8 PHK. Bropas
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4acTh — IyPUHOBOE HIIA IMPHMHIHHOBOE a30THCTOE OCHOBAHME, KOBAJCHTHO
COeIMHEHHOE C EPBBIM ATOMOM yTJlepoJa caxapa, OHO GOPMHPYET CTPYKTY-
py, HasbiBaeMyio HykseosuzoM. JJHK comepxurt IypHHOBBIE OCHOBaHUS —
ageunu (A) 1 ryapui (G)— ¥ MEpUMKIMHOBBIC OCHOBaHuS —uTo3uH (C) U TH-
muH (T); COOTBETCTBYIOMINE HYKJICO3UABI HA3BIBAIOTCSH 0€30KCUAdeHO3UH, de-
30KCcuU2yano3un, desokcuyumuoun u desoxcumumuoun. PHK copepxur te xe
nypuHOBble ocHoBaHAd, YTo U JJHK, a Takke NMpUMHOMH yumo3uH, HO BMe-
CTo TMMHHA B ee cocTaB BxoguT ypamuia (U); coOTBETCTBYIOIIME HYKJIEO-
3MIbI HA3BIBAIOTCA A0CHO3UH, 2YAHO3UH, yumudun W ypuour. Tperblo 4acTh
HykJieotHga cocraBnger docdarras rpynna; docdaTHBlEe I'pynnel coegu-
HSIIOT COCenHAe HYKJIEO3Hbl B IIOJMMEPHYIO LIEHNOYKY I1OCpencTBoM docdo-
JUGHPHBIX CBsi3eHd MeXIy 5-aTOMOM yriiepona OJHOTO caxapa H 3'-aToMOM
yritepoga apyroro (puc. 48,5 u B). HykneotunaMu Ha3bIBAIOTCS HYKJIEO-
3UABI C OOHOM WM HeCKONbKUMHU GochaTHRIMU TrpyIIaMH, IPHCOETUHEHHBI-
mu 3bHpHBIMEH CBA3SMHU K 3'- umH 5'-atoMaMm yriepoxza caxapa. CuHTe3 Hy-
KJIEOTHIOB TPEIIIECTBYET CHHTE3Y HYKJICMHOBBIX KHCJIOT, H COOTBETCTBEHHO
HYKJICOTHIBI SIBJISIOTCS NMPOAYKTAMH XHMHYECKOro WM (hepMEHTATHBHOTO
THAPOJU33a HYKJIEMHOBBIX KHCIIOT.

HyxknenHoBble KMCIIOTBI —3TO O4€HBb [JIMHHBIEC ITOJHMMEpHBIE LETNOYKH, CO-
CTOSIIIME U3 MOHOHYKJIEOTUIOB, CoenquHEeHHBIX 5—3'-hocdhonmabupupimu cBsi-
3smu. UHTakTHAs Monekyna PHK cogepxut ot 100 mo 100000 u Gonee Hy-
kieotunos. MaraktHas monekyna JJHK comepxur B 32BUCHMOCTH OT BHAA
OPTaHU3MOB OT HECKOJIBKHX TBICSY [0 MHOTMX MHIUTMOHOB HYKJICOTHAOB.
B Te Bpemena, xorga OsepH, Mak-Jleoq u Maxk-Kaptu CTaBHIM CBOH JKCIle-
puMeHTHl Ha JIHK IHEBMOKOXKOB, CYMTAaJIOCh, YTO CTPYKTypa MOJEKY]
JHK orHOCHTe/npHO MPOCTa H IIPencTaBiisieT coOOH ONpedeNieHHYI0 TeTpa-
HYKJICOTHIHYIO TOCieA0BaTenbHoCTh, HanpuMep pApCpGpToy, MHOTOKpAT-
HO IIOBTOPEHHYIO, Tak 4To oHa obpasyer nonumep Buzaa (pApCpGpT),. Ta-
KHM 00pa3zoM, kazanock, 4to JHK He oGnamaer CIOXKHOCTBIO, HEOOXOmH-
MOH [Jisi TOTO, YTOOBI CIYXHUTH BELIECTBOM HACJIEACTBEHHOCTH.

TMocnenyronme xuMHYeckre ucciaenoBanus JapuHa Yapradda mo cocrta-
By JHK MHOTHX pa3iMYHBIX OpPraHH3MOB yOenudH HayyHyIO OOIIeCTBeH-
Hocth B TOM, uyto JJHK B nmelicTBHTeNbHOCTH 061a/1aeT CII0XKHOCTHIO, HEOO-
XomuMOH IS mepedauM HaciaenacTBeHHoH wuHbopManud. HMccnenosanus
Yapradda noxazamm, 4To cocras ocHoBanuit B JJHK pa3nuueH y pa3znmdHbIX
BUIOB OPraHW3MOB. DTO HAaOMIONEHHE MCKIIIOYUIIO BO3MOXHOCTB TOTO, 4TO
Bce MoJsekynsl JJHK cocTosT M3 onvHakoBeIX TeTpaHykieoTuioB. Mccaeno-
anust Yapradba BbISBHIA TakKe OJHY 3aMeYaTENbHYIO OCOGEHHOCTH, NpPH-
cymyto BceM mogekyiaaM JHK: MoinsipHoe comepkaHue aJieHHHA PaBHO CO-
JEPXKaHUIO THMHHA, @ MOJSAPDHOE COAepXkaHWe [yaHHHA —COIEPXKAHUIO
IMTO3WHA. DTH PaBeHCTBA HasplBatorcs npapiiiamu Yapradda: [A] =[T],
[G]=[C]; xonnyecTBO MypHHOB PAaBHO KOJMYECTBY MHPHMHIMHOB. B 3aBu-
CHUMOCTH OT BHIOBOM NPUHAISKHOCTH MEHSETCS JIAIIL OTHOIIeHHe ([A] +
+ [TDALG] + [C]) (raba. 4.1).

HaGmonenus Yapradda mnokasanu, uro mosekysna JHK mMoxer Owith
YCTpOEHAa MHOTO CJIOKHEe, YeM MNPEANoNiarajd g0 TOro, NMOCKOJBKY B CO-
OTBETCTBHM C IIOJIyYEHHBIMH MM JaHHbIMH MoJiekyJsl JJHK wMormm
IpencTaBiIsite coOOI caMble pa3IWYHBIE [OCIE0BATEIbHOCTH OCHOBAaHMH.
Bcekope nocsie pabor Yapradhda Yorcon u Kpuk dakxruyeckn nokasanm, 4ro
npasmna Yapradgda He HaKIagplBalOT HAKAKUX OTPaHMYEHHH Ha BO3MOXHOE
YHCJIO Pa3IMYHBIX NOCJIEIOBATEILHOCTEN OCHOBAaHUH, KOTOPBIE MOIYT obOpa-
3oBeIBaTh Molekyisl JHK.
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Puc. 4.8. 4. Hyxneo-
THABI—3TO CIHHHIbI, W3
KOTOpBIX MOCTPOCHBI HY-
KJICHHOBbIE KHCJIOTHL
O6paTuTe BHHMaHHE Ha
HyMEpanuIo aToOMOB
yriepoja W asora B Iy-
PHHOBOM H IHPHMHIH-
HOBOM KOJbHax. ATOMBI
yriaepoaa caxapa Hyme-
PYIOTCS OTAENBHO C HC-
NOJIb30BAHAEM LITPHXO-
BaHHBIX uudp. 5 u B.
O6paTnTe BHHMaHHE HA
CXOACTBO M pa3v4ue
nomaMepos JTHK

u PHK.

Opzanuzayusa u nepedaua 2eHemMu4eck0z0 mamepuaia
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Tadauua 4.1. CocraB ocHoBanuit IHK pasznuuubix opranusMos

CocraB ocHOBaHuil (MOJb %) OTHOLIIEHHE OCHOBaHMH ]\;Aec;;:l;
Opranusmsl
A G o T AT G pypy  AFT
G+C

KHBOTHBIE
Yenopex 30,9 19.9 19,8 294 1,05 1,00 1,04 1,52
OBsna 29,3 214 21,0 28,3 1,03 1,02 1,03 1,36
Kypuna 288 20,5 21,5 29,2 1,02 095 0,97 1,38
Yepenaxa 29,7 22,0 21,3 279 1,05 1,03 1,00 1,31
Jlococe 297 20,8 20,4 29,1 1,02 1,02 1,02 1,43
Mopckoit xpab 473 27 27 473 1,00 1,00 1,00 17,50
Mopckoit ex 328 17,7 17,3 32,1 1,02 1,02 1,02 1,58
Capanya 293 20,5 20,7 29.3 1,00 1,00 1,00 141
Pacrenus
3apoablll MNILEHUIILI 273 22,7 22.8 27,1 1,01 1,00 1,00 1,19
A poxoku 31,3 18,7 17,1 329 0,95 1,09 1,00 1,79
I'pu6 Aspergillus niger 25,0 25,1 25,0 249 1,00 1,00 1,00 1,00
Bakrepnn
Escherichia coli 24,7 26,0 25,7 23,6 1,04 1,01 1,03 0,93
Staphylococcus aureus 30,8 21,0 19,0 29,2 1,05 1,11 1,07 1,50
Clostridium perfringens 36,9 14,0 12,8 36,3 1,01 1,09 1,04 2,70
Brucella abortus 21,0 29,0 28,9 21,1 1,00 1,00 1,00 0,72
Sarcina lutea 134 371 37,1 124 1,08 1,00 1,04 0,35
BakTteprodaru )
T7 260 240 240 260 1,00 1,00 1,00 1,08
A 21,3 28,6 27,2 229 0,92 1,05 1,00 0,79
$X174 (Bupycnast dopma) 246 241 18,5 32,7 0,75 1,30 095 1,34
$X174 (pennmkatuBHas dopma) 26,3 223 223 264 1,00 1,00 1,00 1,18

Ilo Lehninger A.L. (1975). Biochemistry, 2nd ed., Worth Publishers, New York.

Mogaenb crpykTypbl JJTHK Vortcona-Kpuka

B 1953 rony Jdxeitmc Yotcon u ®percic Kprk npemioxkuin MOIeIb CTPYK-
typel JTHK, koTopad ¢ Tex nop MHOIOKpaTHO MHpPOBEpsUIach M I pH3HAHA
NPaBMJIBHOM B LIEJIOM M BO MHOTHMX AeTaxsXx. Mx Monenr ocHOBBIBajachk Ha
YeThIpeX Ipynnax maHHbIX (puc. 4.9):

1. IHK npencrasuset co60ii NOTMMep, COCTOAIIMI U3 HYKJIEOTHIOB, CO-
eNUHEHHBIX 3'-5'-hochonn>GUPHBIMI CBI3IMIL.

2. Cocras mykiaeotunos B JHK nomgumusercs npaswiam Yapradda.

3. Pentrenorpammbl Bojokon JITHK, Brnepsrie noaydenHole Mopucom
VunkuacoMm u Posammanoit @paHKMH, ykase/BarOT Ha TO, YTO MOJEKYNE
obmamaroT cnupanbHOH CTpYKTYpoil M comepxar 0osee OqHON NMOIMHYKIEO-
THOHOH ILIETH.

4. Kucnotro-menoynoe tutposanve Hatusaoi JJTHK nokaseiBaet, uto ee
CTPYKTYpa CTabMIN3NpyeTcs BOAOPONHBIMH CBA3AMH. THTpOBaHHE M Harpe-
Banre HatuBHOH JIHK BBI3HIBAIOT 3aMETHBIE M3MEHEHHUS €€ (DU3MYECKHX
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Puc. 4.9. Habnronenus,
UCTIONIF30BaHHblE YOTCO-
noM u Kpuxkom 1npm mo-
CTPOCHHH MOJE/IU
ctpykTypsl JHK. A.
Hyxeotunsl cBsi3aHb
3'-5"-pochonusbupHpiMu
cBsizamu. b. IlpaBuna
Yapradda. B. Harpesa-
HHUE IIPHBOAUT K M3Me-
HEHUIO (DU3INYECKHX
CBOWCTB HaTHUBHOH
JAHK, Ho He pa3peiBacT
KOBAJICHTHBIE CBA3U
(Prof. Maurice

H.F. Wilkins, Kings
College, London).
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Puc. 4.10. ITapa ocHoBa- H
Hull, cBa3annpix B JHK
BOJIOPOJIHON CBSA3BIO. |

Anenvis obpasyeT mapy H  C -0

¢ THMHHOM HOCPEn- ? C, Ho ~H Allermn
CTBOM [IBYX BOJO- NN |

PONHEIX CBsseif, a rya- Caxap ﬁ H oo N
HUH CBS3aH C IHTO3H- 0O lTI 0l Nc—n
HOM TpeMsl BOJOPOJHBI- Ly /C\N/

MH cBsizgmi. Obpatute \

BHHMaHHE Ha TO, YTO Caxap
BOJOPOHBIMU CBS3AMHU
COENUMHSIOTCS TTyPHHBI | |

(ameHMH ¥ TyaHHH) C TH- H _CL N_

pPUMHAMHAMH (THMHHOM C| ?‘ H 0 r

1 OUTO3HHOM). Bopo- N N I yasun
POJIHBIE CBI3H MHOTO Caxap ﬁ HO_CLU N
cnabee KOBAIEHTHBIX, o) 1}1 i \\C—H
COEIHHSAIOIMUX OT- H_ _Cyq Co/
JIETBHBIC aTOMBI KaX7i0- 1?1 N N

rO HYKIEOTHHA, HO JO- H Caxap

CTaTOYHO CHJIBHBL JUIS
TOTO, 4YTOOBI 0OECIe N Th
crenuprIHocTs 06paszo-
paHus map A—T

u G—C.

CBOICTB, B YaCTHOCTH BA3KOCTH, NMEPEBOIA €€ B «ICHATYPHPOBAHHYIO» (HOp-
MY, TIpH4eM KOBAJICHTHBIE CBA3M HE Pa3pyiiaroTCs.

Yr1obbl 06bgcHUTE 3TH HabnroneHus, Yorcon u Kprk npemionoxui,
4yTO NpuponHas (HatupHas) MoJiekyna JJHK npencrasnser coGoil nse nomu-
MEPHBIE NENH MNOMAPHO COEAMHEHHBIX HYKIEOTHAOB, 3aKPyYeHHBIE B (opme
nBoiinol crimpamy. Cuennenre Mexay IensMH 00ecrednBaeTcss 0COOBIMH BO-
NOPOJRBIMH CBSI3SMH MEXIY AJCHHHOM M THMHHOM M MEXIy [yaHHHOM
n nuTo3uHoM (puc. 4.10). Takoe nomapHoe CONOCTABJICHHE HYKJICOTHUNOB,
npu koTopoM A komiuieMeHtapeH T, a G kommemeHnTapen C, ObLiIO BhIBe-
NIeHO C MOMOIIBIO OCTPOEHHUSI MOJIEKYJISIPHBIX MoJeiell, Ha KOTOPLIX TOYHO
BBHIIEPXKUBAJNMCh BCE MexaTOMHbIE paccTosiHKs. ITocTpoeHue MONEKyIsIpHO
MOJIEJIH THIIOTETHYECKOM NBOWHON CHMpPaiy Takxe NoTpeboBano aHTHIAPAI-
JMEILHOCTH HYKJICOTHIHBIX LEnoYek, Kak 370 wu3o0OpaxeHo Ha puc. 4.11.

IIpennooxenyas crienibUYHOCTE BOMOPOAHBIX CBSA3EH MEXIy aecHIHOM
H TAMHHOM M MEXIYy I'YaHHHOM H HHUTO3HHOM OOBsCHseT HabOmronaBleecs
Yapraddom nocrosacrso oTHoweHMit A/T u G/C B oTpaxaer KOMIIIEMEH-
TApHOCTD Ieriei QBOiHOM cniupand. boiee Toro, mis moboit nocjaenoBaTelb-
HOCTH OCHOBAaHHif BO3MOXHA paBHAas efl 10 JUIMHE KOMILTEMEHTAPHAS I10CIIE-
OBATENBHOCTb, COCTABJSIONAS BTOPYIO IleNib ABOMHON cnupanH. Konkpert-
Hag nocaenorarteasHocTs Tap A—T u G—C moxeT ObITh BEOCHENH(bIYHA
M He BIMSAET Ha CTpykTypy Monekynbl JTHK, obpasyromyro nBoitHyro cnu-
paib. Bo3MoXHOE YHCIIO pa3iHYHBIX MOCIENOBATEIbHOCTER Map OCHOBaHUM
B Montekyite JJHK npaktuyecku 6eckoHeYHO M ciocoOHO KOOMpOBaTh KOJIOC-
CaJlbHOE KOJMYECTBO HH(POPMANUU. DTOT (HakT meraeT OYEHb MPUBIEKATENb-
HOM runote3y o ToM, yto JJHK MOXeT CIyXHUTh BEIIECTBOM HAaCJIEICTBEHHO-
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Puc. 4.11. [Ise nenn ™Mo-
nexyasl JJHK pacnono-
KEHBl «aHTHIAPAJLICITE-
HO», TaK 4TO 5'-KOHEN
ogHOM neny coeauHeH

¢ 3’-KOHIOM IPYTOH.

5'-koHew

Ocb cnupatd

5" .KoHell

CTH I BCeX opraHm3mMoB. M3 Mopenw TakXke cIenyeT, 4To (u3Hdeckas
cTpykTypa HaTHeHOH JTHK Mo0XET cHIBHO M3MEHSTHCS MPH HATPEBAHWH HJIA
TUTPOBAHMH, HE HAPYIAIOMUX KOBAJIEHTHHIX CBS3€H, HO pa3phIBAIOIIMX BO-
JIOpONHbIE CBA3H, TAaK YTO NBE LENH OTACAAOTCA Opyr oT Apyra. Ilpoctpan-
CTBEHHAss M MOJIEKYJIApHAsS MOJENb MpENIoXeHHOH YoTtcoHoM m Kpukom
nsoitHol cnupann JIHK uzobpaxena Ha puc. 4.12. Obpatute BHUMaHHE Ha
TO, YTO IS pa3feyeHus NByX Leneft MM HeoOXONMMO pacILIeCTHCh APYT OT-
HOCHTEJIBHO Npyra.

Monene YotcoHa—Kpruka N03BOJSET IPEACTABATH cebE, KaK MOXET
ynBauBaThbca HaTHBHas Mojekyna JIHK, o6pa3ys nBe onHHAKOBBIC MOYEPHHUE
moutekyibl. ITockomsky nBe nenu JHK kommeMeHTapHBI, Kaxkmas H3 HHX
IIPH pacijIeTaHUHM JBOMHON CpaMM MOXET CIIYXUTh MAaTpHULEH 118 CHHTE3a
HOBOM KoMIlleMeHTapHo# nenu. ITocenoBaTeIbHOCT OCHOBAHMI BO BHOBB
CHHTE3UpYeMOH LienH OYAET onpeneasThes crelubHUKOi BOMOPOIHBIX CBsA3eH
MeXly OCHOBAHMSAMM IeNIN-Ia0I0Ha U BHOBb 0Opasyemoii nenu (puc. 4.13).
TaxuMm obpa3om, reHeTHyeckass HHHOPMAIHS, CONSPKABIIAACT B MOCIENOBa-
TeTBHOCTH Nap OCHOBaHMH PONMTEIBCKOH MOJEKYJIBl, OyeT HOJHOCTBIO BO-
CIpOM3BENCHA B NIByX NOYEPHHX MOJEKyinax. bonee Toro, ecim B mpomecce
ynsoenus JJHK npounsonnna ommnbka 1 kakoi-To HyKJIEOTH BO BHOBbL 00pa-
3yeMOH LENH BBINIAJ MM OKa3ajJcs HEKOMIUIEMEHTAPDHBIM HCXOMHOMY, TO
9TO MOXET M3MEHHTH HHGOPMANMOHHOE CONEPKAHME MOJCKYJBL, HPHYEM
MOXHO OXMIaTh, YTO 3Ta olmmbka OyneT mepenaHa JOYEPHHM MOJEKYjam
AHK B crenyronmx nokojeHHsX. Takas 3aMeHa NMapbl HYKJICOTHAOB MOXET
obianate cBOHCTBAMHM T€HeTHYSCKMX MyTtammi. Takum obpaszoM, Moaelb
cTpyktypel JTHK Vortcona u Kpuka oObsicHseT kKak crnocoOHOCTH I€HOB
K CaMOYNBOCHHIO (periMKanuH), Tak M WX HMHOOPMALMOHHBIC CBOWCTBA.
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Puc. 4.12. IIpocTpan-
CTBEHHAsi MOJEJb MOJIe-
kyasl JHK; Buana 3a-
KPYYEHHOCTh Tielel npyr
OTHOCHTEJIBHO JpyTa.
OO6paTuTe BHUMaHHE HA
IJIOTHYRO YIIAKOBKY Map
OCHOBaHUH B BOWHOM
CIIUpaIH.

Masbii
KeJIOBOK

bonsiuon
KEJTOOOK

ITpoBepka Monenn YotcoHa - Kpuka

Monens nsoitnoit cnmpann JTHK 6s11a npenioxena B 1953 r. n 3HAaMeHOBa-
jJa pOXICHUE HOBOM HAyKM—MOJEKYJApHOH Onojoruu. OmHAaKo IHPOILIO
NATh JIET, NPEXIE YeM ObLIM NOJyYeHbl HepBble yOennTeNnbHBIE KCIIEPUMEH-
TaNbHbIE NMOATBEPXKACHUS Monenu YorTcoHa —Kpuka B paborax Mateio Me-
sesicona 1 ®pankanHa Ctans. B oTux skcnepuMeHTax ObLIO NOKAa3aHO, YTO
B TOYHOM COOTBETCTBHH C IIpefckazanusamMu Monema permkands JHK npo-
HCXOIUT NOAYKOHCep8amueHo: Kaxnas noyepHsas Mojiekyna JIHK cocrout us
OIHOH HHTAaKTHON (KOHCEPBATHBHON) IIETH, IIOJYYEHHOH OT pPOIUTEILCKOM
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Puc. 4.13. Ilpennoxen- Pomurensckasn Aee T ‘%POH}{TC.HBCKZUI

Hast Yorconom u Kpu-
KOM MOk PEILIMKa-
UMM ABOMHOH CIMpaH

JHK.

Posmrensckan

TlouepHsst Houepuss

Pom1renbckasn

JIBOMHOH CHHpaJId, ¥ OJHOM BHOBbL CHHTE3MpOBaHHOM nenu. C aApyroi cro-
POHBI, MOXHO IIPEACTABUTHL cebe TMIIOTETHYECKHE MEXAHHW3MEl DPEILJIMKALUN
JHK, koTopble He Npe/ICKa3biBArOTCS MOJEABIO JIBOMHO# crimpai, a MMEeH-
HO: 1) KOHCEpBATUBHBIA CcrOCOO pelIMKANKK, NPA KOTOPOM POAMTENbCKAS
JHK nonHocThIO coxpaHsieTcs, a godepHHe Mojekyabl JIHK mnommocteio
CHHTE3MPYIOTCS 3aHOBO, M 2) JMCHEPCHBIH c1ocod, pr KOTOpoM 0be nouep-
Hue Mosekyansl JJHK cuHTE3MpyroTcs 3aHOBO, a POAMTENLCKAsT MOJIEKYJIa
pacnajsaeTcs Ha HYKJIEOTHJBI, KOTOPbIE MOTIYT BXOJWTH MM HE BXOJUTH
B COCTaB JIOYEPHUX MOJIEKYIL
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Baktepun B TeyeHne
MHOIHX NOKOJICHH
BbIPALUKBAIOT Ha
cpege ¢ '°N

Uszsneyenuy o n3 knerok JHK cMelmBaiot
¢ pactsopom CsCl (motHoCTh & 1,7)
W IOMEWAWT B UEeHTpUDYTY

[epeHoc InutensHas mHK y6auus
Bepeny ¢ 4N Ha cpepe ¢ '4 N
p p

Jlokanuzauua:

Henrpudyrabie nerkoi JHK

Mosexynbt JIHK
npobupKu

OCTaHABJIMBAKTCA
B Tex MecTax

\ npobupkH, rue
MX ILTOTHOCTb
paBHA IUTOTHOCTH
pactsopa CsCl

V4N SN-rubpuanoir IHK

PacrBop ueHTpHYrupy T
C OYEHb BbICOKOH CKOPOCTBIO troxenoit JHK

B TeYEHHE HECKOJbKMX JHEH ’——fﬁ

e
Bonee pbicoxas koHuentpauus CsCl
y ana MpOBGHPKH — pe3ynbTar
l | OCAXJICHHA €0 MOJIEKY
~ — = T
- i —
Jlokanuzaiuio JHK B o>
ueHTprdyxHON mpobupke
MOXHO ONPENENUTD
1o AOITIOILCHHIO YbIpa- £~
¢JuoneToBBIX NyYen.
ITHK mornowaet
HATyYeHHe C JUTKHOH
BONHbI 260 HM

Iepen nepenocom Crycrs oqeo nokonenne  Yepes asa

B cpeay ¢ 14N nocne nepesoca MOKOJIEHHA MocTie
nepexoca
Puc. 4.14. Pasnencaune monexyn JHK ¢ pas- TeABHBIE 3Tallbl 3KCIepUMeHTa Mesencona
JIMYHOH TMOTHOCTBIO MOCPEACTBOM LEHTpUudyrH-  u Crans, I0Ka3aBIIEro IOJYyKOHCEpBAaTHBHBIMA
pOBaHHs B IPaJHEHTE MIOTHOCTH XJOPHCTOIO mexann3M pennukaunn JHK E. coli.

ne3ds. CxeMarnyecku M300paxeHbl Nocnenosa-
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YrobBl ONpenesuTh, KakUM u3 3TuX crnocobop pemmnupyercs JTHK.
HAI0 YMeTh OTJMYATH JOYEPHHE MOJIEKYJbl OT DPOAMTEIbCKHX. MeseycoH
n Cranp Belpanmsanu E. coli Ha cpene, comepXkareil B KaueCTBe MCTOYHHKA
azora ‘SN. Taxkensii u3oton azora ‘N pkmouancs s coctas JHK u ciy-
KW MeTKOH. {11 TOro 4ToGbl MOMETHTH K30TOMOM '°N MpakTHYECKH BCIO
6aktepuanbHyo JHK, mocTaToyHO BeCTH KyJILTUBHPOBAHHE Ha TAaKOM cpele
B TeYeHHE ABEHANUATH IOKOJeHHH. MoJiekynbl, comepxanme N, MoxHO
OTJIMYHATL OT MOJIEKYJI, coAepxkanmx Ooyee Nerkuii, oOBIYHBIA H30TON, IO
mnotHOCTH, Tak kak y JHK ¢ '°N macca omnoro mykiaeotnaa 6ojblie, yeM
y obmunoit THK. Monekynet JJHK ¢ pa3nuuHO# MIOTHOCTBIO MOIyT GHITBH
pa3snesieHbl HEHTPHGYrHPOBaHHUEM B TPaIHEHTE IJIOTHOCTH XJIOPHCTOIO IIe-
3ust (puc. 4.14). B mpomnecce nentpucdyruposanus mosekyasl JHK cobu-
paroTcs B TOM CJIog, B KOTOPOM IIJTIOTHOCTh PacTBOpa paBHA uX coOCTBeHHOH
mnotaoctd. JJHK knetox E. coli, BEIpalieHHBIX HA cpene, comepxkarieii 15N,
uMeeT mnotHocTs 1,724 rfem®, Torma xax JTHK KneTok, BBIpAmCHHBIX HA
o610 cpene ¢ m3oTonom 4N, nmeeT mwiotHOCTh 1,710 r/em®. CMech 3THX
nByx Tunos JTHK nerko pasnmesnsiercs Ipu ueHTpHDYTHpOBaHUK MO TUIOTHO-
ctd (puc. 4.14).

AHayorvell, WUIFOCTPUPYIOWEH NPHHOUN HEHTPHPYrHpOBaHUS B rpa-
IUEHTEe MIOTHOCTH, MOXET CIYXHTh NOTPYXKeHHe NMoABomHOH nomkxm. Pery-
JIMpYsl KOJMYECTBO BOABI B OaJNIaCTHHIX TaHkaXx (6akax), MOABOIHAS JIOJKA
MOJET 3aBHCATh HA XejaaeMoi riIyOHHe, IVIOTHOCTh BOABI HA KOTOPO#H paBHa
cpenHelt MIOTHOCTH noaBomuoit jJoaku. Eciu HabpaTk B TaHkH OoJiblile BO-
IbI, BBITECHHB COOTBETCTBYIOIlee KOJIMYECTBO BO3IyXa, TO MJIOTHOCTb MOI-
BOJHOW JIOOKH yBEJIWYHBAETCH, U OHA IOrpyXaercs, Momanas B cion OoJiee
X0J0AHOH Bonbl ¢ Oonbloel IUIOTHOCTBIO. Koraa IJIOTHOCTH BOJABI OKa3bl-
BaeTCs paBHOH INIOTHOCTH MOABOAHOM JIONKH, JOJKA CHOBA 3aBHCAcT HA HO-
BOi riyOuHeE.

B skcnepumente Mesencona u Crans KJIETKH, B T€YEHHE MHOTHX IOKO-
JIeHyil KyJIbTHBUpyeMBle Ha cpene ¢ SN, 6bIcTpo mepeHOCHIM B CpeAy, Co-
nepxapuiyto 1*N. Uepes ompenencHHbiE MPOMEXYTKH BPEMEHH OTOHpAIH
mpoObl pacTywell KyJIbTYpbl M B KaxmoW M3 HHUX OINpPEHeNsUI ILUIOTHOCTH
JHK. PesynbTaTh! npenctasieHbl Ha puc. 4.15. [Tocne nepBoro aeseHus xa
cpene ¢ “N mnorrocts JHK xymoTyphl 6blia IPOMEXYTOUHOH MEXIy
[**N] OHK u ['*N] OHK. INocne Broporo nenenus Ha cpene ¢ N moso-
BHHa KJIeTok umedna Jerkyro JJHK, a Bropas nojosnHa—Ty e, 4To U B IIpe-
JBbLIyIIEM Tokosennn (mpomexytounyro). [Tocne Tperbero meneHus Ha cpene
¢ N 3/4 THK wumeno mnotHOCTh, pasHyto mnotHoctr [1*N] IHK u 1/4
COXPAHMIA MPOMEXYTOYHYIO IUIOTHOCTh, COOTHOIIEHHE MEXIY YHCIOM Te-
Hepanuil u pacnpeneneHueM miotHoctd JJHK B ToMHOCTH COOTBETCTBOBAIO
[IOJIyKOHCEPBATHBHOMY THIIYy peIUIMKAalMH, IPEACKa3bIBAEMOMY MOMAECIILIO
Vorcona—Kprka (puc. 4.15).

Kpome Ttoro, monens mnpenckassiBaia, uro JHK ¢ npomexyrounoit
NJIOTHOCTBIO HOJIKHA NPENCTaBIAThE co00¥ rubpHIHYIO MBOHHYIO CHHPAJb,
OJHA M3 HENeil KOTOpOi COMepXHT TOJLKO TSXKENbIH M30TOom azota (N13)
a nppyras—TojpKo yerkuif. Mesencon u Crans varpesann JJHK mpomexy-
TOYHOH IUIOTHOCTH B TeueHue 30 MuH npu Temnepatype 100°C, 4To, Kak yxe
ObLI0 M3BECTHO, M3MeEHseT (puU3MUeckue CBOIMCTBA MOJIEKYJBI, He pa3pbIBas
KOBaJICHTHBIX CBsi3deH, ¥ 0OHAPYXUJIM, YTO OHA IIpeBpaniaeTCs B ABE paBHBIE
no o6vemy ¢pakmuu JHK ¢ paszubiMu miordoctsmu. [InoTHOCTE oqHOM U3
¢dpaxumit, 06pa3oBaBmIMXCS B Pe3yIbTaTe HarpeBaHHs, COBIanajsa ¢ IUIOT-
Hocthio Tskenoit JJHK, a npyroii—c mnotHocThio Jerkoit [IHK (puc. 4.15).
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Hanpasnienne ocaxmenus
Bo3spacranne nnotHocTs

LA LaN_ISN SN

Hcxonuas J\
KynsTypac'®N

Crycta onHo i / \ W
noxonenue xa ' * N

il b % % %
VAVVANENNAY
IS\ X % % %

Kouuentpaus JTHK

/

o

Henenatypu - lletaTypHpOBaHHAs fjeyarypanus HArpeBaHHEM PHBOMMT K paCIEIVIEHHIO
pOBAHHAA HalFSPeBﬂH"eM asyxienouedHor JHK Ha otmensHbie uerm
['SN} IHK \[ N] IHK /\
2 1 +
= €HATy pHPOBAHHAs HATI pEBaHHEM
§ ru6punnas JTHK
b
=
=
S | Oenatypu-
~ poBaiHas IenaTy pUpoBaHHas HarpeBaHUEM
HarpepaHrem [ N] OHK
[I4N] HH
ITnoTHOCTL
Puc. 4.15. A. Pacnpenencnue ILLIOTHOCTH MOJIE- n3obpaxeHsl pa3HbiM LBeTOM. B. HarpeBanue
kyn NHK, nabmonabsiieecs MesenacoHoM JHK npomexyTouno#l IUIOTHOCTH HpeBpaluaet
n CraneMm mocne NMEpeHeceHUs PacTylUuX KJle- ee B oxnouenoueunyro JJHK, conepxamyro nse
TOK E. coli n3 Tskeno cpenbi B nerkyio. b. ¢dhpaxiuy, MIOTHOCTh OJHOH U3 KOTOPBIX COBIfa-
CxemaTuyeckas MHTEPIPETAIHS Pe3yIbTaToB, maeT ¢ IrotHocThro Harperoit JHK, meuenno#n
npenctaBiaeHnbix Ha A. JIHK, meuennas ‘>N, 15N, a apyroii —MeuenHoi *N,

n BHOBbL cuHTesupyemas JHK, umeromas 4N,
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N3 3toro 6vLn0 cnenaHo 3akiprodeHue, yro JHK npomexytoyHOi NMIoTHO-
CTH, 06pasyroliasdcs nocje NepBoro NENCHUs B JIETKON cpelle, MpeacTaBaseT
cob6oif TUOPUIHYI0 MOJIEKYJY, COCTOSIUYIO H3 OHHOH pONMTENbCKOH IENH,
conepxaiieil TOJNBKO TsDKeNblif H30TON a301a, U APYTOH, BHOBL CHHTE3UPO-
BaHHOW MOYepHEH IenH, KaK 3TO IpefcKasbiBaeT MOJEb Y oTcoHa - Kpuka.

AHaJIOTHYHBIE KCHEPUMEHTHI MPOAENbIBAIN ¢ perummmupyromeiicas JTHK
MHOXECTBA Pa3/IMYHbIX IPOKAPHOTHYECKHX H 3YKAPHOTHYECKHX OPraHHM3MOB,
M KaXIbIit pa3 oka3blBaiock, YyTo JHK perunupyercs NolyKOHCEPBATUBHO.
OxcnepuMeHTH Mesencona —Crand OblIM NepBBIM J0Ka3aTeJILCTBOM CIIpa-
BeMIMBOCTH MoJenu Yortcona—Kpuka. B Hacrosmee BpeMss MOXHO C yBe-
PEHHOCTBIO CKa3aTh, 4YTO OCHOBHBIE MONOXKEHHUs 3TOH Monenu ybeIuTe/bHO
IIOATBEPKIEHH M CTPYKTypa ABOMHOHR cIHpajH Jierja B OCHOBY COBpEMeEH-
HO#l TEeHETHKH.

Pa3nmynbie ¢opMbl OpraHu3aliiu
nsyxuenoveynon JTHK

IMuonepckas pabota Vunkunca 1 PpaHKJIMH Mokasana, yto Moiekyiasl J[HK
MOTYT AaBaTh pa3z/IMYHYIO NUPPAKNMOHHYIO KAPTUHY B PEHTICHOBCKHX JIy-
9ax B 3aBHCHMOCTH OT COICPXAHUS BoABI M cojled. Momelb, mpeiioxXeHHas
Votrconom n KpHKOM, COOTBEICTBOBAJia 3HAYECHHUSM NAPAMETPOB CTPYK-
TypBbl, HOJIY4EHHBIM Ha OCHOBE PEHTTEHOTIPaMMbl TakK Ha3lbIBaeMoi B-hopmel
JHK, m3obpaxennoit Ha puc. 4.9. Monens B-popmel THK, npencrasnen-
Has Ha pHc. 4.12, xapakTepusyercd MJIOCKONAPasJIebHEIM PACHOJI0KEHHEM
Ilap HyKJEOTHIHBIX OCHOBaHMi BHYTpH IBoHHOM chimpanu. IInockoctn ocHo-
BaHMi MOYTH TIEPIICHAMKYJISPHBI OCH CIMPAJIA W OTCTOAT APYT OT ApYTa Ha
34 A. DT0it MOBTOPSIOWICHCS ENMHHIE COOTBETCTBYIOT SIPKHE MEPHIHO-
HaJbHLIE IYTH B BepXHEH H HIDKHEH 4acTsX PEHTTEHOTPaMMBI, M306paxeH-
HOM Ha pHc. 4.9. lmaMeTp ciupanu NOYTH B ToyHOCTH paseH 20 A, a cocen-
HHUE Napbl HYKJIEOTHIHBIX OCHOBAHMII MOBEPHYTHI APYT OTHOCHTEIBHO ApYyra
Ha 36°. B pesy;ipTaTe Ha OAMH BUTOK CHOHMpAJIM NPUXOANTCS AECSTh Nap OCHO-
paHuil. Ha pucyHke m3o6paxena cnupalb ¢ NpPaBuIM HANpaBICHHEM Bpalle-
Husi. PenrreHorpamma JJHK, omunako, He maet mH(popMamumm, HOCTATOYHOU
Il TOTO, YTOOBI CyNMTh, SBISECTCA CUMpaib NpaBod wWad jesoil. Ilpu mo-
cTpoeHnd croeit Monenn YorcoH n Kpuk Beibpajm HaupapieHue BpallleHHs
TMPOH3BOJILHO.

Bce BO3MoOXHOE pasHOOOpa3zue CTPYKTYP [BYXHEMOYEYHBIX MOJIEKYJI
JHK crano sicHBIM OTHOCHTEJIbHO HEIABHO B DPe3yJbTaTe IKCIECPHMEHTOB
II0 KpUCTAJUIN3alliM TOMOTEHHBIX NByXIenoyeunbix ommromMepos JHK, mo-
JIy4aeMBIX MOCPEACTBOM XMMHYECKOTO CcHHTe3a. Judpakuuonuble peHTICHOB-
CKHMe KapTHHBI, nojydyeHHble Ha Takux kpuctauax JHK, 6onee yerku, yem
nojy4aemele Ha npupomHoit [JTHK, u nossonsior ompeneauts ¢ GoJbmoit
TOYHOCTBIO MOJIOKEHHUS OTHACIBHBIX aTOMOB. DTH HCCiIeNoBaHUs 0OHAPYKH-
JIM, YTO KaK MPaBo-, TAK ¥ JIEBO3AKPYYeHHAS NBYXnenoyeynas cmmpais JHK
MOXET CyLIECTBOBATh B HECKOJIBKHX MOJH(bHUKANUSX, XapaKTEPU3yEeMBIX pa3-
JIYHBIMK 3HAYEHHSIMH riapaMeTpoB (Tabil. 4.2). Tun coupain onpenessercs
CBONCTBAMH PAacTBOPHUTENS W TMOCJIENOBATEILHOCTBIO HYKJIEOTHIIOB.

CamokomiieMenTapubii TerpaMep JHK tuma CGCG (5'-xoHen Bcerma
IHIIeTCs ciieBa) obpalyer NpH KPHCTAJUIM3ANHUY JICBO3AKPYYCHHYIO NBYXIIE-
MOYEYHYIO CTPYKTYpy, noJsyyusiyro Ha3Banue Z-JIHK u3-3a 3ursaroobpas-
HOro xapakrepa ¢ochomnmapupuoro kapkaca. HampoTus, caMOKOMILJIEMEH-



4. Ta6auna 4.2. CtpyktypHele ¢popmel JHK

®opma

A B C VA
Crnnpans ITpaBas IIpaBas INpasas JleBas
Yuciao nap OCHOBAaHHI B OFHOM 10,7 10,0 93 12
BUTKE CIIHPAIH
Yron Mexay COCeAHUMHM IapamH +33,6 +36,0 +38,6 —-30°
OCHOBaHHH
Pacctosume Mexny cocepHumH mna- 23 A 34 A 30A 38 A
paMH OCHOBaHUH
Vron HaxJIOHA OCHOBaHHMI K OCH +19° —1,2° —6° —-9°
CIIM paIn
duaMeTp cnupayd (MpHOIN3UTEIBHO) 23 A 20 A 19 A 18 A

Puc. 4.16. ITpocrpancTBenHple Monen JeBo3akpyuennoit Z-dopmer JHK u npa-
BO3aKkpyueHHON B-popMel. (Prof. Alexander Rich, Massachusetts Institute of

Technology.)
8—121
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Puc. 4.17. IlonuTeHHBIE XPOMOCOMEI I pO30- TPacTHOM MHMKpOckolle. b. dayopecueHTHas
¢duapl, o6paboTannble GIyOpPECICHTHBIMH aAHTH- MHKpOo¢oTOrpadusi TOro xe mpernapata, Ha KO-
Tenamu, cesasbipatomuMucs ¢ Z-JIHK. A4. ITone- TOpPOH CBETJBIE NOJIOCH! YKA3bIBAIOT JIOKAJIN3a-
pevHasi MCYCPYCHHOCTh NOIMTEHHBIX XPOMOCOM unto Z-JAHK. (Prof. Alexander Rich,

Ha doTorpadun, coenanHoi B $Ha3oBo-koH- Massachusetts Institute of Technology.)

8%

tapueii qonekamep CGCGAATTCGCG xpucTanausyeTcs B (GhopMe mpago-
3aKpYYeHHOM [NByXieno4yeyHoil crmupann B-popmer, xoTst 3TOT momekamep
coaepxuT Ha oboHX cBOHX KoHHax nociaenoBarensHocTh CGCG, koTopas
cama 1o cebe kpuctammmsyercs B Z-popme. 1 ne popmel [THK m3obpa-
KEHBI 1S CPaBHEHHUS pAnoOM Ha puc. 4.16.

Uccnenosanns ctpykrypsl nojumepa (CG), B pacTBope Nokasaid, 4To
3Ta MOJEKYJa MOXET CYIeCTBOBAaTh B OMHOW H3 [BYX aJbTCPHATHBHBIX
¢opM, a nMeHHO B mpaBoft B-popme mnu nepol Z-popme. DT nBe GOpMEI
HNepexonAT APYr B apyra IPH HW3MEHEHMH HOHHOM CHJBI pacTBOPa WM Ka-
THOHOB, HeHTpaIM3ylomMX OTPHUIATEAbHBIM 3apsn Ha GdochonuagupHoM
kapkace. ITpupomusie monekyasl JJHK B ocHOBHOM cymiecTByrOT B Npapoit
B-¢opme, ecim oHH He conepxar nocienosatenasnocteil tna (GC),. Onnako
eclH TaKHe NOCIeNoBaTeNbHOCTH BXonAT B cocras JHK, 1o 3TH yyacTkm
HPH COOTBETCTBYIOIMX YCJAOBHSX MOTYT NEPEXOIuTh B Z-bopMy. Boamox-
HOCTBb TaKOIO INEpPexoa yKa3blBaeT Ha TO, YTO ABE M B ABOMHON cnupain
JHK waxomarcst "B IMHAMHYECKOM COCTOSHMH M MOTYT DPACKPYYMBATHCS
JPYT OTHOCHUTENBHO apyra, nepexons U3 npasBoil ¢opMbl B JieByr0 U Haobo-
pot. ScHo, yt0 Monekyapr JJHK mis 3Toro mosmxHBI OBITH JOBOJABHO Ja-
OMJIBHBI M NOMyCKaTh KOH(OPMAIMOHHBIE IPEBpAlUCHNI. BHOJIOTrHYecKHe
ciencTBus Tako#t nabunpHoctH cTpyKTyphl JHK moka He BrojdHe MOHSATHBL
Crnenmpuunsie k Z-JJHK anTrTena pearupyroT ¢ OnpenejeHHBIMH yYacTKa-
MH THTAaHTCKUX XPOMOCOM KJIETOK CJIFOHHBIX )XeJle3 APOo30(hWJbl, YTO CBHIE-
TeascTBYET 0 ToM, uto JIHK B XpoMocomax cymectByeT B obeux ¢opmax
(puc. 4.17).
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Opraum3anusa JIHK B xpomocomax

Monekynet JTHK B 3ykaproTHYECKHX XpOMOCOMAax OYeHb BenUKH. JinuHa
Mosiekyn JHK, BbImeneHHBIX W3 KIeTOK Apo3oduibl, nocturaetr 1,2 cm,
H TIPUHATO CYATATh, YTO KaXnad 3YKapHOTHYECKass XPOMOCOMa CONEPKHUT
ONHY-eIMHCTBEHHYI0 HenpeppiBuyro Mousekyny JHK. VnakoBka Ttakux
OTPOMHBIX MOJIEKYJ B sinpax KJIETOK SBJISETCS OCHOBHOMN (PyHKIHEH THCTO-
HOB, O€JIKOB, XapaKTEpPHBIX MMEHHO [Jif 3YKapHOTHYECCKUX KJIETOK.
OcHOBHasT CTPYKTYpHAs €AMHANA 3YKAPHOTHIECKOH KJIETKH—-3TO HYKAeo-
coma (puc. 4.18). Hykneocoma comepXHT NHO OBe MOJEKYJNBI KaxXIOTOo H3
geTbIpex ructoHos, H2A, H2B, H3 u H4, coenuneHHbIX B hopMe OkTamepa.
Kaxnpni oxkTamep cBsizaH C NOCIHENOBATENBHOCTRIO W3 npumepHo 200 my-
KJICOTHIHBIX nap anvHoit okono 700 A. TouyHoe B3aMMHOE pPACHOJIOKECHHE

Puc. 4.18. DnexTpoHHas MHKpodoTorpadus 3ykapHOTHYECKOTO XPOMAaTHHA, Ha KO-
TOpO#t BHIOHBI HYKIICOCOMBI, COCMUHEHHBIE TsDKaMu co csobommoit JHK. (Dr. Jack
D. Griffith, University of North Carolina at Chapel Hill.)
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Puc. 4.19. Cxematnye-
ckoe H3oOpaxeHHe
y4acTKa COJICHOMIA; Lie-
HOYKa HYKIEOCOM
(chepsl), xaxgas U3 xo-
Topoit o6motana JJHK,
obpa3yeT BHHTOBYIO JH-
HHIO.

~100 A

rucroHa u JTHK B HykneocoMe HeusBecTHO, HO cuuTtaeTes, 4To JHK kakum-
To 06pazoM HaMaTLIBAaeTCs HA OKTAaMEPHI rHcTona. Hykneocoma umeer nua-
Metp okomo 100 A, u Ttakum obpasom JTHK B mykneocome momkHa OBHITBH
cJloxeHa IpUMepHo BceMepo. [pyroit ructoH, H1, obecneunBaer cBsA3p Me-
X1y HYKJIEOCOMaMH, TOCIeN0BATEIBHOCTE KOTOPLIX 00pa3syeT nonobue BuH-
Ta (puc. 4.19). [luaMeTp 3TOr0 BUHTA (HA3BIBAEMOTO CO4EHOUOOM) COCTA-
BIIsleT 1o omHUM oueHkaMm okono 300 A, nmo apyrumM-—oxono 500 A. Drto
pas3nuyue, BepPosATHO, 0OYCIOBICHO TEM, YTO IUIS MPUTOTOBICHUS 3IEKTPOH-
HO-MHKPOCKONHYECKUX MpENapaToB MCHOJb30BANM pasHble MeToasl. Ecim
IpUHATL TUaMETP cosieHouxa pasHbiM 300 A, To ynakopka MOCenOBaTesIb-
HOCTH HYKJEOCOM B (GOpME COJECHOMNA NaeT HOMOJHHTEIBHOES YMEHbIICHUE
JIMHEHHBIX Pa3MEPOB CTPYKTYPHI B IeJIOM enle B 6 pa3. B unTepdasHex xpo-
MOCOMAX CaM COJICHOHM[ 3aKpYY€H BUHTOM, 06pa3ys P 3TOM MOITyIo TpyOKy
nuametrpoM okotio 2000A, uto taeT ovuepeHOE COKPAIICHHE JIHHEHHBIX pa3Me-
poe conmepxauiett THK ctpyktypel eme npumepHo B 18 pas (puc. 4.20).

ITepexon ot wuHTepdasHOH XpoMOCOMBI K MeTaha3HOH XpOMATHIE,
BEPOSATHO, CBA3AH C €UIE ONHUM AHANOTHYHLIM 3aKPYYMBAHHEM TEMEPh YK€
TpyOku muameTpom B 2000 A B BUHTOBYIO CTPYKTYPY AHMAMETPOM OKOJIO
6000 A (puc. 4.20). Dta 06mas cxema opraumsanuud [JHK B gapax kieTok
UTHOPHUPYET PA3jIMYus B CTENEHN CIHPAIM3AUUH, KOTOPbie MOYTH HABEpPHSKA
CYLIECTBYEOT MEXAy TEMH YY44cTKaMH XpOMOCOM, KOTODBIE YYacTBYIOT
B cuaTe3e PHK u penmukanun JJHK, u TemH, koTopele B 3THX mpomeccax He
yyacteytor. KpoMme TOro, rerepoxpoMaTvHOBBIC YYacTKH XPOMOCOM Goliee
KOMIIaKTHBI, YeM 3yXxpoMaTHHOBBIE. B mrobom cnysae ITHK B smpax ayka-
PHOTHYECKHX KJIETOK 00pa3yeT HepapXHYeCKyHO CHUCTEMY CIHpaieid, OCHOB-
HOU enuMHuuell KOTOpPOH sBIsSETCH HYKJIEOocoMa.

XpOMOCOMBI TPOKAPHOTHHECKHX KJIETOK IIPENCTABISAIOT c0b0f  KoJib-
nesbie Mostekynsl JTHK; y E. coli nnmna konema coctasiaser 107 A, T.e.
0k0J10 1 MM. DTa OrpOMHOI JUIMHBI KOJBIEBAs] HUTh NMOMEUIACTCS B KJIETKE



]2000/&

N a
6000 A

2000 A

MeTadasa

Bup cboky

Puc. 4.20. IlpocTpancTBEHHbIE MOJENIH HHTEp-
dasnoit ¥ MeTadaszHOH IyKApUOTHYECKOH Xpo-
MOCOMBL. A. CxemaTuueckoe H300pa)KeHHe BHH-
TOBBIX CTPYKTYp, HAUMHAS OT ABOHHON crpann
Votcona - Kpuka nuametpom 20 A; nanee Hy-
xieocoma—100 A, conenoun—300 A, Tpy6-
ka—2000 A u, HakoHer, MeTadaszHast XpoMaTH-
na—6000 A. b. IlpocTpaHCTBEHHAss MOJENb
IBYX TMOCJICAHHX YpOoBHEH OpraHM3amHM MeTa-
da3HOi XpoMaTHbl, CACIAHHAA U3 IIPOBOJIOKH.
Tonyaiituue Oenble NONEpPEeYHbIe JIUHHU HA IIpO-
BoJioke (ykasaHpl Oeyioil cTpenkoif) mpexpcrta-
BJISAIOT ABOWHYIQ CIMPAJIb Yorcona - Kpuka
muameTpoMm 20 A, Genas 4epra ykaspiBaer jua-
meTp cosenouna (300 A), yepHasi— nquamerp

Tpy6xu (2000 A). B. Mogenr metadaszHoit xpo-
MOCOMBI B MEHBLIEM MaciuTade, YeM Ha

b (1epuas 4yepTa mo-pexuemy o6o03HavaeT
2000 A). Touuaiine Genple JTHHUM (CreBa) 03-
HA4al0T MOC/IENOBATEILHOCTh HYKJIEOCOM JiMa-
meTpom 100 A, 3akpydeHHylo B COJIEHOMI fHa-
meTpoM 300 A; nocienHue YypOBHH HEpapXHH —
Tpybka nametpom 2000 A ¥ XpomaTH-
na—6000 A. YyacTox Tpy6kd AMamMeTpoM

2000 A B cepenuHe pHUCyHKa—2TO LIEHTpOMepa,
cOoefMHSIOWAs ABa IJIe4a METALCHTPUYECcKOi
xpoMocoMmsl. [Sedat J., Manuelidis L. (1979).
Cold Spring Harbor Symp. Quant. Biol., 42,
346.]
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Puc. 4.21. DnexTpounas MHKpodoTorpadus paspymenHoi ximerkd. ITpenapar mpu-
FOTOBJIEH TakUM 00Opa3oM, UTO BUIHBI «Oycel», obpasyemble coenuHennem JHK
¢ Genxom. [Griffith J.D. (1976). Proc. Natl. Acad. Sci. USA, 73, 563.]

mHON mams 2-10* A npu muameTpe okono 8-10% A. CiemosateibHo,
JAHK MOXET CyumecTBOBAaTh B KJICTKE JIHINIL B BHLICOKOYNOPSOOYEHHOM (KOH-
JICHCHPOBAHHOM) COCTOSHHH. XOTS B HIPOKAPHOTHYECKHX KJIETKaX HeT OeJKoB
TECTOHOB, B HAX TEM HE MeHee COAepKaTcs HEKOTophle Oesky, obpasyroume
rkomruiekcel ¢ JJHK. I1pH 3,1€KTPOHHOR MUKPOCKONIHY Pa3pyIICHHBIX Ollpene-
JICHHBIM 00pa3om kjeTok E. coli moxuo suneth, yto JJHK cobpana B «by-
CHHBI», 110 BEJIMYKMHE OYeHb OJIM3KHME HyKieocoMaM aykapuot (puc. 4.21). Otu
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OycHHBI OYeHb JAOHJIBbHBL, YTO YKa3biBACT Ha TO, 4YTO B3aUMojelicTBHE Me-
xny IJHK u Genkamu B knerkax E. coli MHOro cnabee, uem mexny JHK
U THCTOHAMM 3YKapHOT. XapakTep HePapXHuecKoi KOHICHCAIMA XPOMOCOMBI
E. coli He BIIOJNHE MOHATEH, HO XPOMOCOMA B 1I€JIOM MOXET ObITh BbIIEIeHA
B BUIE KOMIAKTHOH CTPYKTYpbl, Ha3blBaeMOH HYKJICOHIOM.

He Bcs JHK sykapHOTHYeCKHX KJIETOK HAXOMMTCS B sIpax KIETOK.
MuToxoHnpun u HenubdepeHIMpoBaHHbIE XJIOPOILIACTH PACTeHHI, Tak Ha-
3BIBaeMble MJACTHIBL, MPEACTABISIOT c000H caMOpeILTHIMPYOIMeCs Opra-
HeJUIBl U comepXaT coOCTBeHHBIE KoibleBble Monekyabl JJTHK. 3t mone-
KyJIbl OY€HBb HEBEJIMKH ¥ KOAUPYIOT OF PAHUYCHHOE KOJMYECTBO MHGPOPMALINH,
HeoOX0MUMOM IS OCYHIECTBJIEHUs opraHeiaMi ux ¢ynknuit. Tak xe kak
U XPOMOCOMBI IPOKAPUOT, OHH HE CBS3aHBI ¢ THCTOHAMH H 00pa3yioT BHYT-
PH OpraHesn HYKIJIEOWIbI.

OobOuine ocodbedHoctu pernukanmu JJTHK

Hartupnble mosekynsl JJHK oueHb BemwMkH M NpH 3KCTPAaKNHMHA M3 KJETOK
0OBIYHO pa3phIBAIOTCS B pe3ynbTaTe Qusnyeckux UM GpepMEHTATHBHBIX BO3-
nefictBuit, MesencoH U Crajib B CBOMX DJKCIIEPHMEHTax MO PEMIMKALUH
IHK E. coli uMenn nemno co cpaBHHTEJFHO Hebonbplmmu ¢(parMeHTaMu
JAHK, ¥ monydYeHHble MMH pe3yJbTAaThl OTHOCATCS TOIBKO K COCTOSIHUIO
AHK, npenmrectBoBaBImeMy pelllIMKanMu U Nocie Hee. [lonnas pennmukanus
xpomocomsbl E. coli Buepsble nabmaronanace JxoHoMm Kefipucom. On paspa-
6oTan MeToi O4YeHb MSTKOTO paspymeHus kieTok E. coli. B pesynbrate
KeiipHcy ynanoch BbIAECJHTb MHTAKTHBIE XpoMOcOMBl E. coli 1 TOMETUTH HX
panroakTHBHBIM *H-THMUIHHOM. MedeHble XpOMOCOMBI aKKypPaTHO IIEPEHO-
CHJIM M3 pacTBOpa Ha TBEPAYIO MOBEPXHOCTb, KOTOpPAs 3aTEM MOKphbIBANach
B TeMHOTe ¢ororpaduyeckoii 3MynbcHell 1 B TeUCHHE HECKOJILKHMX HEIEb
IKCIIOHUPOBaJlachb. B 3TO BpeMs 3JEKTPOHBI, HCIyCKaeMble PpaqMOaKTHB-
ot JJHK, BoIzbiBas 06pa3osaHue 3eped cepebpa B POTOIMYJILCUH BIOID
monekyn JHK. Tlocnenyiomas o6paboTka SMYIBCHM [AET paduodsmo-
2pagp XpOMOCOMBI, HA KOTOPOM IENoYKa 3epeH cepebpa OTCIEKUBACT
koHbopMmanuio Mosekynsl JJHK. ITpumenenne Metoma pamwoaBTorpaduu
TIpHBENIO MpeXne Bcero K ycranosleHmio Toro ¢akra, uro JHK E.
coli umeer kombuesyro ¢opmy (puc. 4.22). BnocaencrBum ObUi0 IOKa3aHo,
40 Takyio ke ¢opmy umeer JHK Bcex NpoOKapHOTHYECKHX OPraHU3MOB,
a TaxKe BHPYCOB H OpraHeill 3yKapHOTHYECKUX OPraHM3MOB.

B macrosmee Bpems s Mosekyn JIHK u3BeCTHBI Tpu OCHOBHBIE KOH-
dopManMl H COOTBEICTBEHHO TPH OCHOBHBIX cocoba pennukanuu. Koib-
neBsle Monekyiisl [THK, Hanpumep pemnmmnmpyromascs dopma JHK dara
JIAMOa, MOTYT PeITMIHPOBATECS CHOCOOOM, 0OHApYXKEHHBIM Ha DaIHOaB-
torpadax xpomocoM E. coli. Penmukanus Koibueoil Monekynel JIHK na-
YMHAETCS B ONpENEICHHON TOYKe KONbia W MPHBOTUT K OOpa3oBaHUIO
«B3AYTHUS», PACHIMPSAIOLIETOCS B NBYX HAlpaBieHUSX BIOJIb XPOMOCOMBI IO
Mepe pemmkanuu (puc. 4.22). OtoT cnoco6 perumkanuu JHK Bener
K 0Opa30BaHHIO NMPOMEXYTOUHOH CTPYKTYPbI, HAIOMHHAIOILEH TIPEYECKYIO
6ykBy 0. Tera-TUn peIUIMKAIMU IPeBpallaeT PONUTENLCKYIO KOJBIEBYIO XPO-
MOCOMY B JB€ JOYEpHHE KOJbIIEBbIE XPOMOCOMEI, B KXKIONW H3 KOTOPBIX CO-
XpaHsieTcsl ogHa U3 1eneil ponuTenbekoit Monekynsl JHK, a Bropas nemnb
3aHOBO CHHTE3UPYETCA.

Kak MBI yBUIMM B nafbHeifilieM, )XKH3HEHHBI [IUKJI HEKOTOPBIX OpraHu3-
MoB TpeOyeT INpeBpamieHHsl KOJIBIEBOH XPOMOCOMBI B JHHelHyIo. Takoe
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Puc. 4.22. A. PaguoaBTorpag uenoit xpomo-
comnl E. coli, medenHoit H3-TumumuHOM.

B GoJpIIyIO 9acTh KOJBICBOH XPOMOCOMSEI Clie-
nUHYecKas UMIYJIbCHAS METKa BKJIFOYAETCH
cnabo. Y4YacTku ¢ BBICOKOH cremmduyeckoit ak-
THBHOCTBIO yKa3aHbl cTpeakamu. OHH COOTBET-
CTBYIOT MECTY OKOHYAHHS PEIIMKALMHA MOJIE-
xynn JJHK (cnepa BHH3Y) ¥ Hayally HOBOTO
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OUKJIA PEILTMKALAN (CBepxy crpaBa). [Rodriguez
R. L., Dalbey M.S., Davern C.1. (1973). J. Mol.
Biol., 74, 599.] B. Hauano cuntesa pomuTesb-
ckoit IHK npH permukanuu Gaxrepuodara
nmsmbaa mo Teta-triy. (Dr. David Dressler and
Dr. John Wolsfson, Harvard University.) B.
CxeMa [BYHAIIPABJICHHOR pENUIMKANMU KOJbIE-
Bod mouekyim JHK.
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Puc. 4.23. A. DniexTpoH-
Hasg MHKpodoTorpadus
JHK 6axrtepnodara
n1aM6ia B mepuos CHH-
Te3a JIMHEHHOH podep-
Hell MOJIEKYIbI IIpU pe-
IUIMKALHH 110 CHrma-TH-
ny. [Kiger J.A., Jr.,
Sinsheimer R. L. (1971).
Proc. Natl. Acad. Sci.
USA, 68, 112.] b. Cxe-
ma perkamuu JJHK
cUrma-THIa.
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Puc. 4.24. A. Pennunu-
pyromascs JHK Dro-
sophila melanogaster.
O6paTdTe BHHMaHHE Ha
MHOXECTBO «B3LYTHI»,
COOTBETCTBYFOILIHX
y4acTKaM PpeIIHKalHH
JHK. Hzobpaxern ¢par-
ment JHK, cocrogmmui
nu3 119000 nap nykieo-
THOOB H BKJIFOYAKOIINH
23 B3gyTtus (pasmsoe-
Hus). MacuitabHas wep-
TOYKA COOTBETCTBYET
JUTHHE TOCJIeI0BATEIBHO-
ctu 5000 map HyKJIEOTH-
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nos. [Kriegstein H.J.,
Hogness D.S. (1974).
Proc. Natl. Acad. Sci.

USA 71, 135.] B. Cxe-
Ma JBYHAIpaBJIEHHOK
pEIUIHKAIMK JIHHEeHHOH

mousekynsl JJTHK.
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IIpeBpallleHie NPOUCXOAUT HpH apyroM Tune pemmkanunu JHK, n3sectHom
MO HA3BaHHEM CHrMa-Tuna (0T rpedeckoil OyKBBI O) MM «KaTALLErocs
koublay. Curma-pervinkalnns HauyuHaeTcsl ¢ pas3pbiBa GochoausPupHO cBsl-
31 B OIHOH M3 IIENEH pOAUTENIbCKOMW KOJIBLIEBOM MOJIEKYJIBI, B PE3YJIbTATE Ye-
ro no obe CTOpoHBI pa3pbia obpasyrotes «romsle» 3'-OH- u 5-PO,-koHIBL
3aTeM KOMIUIEMEHTapHas KOJIbLIEBas Ielib CIYXUAT MaTpuledl Ui CuHTe3a
HOBOM 11eN1H, KOBAJIEHTHO TipukperieHHoN k 3'-OH-xonny pazopBaHHOH po-
nutenbekoil nemm. [To mepe Toro kak HoBas nenb Hapaumsaercs Ha 3-OH-
koHrne, 5-PO -koHeln TOH Xe LIENH cMEIAeTces1, 00pasys «XBOCT» KOJbLA. 3a-
TeM HAUMHAETCS CHHTE3 IEIH, KOMIJIEMEHTApHOH 3TOMy XBOCTY (puc. 4.23).
ITpn TakoM cnocobe permInKaluy OPOMeXyTOYHAsS CTPYKTypa mMeeT hopmy
OykBbI «curMan. [To Mepe HPONOIIKEHUS PEIJINKALAN KOJNbIIEBAsT PONUTENb-
CKasi MOJIEKYJIA HPEBPAIITACTCS B ABE JOUEPHUAE MOJIEKYJIbl, OTHA U3 KOTOPBIX
KOJIblIEBasl, a npyras—IuHedHas. Curma-peliMkalds sBJIAETCS HeoOxo-
JAMBIM 3TalloM XKH3HEHHOTO LHKJIA HEKOTOPHIX GakTepnodaros, B 4acTHO-
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cTd mam6na 1 $X174. DTOT TUN pEMIMKAIIMA UMEET MeCTO HpPH HOJOBOM
KOHBIOranuu OakTepuil ¥ BCTPEYAETCS B OOTEHE3Ee HEKOTOPHIX 3yKapuOTHHE-
CKHUX OPraHH3MOB.

XpOMOCOMBI HEKOTOPBIX BHPYCOB H BCEX 3YKAPHOTHYECKHX OPraHH3MOB
conepxat JuHeHHple Molekyybl JIHK. Penukanus JMHeHHBIX MOJekys Ha-
YHHAETCS B ONPECIICHHBIX TOYKAX ¢ 0Opa30BaHMs PEMIMKANMOHHBIX B31y-
THH. B HeOonbmux Monekynax JJHK BHpycoB peryMkanus MoXXeT HAYNHATbh-
¢ ¢ omuo# Touky. B Gosbimmx morekynax JHK, obpasyromux xpoMocombl
9YKapHOT, UHOrA HACYATBHIBAKOTCA COTHH TOYEK WHHIMALMM PETLIMKALMH
(puc. 4.24). Iloce 06pa3oBanusi B3OYTHA OHO HAYHMHAET YBEJIHYMBATHCA HO
Mepe pacnpocTpaHeHHs nponecca permkamua JHK B 06oux HanpaBieHHsX
OT TOYKH mAMIMANMA. 110 Xoxy mponecca cocemHue B3AYTHS MOTYT CIHBATH-
Cf, 4 KOTJa B3AyTHE AOCTHraeT KOHIA MOJIEKYJbI, 00pa3yeTcss XapakTepHas
MPOMEXYTOUHAs Y-o0pa3Has koHburypamus. Korna pemakanus 3akaH4i-
BaeTCA, U3 OOHOM JNHHEHHOW POAUTENLCKOH MOJIEKYJIBI 00pa3yIoTcs ABE JH-
HeHHbIe AO4EPHHME, KaXaas U3 KOTOPBIX, TaK XK€ Kak U POAUTENIbCKass, TIpea-
cTaBiseT co0oll MBOHHYHO CHpaib.

IIponecc permmukanui JJHK drpaer xiaroueByro poib B Nepeaade Hachaen-
CTBEHHOH HHGOpMAIUK, 3alIHCAaHHOR B TIOCIENOBATEILHOCTH Hap OCHOBaHMUi
ot ponutenabckod Monekyisl [JHK nouepuum monexymam JJHK, ot pomu-
TEJIbCKHX COMATHYECKUX KJIETOK —TOYEPHAM COMATHYECKMM KJIeTKaM H, Ha-
KOHEIl, OT POAMTEIBCKOrO OPraHH3Ma —HOTOMKAM.
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Ho passoxasaT 1/100, 1/100 u 1/50, mo 0,2 ma
CYCHIEH3WH M3 HOCIIeAHETO DPa3BeicHHs BbI-
CEBAIOT HA MOBEPXHOCTHL Tpex vamrek [leTpu
¢ arapusoBaHHOH cpenoll. Ilocie wunkyba-
MM HA STHX dYalukaX mossuioch 105, 84
4 98 GakTepuanbHbX kosoHuH. KakoBa Obi-
JIa NpUMEpHAs KOHIeHTpauus OakTepmii
B HUCXOOHOU KyJIbType?

Ty Xe MCXOQHYIO KYJIbTYpY, pa3pencH-
Hylo HocienosaTesbHo 1/100, MI/IO,
Ha"ocaT 0o 0,2 MJI Ha HOBEPXHOCTh TPeX
yamek Iletpu, 3acesHHbix ¢arom T2. Ha
yamikax Bbipocao 40, 25 u 30 xonoHuil.
KakoBa 4dacTOoTa BO3HHMKHOBEHHS YCTOH-
guBbIXx k (ary T2 OGaxkTepuit B HCXOMHOMH
 KynbType?
© 4.2, Kakosbl 6bl1H OBl pe3yibTAThI JKC-
nepuMenToB Mesesbcona u CTams, ecu Obl
JAHK pennunuposaiach KOHCEPBATUBHO?
A ecnu gucrepcHoO?

4.3. Hekotopele JAHK-daru, nanpumep
¢X174, comepxar OAHY KOJBLEBYIO MOJe-
kyny JAHK. Kaxos, mo Bamemy MHEHHIO,
MeXaHW3M pellIHKandd ux reHoma? Boiie-
neanas u3 dara JJHK cnocobra 3apaxatsb
cieponnactsl E. coli; onHako pa3pblB fgaxe
onnoit pochonuspupnoit ceazm B JHK ne-
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KiroueBrie coBa ¥ NOHATHSA

AyxcoTpod ITpaBuso Hapradda

Bonopoanas cBs3b IIpoToTpod

TucTon PanuoasTorpadus

JBoiHas co¥paib Penymkxanus curma-tuna

JAHK Pennukanus TeTa-THHA

Komonus PHK

HeratupHas kos1oHus (6sImka) Tpauchopmanus

Hyxkneosun docponuddupnas cBA3b

Hyxneoun OxkcrnepuMeHT Mezenbcona—Crans
Hyxkneocoma OkcnepuMeHT Xepiuu — Yeitsa

Hyxneotun B-popma JHK

OcHoBanue Z-popma JHK

IMonykoHCEpBAaTHBHAS pEILTHKAIUS

3anayun
“4.1. Cycnensuio 6akTepuil Hocen0BaTENb- 30KcHpHOOHYKIIea30i  (depMeHT, paciie-

IUISIOMIMHA Takde CBA3M) JIMILACT MOJIEKYJLY
AHK wmadeknuonnoctu. Monekyasr JJHK
TOro xe (ara, BbIAeJICHHbiE U3 UHDHIHPO-
BAHHBIX KJIETOK, HAMHOT'O YCTOMYHBEE K fe-
3okcupubonykicase. [Touemy?

4.4. Cunternueckuit nomumep dA/dT (d
0603HavYaeT Ae30KCUpHUBO3y)—3TO AByXIIE-
oYevyHass MOJIEKYJla, Yy KoTopo#t opHa
nenb—poly-dA, a BTopas—poly-dT; on xa-
PaKTEPU3YETCS OHpENcIeHHOR memnepamy-
poti naasaenun (Ty,). ITO TemmepaTtypa, OpH
KOTOpOH HOJIOBHHA HYKJICOTHAOB CYIIE-
CTBYET B JByXIeloueuHo#t dopme, a moyo-~
BHHA—-B oxHonenoveunoi. Temmepartypa
nnaBiaeHns poly-dA/dT =mxe, uyeM poly-
dG/dC. Kak Bbl ayMmaere, mouemy? Boc-
HOJIb30BABIIUCh NTAHHBIMH, HpHBEACHHBIMHI
B Tabn. 4.1, oueHUTE OTHOCHTENILHBIE 3HAa-
geHun Ty, nna JIHK uwenoseka, E. coli
U Sarcina lutea.

“4.5) B paifone Hcclen0BaTENbCKON CTAH-
1uH FOXHOTO NOMI0Ca yrajl METEOPHT THIA
YTOJIbHOTO XOHApHTa. C €ro HOBEPXHOCTH
BBLAEJICHBI BUpPYC, Ha3BaHHBIA Z1, H €ro Xo-
3suH. [lponymaiiTe HOCTAaHOBKY OJKCHEpH-
MEHT4, HO3BOJIAIOWIETO OHPEAENUTb, YTO
ABJIAETCS HACJIEACTBEHHBIM BemecTBoM Zl1,
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Puc. 4.25. PesynbraThl
JKcrepHMeHTa Mesen-
cona —Crans

Mepen nepesocoM  UYepes ofiHo nokosenue

B cpeay ¢ '*N

6enox umu JJHK. TIpoaymaiite Bo3MOXHBIE
pe3yabTaThl JKCIEPHMEHTA B OOOHX CJIy-
qasx.

4.6. YcTaHOBIIEHO, 9TO Hacjen-
CTBEHHBIM BEIIECTBOM BHUpyca Z1 U ero xo-
3suHa sBiseTes JHK. [Ins onpenesnenus

Hacpegec ' ' N

Yepes nBa
0KOIeHHA
pocta Ha cpene ¢ ' 4N

cnoco6a penymkanun JHK xiaeTox xo3suna
OBl TTOCTABIEH JKCIEPMMEHT THma Meses-
coHa—Crans. Pe3ynapTatbl 3KCHepUMEHTA
npeacTasieHp! Ha puc. 4.25. Kakos cnoco6
peruukanuu?



[ esom
AYKAPUOT

I'en—3T0 PyHKNMOHANLHAA eauHUNa, 4acTb Monekydasl JHK. IMomHoe omnu-
CaHUE CTPYKTYPbl U OPraHU3allMd T€HOB KAKOro-Tudo OpraHu3Ma Noapasy-
MEBAeT ONHCaHUE TocjenopaTenabHocTH Hykjaeotunos B JJHK storo opra-
Hu3Ma. OjHako onWcaHWe TOJHOH HOCIenoBaTeIbHOCTH HYKICOTHAOB
B Moyekynax JHK naxe menpuyaiittix BUPYCOB COCTABIACT KOJOCCATBHYO
npo6ieMy, HpaKTHYECKH Hepaspemumyro s monekyn JAHK Boiciiux opra-
HU3MOB. [IefICTBUTENBHO, CYMIECTBYIOIIEE Y BCeX BHIOB OPraHM3MOB I'eHETH-
yeckoe pasHoOoOpasue CBHACTEILCTBYET O TOM, YTO HM OJHA HOCIEen0BaTEIb-
HOCTb HYKJICOTHAOB B I€HOME He ABJIAETCS YHUKAJIbHOH W WHBapUAHTHOMR
Ui Beex ocobeit suna. I'enoM E. coli cocTouT npumepHo u3 3,2- 10° mykme-
OTHHBIX TAap (H.1mw.). SICHO, YTO Jaxe AJs TAaKOro HeQOJbINOro TeHOMa, Kak
E. coli, BO3MOXHO OrpOMHOE KOJMYECTBO PA3JIMYHBIX HYKJICOTHIHBIX HOCIE-
noBaTenbHOCTeR. [l kaxpol HYKIEOTHAHOM Tapbl CYHIECTBYIOT YEThIpE
Bo3MoxHOCTH (AT, TA, GC, CG), u, cenoBaTeIbHO, YHCIO BO3MOXHBIX HY-
KJIECOTHIHBIX MocienoBaTennHocTeli B reHoTHne E. coli coctaBmseT 4>210° =
= 1019319 Yycno BO3MOXHBIX TOCIEROBATENBHOCTeH B momekyne JIHK
YeJIOBEKa, OYEBUAHO, MHOTO 00Jbiuie 3TOro orpoMuoro uucia. Conepxkanue
JHK B ramionmaoM reHoMe HEKOTOPBIX JYKApPHOTHYECKMX OPraHHU3MOB
npencTaBicHO Ha puc. 5.1. Yucna Ha 1mkalle MOKa3blBalOT, BO CKOJIBKO pas
komyecTBo JAHK mnpesbimiaer komuuectso JHK B renome E. coli.

N3 cka3aHHOro BbILIE CTAHOBHTCA SICHO, MOYEMY OOJIbIIAs YacTh COBpE-
MEHHBIX 3HaHUH O reHeTuueckoil opranusanuu JHK ocHoBana Ha ecenemuue-
CKOM auaau3e,, a HE Ha XMMHYECKOM aHAJIM3€ HOCJIETOBATENIbHOCTEH HYKJIe-
otunoB B JJHK. I'eHetnueckuil aHaIM3 MO3BOJAET COCTABIATH HOAPOOHBIE
MOJIe N {KapThl) FeHETHYECKOH OpraHW3alu XpoMocoM. JIs MHOrux opra-
HH3MOB 0Ka3aJIoOCh BO3MOXHBIM OY€Hb TOYHOE COHOCTABJICHHME TAKUX TeHE-
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Puc. 5.1. OTtHOCHTENB-
Hoe koiuyecTBo JIHK
B ramiougHoM Habope
KJIETOK Pa3jiH4YHBIX Op-
raHd3MoB. 3a eTHHHIY
IIPHHATO COMOEPXKAHHE
JHK B renome E. coli
(3,2-10% HyKIEOTHOHEIX
nap). (J. D. Watson,
Molecular Biology of
the Gene, 3rd ed.,
W.A. Benjamin, Menlo
Park, Calif., 1976.)

Opeanuzayus u hepedayd 2eHemuueckozo mamepuaid

[To3BOHOYHEIE
Amphiuma (yrpeBuoHas amduyma)

Protopterus (j1BoAKOMpINALAS Pm

/

Tritutus (TPHTOH)
Necturus (nporeit )x\w B

Rana (narymika)

Bufo (xaba) \
Carcharias (akymna)

Homo (qenonex))\'
Canis (coBaka)

Fquus (rouamp) =
Mus (Mbiun)

Cyprinus (kaprx)
Gallus ( nukas Kypuia)
Eucinostomus (pbiba)

Alligator (annurarowv_j/ +

B ecno3BoHouHbBIE
Plagusia (xpa6)
Echinometra (MOpPCKO# €X)
Tectrius (ynuTKa) -

Cassiopeia (mefy3a)
Drosoph il (IWTonosas MyILKa}

Eschericha coli —\

R
=
o
A

Bricume pacreHus

Lilium longiflorum
T Tradescantia ohioensis

2 Vicia faba

Vicia pannonica

Vicia grandiflora

Anemone tetrasepala

10*

Anemone blanda

Anemone parviflora

--10° Lea mays

Lupinus albus

/— Aquilegia

- 102

- 10
\ TpuGbI (ranyiousp!)
) — Ustilago maydis

-Neurospora crassa

Aspergillus nidulans

Saccharomyces cerevisiae
(TpoXoKH)

THYECKHX KapT ¢ du3udeckoil opranmsamuert JJHK B COOTBETCTBYIOIIMX Xpo-
MmocoMax. OCHOBBI TAaKOro TeHETHYECKOrO aHAJK3a ObUIM  3aJI0KEHEI
Mennenem (ri. 2). HabGnronapieecss MeHnaeneM He3aBHCHMOE pacipenesie-
HHUE ajUleied OTBeYaeT PACIOJIONKEHHIO COOTBETCTBYIOIIMX T'€HOB B PA3HBIX
XPOMOCOMAX H, CIIEAOBATEIbHO, B pa3HbIXx moJjekyiax JIHK. B atoit riase
OIHMCBIBAETCS IIPUMEHEHHE TEHEeTHYECKOTO AHAIM3a K H3YYeHHIO TeHEeTHde-
ckoil opranuszanuu JIHK oTaenbHBIX XpOMOCOM.

MeTonbI TEHETHYIECKOTO AHATM3A PA3BUBAINCH NPIMEHHUTEILHO K T€HETH-
K€ JUIUIOUAHBIX 3YKapHOTHYECKHX OPraHu3MoB. ITOCKOJIBKY 3TH METObI
pa3paboTaHbl UCXOHO AJIA OPraHU3MOB, KM3HEHHBIH IUKJ KOTOPBIX BKITO-
9aeT MeHO3, TO HMEHHO JI1 TAKWX OPraHW3MOB OHH W H3JATAIOTCSA B ITOM
raaBe. B mocrnenyroumx riaBax Mbl YBHAMM, KaK METOAOJIOTHs aHAJIH3A HC-
TOJIb3YETCs NIPH M3YYEHHH I€HETHYECKOH OpraHu3alud 0akTepuil ¥ BUPYCOB,
Yy KOTODPEIX M€EH03a HET.

Hust Toro 9To0bl OCTHYS MAKCHMAIBHOTO HOHUMAHUS T€HETHYECKOH Op-
raHU3alliH, TEHETHKA COCPEOTOYIIN CBOE BHUMAaHHE HAa H3YYEHHH CPABHU-
TeNbHO HEOOJNBIIOTO YKCIIA OPTAHU3MOB, Haubosee yqOOHBIX JJI FeHETUYE-
cKoTo aHamu3a. M3 3ykapuoTHYECKHX OPraHU3MOB B KauecTBe 00beKTa OpLia
BbIOpana ninoaosas myika Drosophila melanogaster. Cpenu 6akTepuil Takum
opranusMom Tocayxuja E. coli, a cpenu Bupycos-Oaktepuodarun T2, T4,
asmbna u $X174. HM3yueHue 3THX TEHOMOB MOCIYXHIO HAPAXUIMO#l mpd
H3y4YeHHH TE€HETHYECKOH OPraHu3aIii APYTHX OPraHH3MOB.
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Honosrenune 5.1. JIMHMKA, TOMO3UTOTHBIE MO JBYM
PELIECCUBHBIM My TallUsIM

B npuposae JTMHUY, TOMO3HIOTHBIE TIO JBYM
peLlECCUBHBIM MYTAIusaM, IOYTH He BCTpe-
9AFOTCS : TEHETUKH BBIHYX/EHBI CIEHAIBHO
KOHCTPYHPOBATh WX /JIs TOCTAHOBKM aHa-
JU3MPYIOIMX  ckpeumBanuil.  Mcmosn-
3yeMBIH IS 3TOTO METOJ CXEMAaTHYECKH
H300paxkeH Ha pHUC. 5.2: AUTOMO3UTOTHLIE
0COOM BO3HHMKAIOT B Pe3yJbTaTe PeKOMOM-

Puc. 5.2. 'enoTunw mo-
TOMCTBA B IOKOJIEHUH
F, nonysennom ot
CKPEIHBAHUS [BYX JH-
HHH, KaXgas U3 KO-
TOPBIX TOMO3HTIOTHA IO
OIHOMY PpEIECCUBHOMY
reny. ['omosurora no
IBYM pEHEecCHBHBIM aj-
JIeNIAM IpecTaBicHA

B [PAaBOM HHXHEM yriy.

Hanu4 B mokojeHuH F, OT ckpemmBaHus
0co0el, rOMO3MIOTHBIX [0 Pa3HbIM pellec-
CHBHBIM MYyTaIHsaM.

+ +
Ckpeimupanue (P) ab ath

a bt ath

a b* __a bt

TMepaoe nokomenue (F,)

ath ath
? ramernt & ramernt
a bt a*bh atbt a kb
a b+ a bt a bt a4 bt a bt
a bt atb atbt a b
ath atb ath ath ath
a bt atd atbt a b
ath+ atbt  atbt  atbt  atpt

qa b+ at*b atbt a b

a b a b a b
a bt  atp a*tht

Bropoe nokonenue (F,)

91215

PCKOM6I/IHaI_II/I$I CLCITJIEHHBIX TCHOB

OO0benuHEHHe MHOXECTBA T€HOB B OHOM XpOMOCOME OHpeReNsAeT XapaKkTep
HACJIEI0BAHMS MPH3HAKOB, KOHTPOJMPYEMBIX 3TUMH reHaMH. I eHBI, HaXOas-
umecs B OJHOH XPOMOCOMe, YacTO HE PacXOAATCs HE3aBHCHMO M HOTOMY
HPEACTABJAIOT CO0OH BTOpPOE HCKIIOYEHHe W3 3aKOHOB MeHnaess (HEPBBIM
OBII0 pPaccMOTpPeHHOEe HAMH paHee HACIEAOBAHME, CIEIJIEHHOE C TOJIOM).
I'eHbl, XapakTep HACIeAOBAHHS KOTOPBIX OTIMYAETCS OT HE3aBHCHMOTO pac-
IUETJIEHHS, HA3bIBAIOTCS CYeNn.JeHHbIMU.

Bo BTOpOif r1aBe Mbl BHAedM, YTO MeHneldb HOCTYJIHPOBAN 7BA BO3-
MOXHBIX HMCXOAa CKPEIIMBAaHUS IBYX YHCTBIX JIMHHH ropoxa, ofHa H3 KO-
TOPBIX UMeeT Tilajkde XelTble cemeHa (RRYY), a Apyras—MOpIIMHHCTHIE
U 3eneHsble (rryy). Ecniun npu dopmupoBanuu raMeT B nokoJieHnn F, pacnpe-
JEIEHUE ajulelell He3aBHCUMO, TO CJienyeT OXHAaTh BO3HMKHOBEHHSA
B PaBHEIX J0JAX yeTbipex TUTOB rameT (RY,Ry,rY u ry), uTo BeneT k mosBie-
HMIO B TIOKOJIEHMH YeTbIpeX (eHOTHNOB B oTHoweHuH 9:3:3:1. Ecim xe
aJlelld KakJA0ro POMUTENS OCTaBAJMCh pd (POPMHPOBAHHH TaMET B HMOKO-
neaud F; BMecTe, TO BO3HuMKJIM Obl Mib aBa THHA rameT: RY u ry. dpyru-
MH CJIOBAMH, T'eHbI, ONpeAeAonme GOpMy CeMAH W HX 1BeT, ObLIH ObI HOJI-
HOCTBIO CHEIUICHBI. Pe3ybTaT TAKOTO MOJHOTO CIETLIEHHs HpPOSBIAICA Obl
B nokoJyieEud F,. OHo ObUIO OBl TIPEACTABIEHO JMINL PACTEHWSAMH IBYX TH-
TOB ¢ IJIaJKHMH XEJITHIMH CEMEHAMH M C MOPIIHMHHUCTBIMH 3€JEHBIMH B OT-
Howmenuy 3 :1. Ecau Obl 3TH reHbl ObMIM MOJIHOCTBIO CLEIUIEHBL, TO KaXaas



130

Puc. 5.3. NeHOTHUIBL TIO-
TOMCTBA OT AHANH3H-
DPYIOIEro CKpelHBaHus
1O ABYM TeHETHYECKUM
JIOKycaM. BrinucaHHbIE
CrpaBa 4dCia O3HAYaIoOT
nomo (B %) cOOTBET-
CTBYIOLIETO T€HOTHIIA

B NOTOMCTBE, €CJIH

1) nokycet a H b pacxo-
OATCS B MeHo3e HE3aBH-
CHMO H 2) eclH OHH
MOJIHOCTBIO CLEILIEHBL.

Opzanusayua u nepedqua 2eHemudeck020 Mamepuaid

Ponurenbsckoe
CKpelIMBaHHe

AHanHM3upymwiiee
CKpeLMBaHue

(1)
Hesasucumoe
pacuiemieHue

Tumner
MOTOMCTBa

atb* ab

atht ab

a+h+

a
ab ab

Oxupaemoe
KonuecTBo (%)
arbt

ab

25
Popurenscxue
ab THITBI

ab

25

b
# PexoMGHHaHTHBIE

a b+ THMBI

ab

25

:
—

(2)
Monxoe
CLETJIEHHE

THIBI

arbr 50
motomcrsa b | Popgurenscxue
THITBI
ab 50
ab

ath
ab
a b+

ab

PexomGuHaHTHBIE
THITBI

fapa NPU3HAKOB (rIanK¥e W XKENThIE, 4 TAKXE MOPUIMHUCTHIE M 3eJIEHble) Ha-
cienoBanack OBl kak OAMH HPHU3HAK,

['eHETHKU NPENHOYNTAIOT H3YYATh CLEHJIEHHE OCPEACTBOM AHATH3HPYIO-
WIETO CKPEMTUBAHUSA, T. €. CKPEIMBAHUSA C POAUTEILCKON JIMHUEH, TOMO3HUIOT-
HOM HO pereccHBHBIM TreHaMm (puc. 5.2). Ilpu anammsupyromem CKpeundBaHuu
(GeHOTHII HOTOMCTBA TIPAMO OTpaxaeT THHBI TaMmeT, QOPMHUpPYeMble TETEPO-
3UTOTHBIM POAMTEJNIEM, KaK 3TO IIOKA3aHO IJISA CJIy4aeB HE3aBUCHUMOIO pac-
UIETJIEHUS ¥ HOJIHOTO CueIUIEHus Ha puc. 5.3. B mepBoM U3 IpeacTaBIeHHBIX
Ha pHC. 5.3 ciyuaeB IIpH HE3aBUCHMOM PACHIEIUIEHUM aJUIeNIEH IBYX I€HOB
cJenyeT OXHAATh, YTO B PABHOM OTHOLIEHHH OOpa3yroTcs 4eTbIpe TeHOTHHA.
JIBa M3 HHX COAEpXAT Te ke COYETAHHs aJUlelieil, uTo U y pomutened (a* b+
U ab), a NBa—HOBble peKOMOMHAHTHbBIE coueTanuns autened (@t b u ab ™). Ec-
JI B HOTOMCTBE POAMTENbCKHE THIBI H PEKOMOMHAHTHBIE THHBI HPeACTaB-
JIEHBI B PABHOM OTHOILIEHHH, TO, 3HAYUT, T€HbI d H b B MeHo3€e TeTepO3UroT-
HOTO POTHUTENIA PACXOAATCA HE3ABUCHMO W MOTYT OBITb Ha3BaHbl HECHEH-
JeHHbIMH. YacToTa pekoMOUHAIMN MeXAy ABYMs I€HAMH OIpPENEIAeTCs Kak
Ioas 0bomx peKoMOMHAHTHBIX THIIOB B HMOTOMCTBE (B HpuUMepe, NpeacTa-
BJIECHHOM Ha puc. 5.3, 50/100 = 0,5, unu 50%). Eciu reHnl HaxoasTcs B Hela-
BHCHMO PaCcXOMSIUIMXCH Pa3HbIX XPOMOCOMax, TO 4acToTa peKOMOWHAIMH
paBua 50%. OOpaTHOe, KaKk MbI BCKOpE YBHIHMM, BOOOIHE roBOps, He BCErIa
CHPaBEIINBO.

Bo BTOpOoM W3 NIPEACTABJECHHBIX Ha pHC. 5.3 ciyiaeB abCOTIOTHAs CBA3b
MEXAY IBYMs TeHaMH BEJET K TOMY, YTO B HOTOMCTBE OT aHAJM3UPYIOUIETO
CKpenmBaHus cleayeT OXHAATh HOSBIEHWsS IHIOb ABYX reHoTHHoB. Takoe
MOJIHOE CUEIUIEHHE MOXET CIYXHTh BECKHM, XOTS M He HCYepIBIBAFOIIIM
CBHIETEILCTBOM B HOJB3Y TOTO, 9T0 00a TIeHa PpAaCOJIOKeHBl B ONHOH
XPOMOCOME.

Ha puc. 5.3 npuBemeH TpuUMeEp aHaIM3UPYIOIIETO CKPEUMBAHMUS, BBI-
SIBJISFOLIETO MOJHOE CLEIVIEHHE ABYX PELIECCHBHBIX aYyTOCOMHBIX MPU3HAKOB
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Puc. 54. Tlonnoe cue-
eHue, HaGsromaemoe
B AHAJH3HPYIOMIEM
CKPCIIMBAHUH Y APO30-
duIBI, KOIIAa caMen re-
TEPO3UrOTEH 11O 00OUM
JIOKycaM.

9*

131
b pr
Ck peBanye % 8
popuTened b pr 9
AHanu3WpywLee 9 X
CKPpELUHBAHKE &
OxupaeMoe
Ha6nronaemoe TpH HE3aBUCHMOM
deHoTHI KOJIHYECTBO pacuierieH Ul
[ToTOMCTBO YepHoe €510
374 193
[TyprypHbie rnasa
Ponuiensckue
THITBL
398 193
b -
o Y DHOE TEIIO 0 193
b pr
PexomOunan—
THbIE THIIBY
- [lyplypHble Fasa 0 193
Beero: 772 772

npo30¢uITLI: 4epHbI BT Tena {(b) ¥ mypnypHble ria3a (pr). Ecoiu camer re-
TEPO3MIoTeH Mo 000MM I'eHaM, TO KOMOMHAIMM ajleieii B CHEpMHUAX TOXIe-
CTBEHHBI WX KOMOHMHAIIMM B POAUTEIbCKOM TE€HOTHIIE, B PE3yJIbTATE Yero
B MOTOMCTBE Y HOJIOBHHBI MYX TEJIO YepHOE W Ija3a HyplypHbIE, 3 BTOpas
[OJIOBMHA TIOTOMCTBA HPUHAUICKUT AUKOMY THIY. PekoMOMHAHTHBIX coYe-
TaHu# pOAMTENbCKHX ajUlenell He HaGFONAETCA: HH YEPHBIX MYX € HOp-
MAaJILHBIMH TJIa3aMH, HH MYX C HOPMAJIbHBIM LBETOM Te€Ja U IIyPIYypHBIMH
IJ1azaMd B HOTOMCTBe HeT. IIpencTaBrieHHble Ha pHC. 5.4 [aHHBIE yKa3bl-
BalOT Ha IOJIHOE CIeIIEHHEe I'eHOB, M3yYaBIIMXCS B 3TOM CKPEIUMBAHWH, U3
4ero ClIeAyeT, 9To 06a reHa PACIOJIOKEHBI B ONHOM M TOH Xe XPOMOCOME.

[MoJIHOTO CHENJICHUS. MEXOY AJUIEAMA ABYX DPAa3JIMYHBIX T€HOB OOBIYHO
He nalironaercs. JJeHCTBHTENBHO, €CIM TPU3HAKH «UEPHOE TEIO W Hyp-
IypHbIE IJ1a3a» BCErAa MOJHOCTBIO CIEIUIEHbI, T.€. BCErna B MeHo3e pactie-
ITISKOTCS BMECTE, TO MBI BHPABe HPEAIIONIOXHUTh, 4TO 00a TMpU3HAKA SBJIAIOT-
¢ TIPOSBJICHUSIME OJHOTO MYTaHTHOTO reHa. IIpuuuny, no kotopoit 31u nBa
reHa BeAyT ceOs TIpU CKPelMBAHUM, HPEJCTABIEHHOM Ha pUC. 5.4, Kak HOJ-
HOCTBIO CHEIUTEHHbIE, Mbl OOCYyIHUM TIOCHE TOrO, KaK pPacCMOTPUM peE3YJb-
TAaTbl AHAJIOTHYHOTO CKPEUMBAHHsA, B KOTOPOM CaMKa TIeTepO3HIOTHA O
000uM reHam.

B 5TOM cilydae, Kak IOKa3aHoO HAa pHUC. 5.5, B HOTOMCTBE TIPEACTABIEHbI
YeThIpe TUHA: JBA POAMTENBLCKHX (YEPHOE TeJlo, MYPHYPHBIE I1a3da U AHKHHA
THI) X B2 PEKOMOHHAHTHBIX (YEpHOE Teslo, HOpMAaJbHbIE IN1a3a ¥ HOPMATIb-
HO€e TeJIo, IyPHypHble rl1a3a). ITO Te YeThIpe THHA, KOTOPBIX CIACAYET OXH-
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Opeanu3ayua u nepedaua 2eHemuyeckoz0 mamepuaia

Puc. 5.5. Yactuynoe b pr + + 3

ciennende, HaOmIoOae-

Poourenbckoe — 9 X
cKkpemmBadme ; b pr

MoOe NpH aHATH3UPYIO-
MIEM CKPEIMBAHAA

y apo3o¢unsl, Korga re-
TEPO3UTOTHA MO O0OMM  AHanuaupyloLiee

JIOKycaM caMKa.

CKpELIMBAHKE ;
OxHpaemoe Ipu
Ha6nronaemoe HE3aBHCHMOM
QPeHOTHI KOJTHYECTBO PacIIEIUICHHH
[Toromcteo : YepHoe Teno 210 120
ITypmypHpie
Ponureneckue rasa
THIIBI
TuxH# ™R 240 120
.
pu
YepHoe Teno 14 120
Pexombu-
HaHTHbIE
THIIBI
TlypnypHsie 16 120
r1asa
Bcero: 480 480

JaTh, €CJIM aHAJU3UPYEMBIE T€Hbl pacxomaTcs HesaBucumo. OIHAKO MyX pe-
KOMOHMHAHTHBIX THIIOB MHOI'O MEHBIIE, YeM MYX, HMEIOIMIMX POIUTEIbCKHI
renoTun (30/450), Toraa kak nNpu HE3aBUCHMOM PACXOXIEHUH UX YHUCIIO JOJI-
XHO OBLJIO OBl OBITH HPHMepHO OxuHAKOBBIM (240/240). Takoe OTKJIOHEHHE
OT OXMIAEMOTO HPpH HE3aBUCUMOM DPACIICIJIEHUH CBUIAETEILCTBYET O HAJU-
YHH CIENJICHUS. ' €HETUKM ONEHUBAKOT CTENEHb CIHEIIEHHS B TAKOM CKPEIIH-
BAaHMH 4acTOTOH pPEeKOMOMHAHTHBIX THIIOB B HOTOMCTBE: YacTOTA PEKOM-
O6uHammid B 3TOM cCiydae paBHa 30/480 = 00625 wm 6,25%. Yacrora
pekoMOMHAIHMH 111 HeCueIIEHHBIX TeHOB paBHa 509, (240/480 = 0,50).

PexoMONHAHTHBIE TUNbI IPH TAKOM CKPEIMBaHUHM (puc. 5.5) BO3HHUKAIOT
U3 peKOMOHHAHTHBIX TaMeT, 00pa3yiommXxcs ¥ CAMKH B IIPOIECCE KPOCCHHIO-
Bepa npu Meiioze. KpoccHHroBep oOBIYHO TPOUCXOAMT B MeHO3€E Bcex opra-
HH3MOB, H Y CAMIIOB, H Y CAMOK, ¥ BO BCEX NapaX rOMOJIOTHYHBIX XPOMOCOM.
Opnako y caMIIOB MHOTHX BHAOB HACEKOMBIX OTpsima Diptera, B TOM 4uCIIe
H y Apo30(QHII, KPOCCHHIOBEP HE IPOMCXOAUT U PEKOMOMHAHTHBIE IaMEThI HE
BO3HMKAIOT. BOT HOYeMy B CKpEIMBAHHM, HPEACTABJICHHOM Ha puc. 5.4, ai-
JIEIM TE€HOB, HAXOMSAUIMXCS B OJHOH XPOMOCOME, PACXOATCsA BCEraa BMeCTE,
T.€. BedyT ceOs Tak, Kak 3TOTO CJIEAYeT OXHIATh HPH MOJHOM CIEIICHHAN.

Puc. 5.6 3HaKOMUT Hac ¢ HPUMEPOM HACJIEAOBAHUA JIBYX CHIEHJIEHHBIX re-
HOB Drosophila melanogaster, Haxogsaumxcs B X-xpomocome. Bee Myxckoe
MOTOMCTBO TIOJIyYa€T CBOIO €IUHCTBEHHYIO X-XPOMOCOMY OT MAaTEepH, H 3Ta
X-XpoMOCcOMa MOXET OBITh KaK POIMTENBLCKOTO, TAK U PEKOMOMHAHTHOTO
Tuna. B 5ToM TIpuMepe aHATM3MpYyIOIIEe CKPEIIMBAHHE T'eTEPO3UTOTHOHR IO
000HM reHaM CaMKH C CAMIIOM-HOCHTEJIEM PEIECCHBHBIX aJliieNieit 000ux re-



5. I'enom aykapuom

133

Puc. 5.6. eHOoTHOEI TIO- PopuTens ~
TOMCTBA B TOKOJIEHHH cKoe cer-r; ytw y wt
F, OT CKPEIMBAHHS Me- umate (P) Vo ? x Y
XAy caMmIaMu Apo30dun rw v :
C KeJTHIM TenaoM F, - v 3
(yellow) n camkamu yw Habnionaemoe
¢ OenpIMH ria3’aMH KOJIHYECTBO
(white). TeMH3HTOTHOCTD

+
MYXCKOTO HOTOMCTBA E yw 190

2
no X-XpoOMOCOME [O3BO- & pomurenscxoro
THIIA

JISIET ONPEaeNATh T'E€HO- yw 196
TUOBL CAMIIOB 1O HX ¢e- Y
HOTHIIAM, TaK Xe Kak

yrwt
B CIOYy4ae ayTOCOM IpPH 3 3
AHAJH3HPYIOIUEM CKpe- Y ‘; ::[:Msﬂmmmom
IIMBAHHH. Y CaMOK y w 1
B F, reHOTHOBL Henb3s Y
ONpefeSHTL N0 (EeHOTH- vtw
aMm. P

Q ponmuTenscKoro 403
ytw H peKoMGOHHaHTHOrO

TANa

(TeHotuns! 1o Noxycy yellow
HEepa3jIMYMMbl, MOCKOJIbKY BCe
CaMKH ITOJyUHIN OT CBOMX OTLOB
[HOMHHAHTHBIH ajienb y*)

HOB He 00A3aTeJIbHO, MOCKOJIbKY YaCTOTY PEKOMOHHANMHM MOXHO OHpene-
JIUTD N0 (PEHOTUIIAM TEMH3MTOTHOTO MYXCKOro moToMcTBa. B Y-xpomocome
HeT alUlellel COOTBETCTBYIOIIMX TEHOB, PACIOJIOKEHHBIX B X-XpPOMOCOME.
B stoM ckpemmBaHMM aByMs MapkepaMH CIyXHWIM TeH XeJITOH OKkpa-
cku Tena (y) ¥ red Oeornasus (w); COOTBETCTBYIOIINE TOMHHAHTHbIE AJIIEIH
AMKOTO THIIA ONpPENENAIOT KOPHYHEBATDHIH mBeT Teja (y*) u xpacubie tnasa
{w*). YacToTa pexoMOMHAUNM MEXY 3THMH reHaMH, HaGionasliascs opy
TAaKOM CKpeumBanuy, coctasisuia 4/390 ~ 0,010.

AHamu3 4acTOThl pekOMOWHALME MOXKET HaTb OTBETHI HA ABA BOMOPOCA.
TTepBBIit BOHPOC COCTOMT B TOM, HpHHALJIEXAT Jid 00a TeHa OAHOH Xpomo-
come. Eciu nabmonaeMas wactota pekoMOMHANMHA MEXAY AJIEISIMH KaKHX-
b0 ABYX TeHOB MeHbllle 509, TO Ha 3TOT BOIPOC MOXHO OTBETHTH IOJIO-
KMTEJIbHO. [ T€HOB, PACTIONIOKEHHBIX B OJHOM XPOMOCOME OUYeHb OJIM3KO
IpYT K ApYry, HaOaronaercss oOBIYHO OYeHb HHM3KAasg 9acTOTa PeKOMOHMHAULMIA.
ITo Mepe yBelIM4eHHS PACCTOSHHSA MEXKAy I€HAMH 4acTOTa peKOMOHMHAIUH
Takke YBEJIHYMBACTCA. BoJiee TOTO, KPOCCHHIOBED MEXAY T€HAMH, HAXO/IA-
WMMHCS B OJHOM XPOMOCOME, HO CHJIBHO YAAJIEHHBIMH APYr OT ApPYra, Mo-
KET IPOUCXOIUTH HACTOJBKO 9acTO, YTO HABIIONA€Mas YaCcTOTA pekOMOHHA-
nuit  Oyner Oumska x  50%, T.e. K 3HAYEHHIO, COOTBETCTBYIOLIEMY
HEe3aBHCUMOMY DACUICIICHAO. B Takux ciaydasx I8 OUpeAcJicHHs NpUHAM-
JISKHOCTH TE€HOB OXHOM XPOMOCOMEe TpebyeTcss CTaTHCTHUECKHM aHaM3.
HHorma XpoMocoMbl ObIBAIOT HACTOJBKO [JIMHHBIMH, YTO TEHBI, PACIOIIO-
XEHHBbIE HA PAa3HBIX KOHIAX, BCETA PACXOAATCS He3aBHCUMO. Takue ciaydad
MOKHO BBISIBHTB, JIMIIb OTBETHB HA BTOPOil BOHNpOC: KAKOBO B3aMMHOE pac-
MOJI0XKEHHE CUEIICHHBIX T€HOB B XpomocoMe? PexOMOHHAIIMOHHBIN aHAIIN3
JaeT OTBET ¥ Ha 3TOT BOIPOC.
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I'eneTuyeckue KapThI

BrnepBele HOpAIOK TEHOB B XpOMOCOME YJAAloOCh YCTAHOBHUTH Aubdpemny
CTepTeBaHTy NP BBIIOJHEHUH UM JUIJIOMHOH paboThI B «MyIIMHON» 1a6o-
patopuu Tomaca Xanta Moprauna. B 1911 1. MopraH u ero cryaeHTtsl obna-
PYXUIM CYLLIECTBOBAHHE MHOXECTBA CHEIJIEHHBIX ¢ TIOJIOM MyTAllMl ¥ APO30-
¢bunpl. ChenjIeHHOCTh € MOJIOM He OCTaBisyla COMHEHHMH B TOM, 9YTO
COOTBETCTBYIOINME TeHBl JIOKAMU30BaHbl B X-xpomocome. ITpu npoBeneHuH
CKpEIMBAHMH MEXy JIMHHAMH, COAEPXAIMMMH pPa3IMYHblE MyTanmud (CMm.,
Hanpumep, puc. 5.6), oOHAPYXHIOCh, YTO YacTOTbl PEKOMOHHAIINH MEX Ty
Pa3IMYHBIMH HAapaMU reHOB 3aBUCIT OT TOTO, Kakasi HMEHHO Hapa TeHOB H3Y-
YA€TCSA, W HOYTH NOCTOSHHBI I8 KaxaoH mapbl YacToThl pexoMOuWHAIMiA,
HAOJIONABHIMECS MEXAy OTASIbHBIMH [ApaMH TEHOB, IIPeACTABICHBI
B Tabi. 5.1. CTepTeBaHT HePBBIM MOH, YTO 3TH AAHHBIE MOXHO HCHOJIb30-
BAaTb [UIA HOCTPOEHHA (PU3MYECKOH MOMEIH, UIM KapThl X-XpPOMOCOMBI, Ha
KOTOPOH yKa3bIBaJIOCh ObI OTHOCHTENBHOE PACIIOJIOKEHUE PA3JIMYHBIX T€HOB.
T'oBops Goyee TouHo, CTepTeBaHT AOKA3aJl HA OCHOBAHMH 3THX [AHHBIX, YTO
KapTa A0JDKHA OBITh JIMHEHHOMW, MJIM OAHOMEPHOH, T.€. MMeTb QOpMy, B TOU-
HOCTH COBHAMAIOIIYIO ¢ HUTEBUAHOH (HOPMOH XpOMOCOM, HAOIIOIA€MOM TIO
mukpockonom. Ilepsass reHeruueckas kapTa X-XpOMOCOMBI, HOCTPOEHHas
CTepTeBaHTOM HA OCHOBAHHH AAHHBIX, NPEACTABIEHHBIX B Tabu. 5.1, uzo-
6paxeHa Ha puc. 5.7.

CTepTeBaHT PacCyil, YTO €CJIM IeHbl PACIOJIOXKEHB BAOJIb XPOMOCOMBI,
TO 4€M JaJblI€ OHM PACHOJIONKEHBl APYT OT Apyra, Tem OoJbie BEPOAT-
HOCTb TOTO, YTO KPOCCHHIOBEDP NPOoU30HAeT Mexny HHMH. Ci1enoBaTesbHO,
YACTOTA PEKOMOMHALMH MEXY YAAJeHHBIMH I€HAMM JI0JDKHA ObITh GOJIbIIE,
9eM MEXAY COCENHHMH IE€HAMH.

ITpoaHamu3npyeM Ha OCHOBe 3THX cooOpaxeHuH naHHble Tabiy. 5.1. Ya-
CTOTA PEKOMOUHAIIMH Mexay MyTamusaMi yellow u white cocrasnset 0,010, u,
CIIE0BATENBHO, OHH MOJDKHBI OBITH PACHOJIOKEHbI MHOTO OIMXke napyr
K 1pyry, ueM yellow u vermilion, yactoTa pekoMOuHANIMH MEXAY KOTOPBIMH
coctasiser 0,322, YacToTa pekoMOMHANMH Mexnay white u vermilion paBHa
0,300, cnenoBaTenbHO, white nomxen OBITH OJMXe K vermilion, yem yellow.
AHAJIOTHYHOE PACCYX/IEHHE MOKA3BbIBAET, YTO vermilion PAaCIOJIOKEH PAAOM
¢ miniature (1actota pexomOunanuu 0,030) u uto vermilion HaxoauTCs OIHXxe
K white, ueM miniature (uactoTel pexoMOunanui 0,300 u 0,327 cooTBeTCTBEH-
HOo). CremoBaTelbHO, vermilion [QOJKEH pacHOJaraThesi Mexny white

Tabmmua S5.1. Yacrora pekoMOHHAnuH (MeXIy HEKOTOPHIMH CLENJIEHHBIMH C I[IOJIOM
myrtanaamu Drosophila melanogaster

TeHbI Yacrora pekombuHalum
Yellow (y)—white (w) 0,010
Yellow (y)—vermilion (v) 0,322
Yellow (y)-miniature (m) 0,355
Vermilion —miniature (m) 0,030
White (w)—vermilion (v) 0,300
White (w)—miniature (m) 0,327
White (w)—rudimentary (r) 0,450
Vermilion (v)—rudimentary (r) 0,269

Mo Sturtevant A.H. (1913). J. Exp. Zool, 14, 43.
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Puc. 5.7. Ileppas reHeTuveckas kapTa u rudimentary. T'en yellow npoussonbHO
X-xpoMocomsl D. melanogaster; na Heit BLIOpAaH TOYKOH OTcueTa Ha reHeTHYe-
YKa3aHO B3aHMHOE PACIIOJIOKeHHe Te- ckoif kapre.

"Hos yellow, white, vermilion, miniature

u miniature. HakoHew, rudimentary no4TH He CLUEIUIEH ¢ white, TAK KaK 4acTO-
Ta pekoMmOunanuii Mexay HumH paBHa 0,45, 1.e. Onu3ka k 3HaueHuro 0,50,
OTBEYAIOIEMY HE3ABUCHMOMY pacmerieHuto. 3 toro, uto vermilion Gomnee
TECHO, YeM rudimentary, cuelieH ¢ white, cJIe€AyeT, 4TO OH PACIOJIOXEH
MeXNy HUMM, W, 3HA4MT, rudimentary JEXWUT cupaBa oT white.

B3aumHoe pacnosioxeHue white U rudimentary TIOKa3pIBAeT, YTO, KAK YXKE
OTMEYANIOCH PaHee, ABA reHa MOTYT HPHHAIEKATh OHOU XPOMOCOME M TEM
HEe MEHEE HACJIeAOBATHCH HE3aBHCHMO — ISl 3TOr0 OHH JIAIIb NOJDKHEI ObITh
PacHoIOXKeHsl JOCTATOYHO Aajieko Apyr oT npyra. Hampumep, ren, Haxoas-
IMcS HA HEKOTOpOM pacCTOAHHM cupaBa OT rudimentary, Oyner
TPAKTHYECKH HE CILEIJIEH ¢ white (T.e. 4acTOTa peKOMOHMHAIIMA MEXIy HUMH
O6yner HeoTnmuumoit o1 0,50), ¥ TEeM He MeHee MOXHO HOKa3aTb, YTO OH
OPUHAIEKUT K TOM ke XPOMOCOMe, YTO U white, IIOCKOJIbKY 00a OHH Clie-
njieHel ¢ rudimentary. Ha puc. 5.7 paccTosHMA MEXay I€HAMU COOTBET-
CTBYIOT YacTOTaM peKkoMOMHAuuu Mexay HumH. Yacrora pekoMOHHAIMH,
paBHas 19, onpenenseT enuHMny Macmraba Ha reHeTHIEeCKOi KapTe W Ha3bI-
BaeTCsl MOPraHM0H WM canTuMopranuaou (B wecth T.X. Moprana). ITono-
XKEHHE KaX[AOro reHa Ha KapTe ONIpeeAeTCs ero pacCTosHUEeM OT OJimxaii-
LIETO W3 TPYHIIbI CUETICHHBIX TeHOB. IIpOH3BOIBHO HPHHATO, YTO TeH yellow
PACHOJIOXKEH HA JIEBOM KOHUE KapTH, T.eHAXoquTCsa B nojoxenuu 0,0, ¥ mo-
JIOXKEHHE BCEX APYTHX T€HOB ONEHUBAETCSA MO CyMME 4YacTOT peKOoMOMHanmui
Mexay OmxalimmMa cocensmH. B pe3ynbTaTe HOIy4YaeTcs, YTO PACCTOSHUE
mexny vellow u rudimentary na xaprte X-xpomocombl coctasisier 0,58 ¢M.

TpexdakTopHbIe CKpeLIUBaHUS

B TOT fienk, koraa «3T0T Manbumrinka CrepreBaHT» (ciioBa [ epmana Mé-
Jiepa, B Ty TOpYy acoMpaHTa B JlabopaTopuu Moprana) npeacTasui CBOE 10-
Ka3aTeJIbCTBO JIMHEHHOH YHOPAAOYeHHOCTH TeHeTHYecKOM kapThl, B jabopa-
TOopur MopraHa napwio HeoObdaiiHOe BO30yXaeHue. [l0Ka3aTeIbCTBO
OCHOBBIBAJIOCHL Ha aHA/IM3€ JaHHBIX IO CKPEIIMBAHHAM, B KOTODPHIX pacule-
MJIEHHE MPOMCXOMMIIO MO TPEM PA3IMYHBIM JIOKAJIH30BAHHBIM B X-XpOMOCO-
Me reHaM (Tpex$akTOpHOE CKPEUIMBAHHE).

IlepeunciumM Bce THIBI SHIIEKJIETOK CaMKH, T€TEPO3UIOTHOH MO MyTa-
masm xentoe Teno (yellow), Gexbie riaza (white) ¥ MUHMATIOpHBIE KDPbLIbS
(miniature), T.e. CAMKM C TEHOTHHOM ywm/+ + +.

Kpome asyx ponuTeanckux koMOMHAIMI aserel BO3MOXHO ellle IIECTb,
HIOCKOJIbKY B X-XpOMOCOME MOXET OKa3aTbes JIOOOU M3 ABYX auleneid ka-
x0ro rena. ClienoBaTelbHo, 001lee YMCIO BO3MOXKHBIX KOMOUHALIMI PABHO
2-2-2 =8 (puc. 5.8). [TockONbKY 3TH TeHbl CHETIIEHBI, PA3IMYHBIE COYETAHHS
aJened BO3HUKAFOT C Pa3HBIMH YACTOTAMH, OHpeNeIIeMbIMH KOMOHHALMEH
aJUIeJIEll B POAUTEIILCKUX XPOMOCOMAX M 4acTOTOW KPOCCHHTOBEPOB MEXIY
KaXgoH Hapod TeHOB, TH 4acTOTHl pekOMOMHAUMHA NpuBeaeHLl HA pHC. 5.8.
Ecnu rensr guHeHHO yHOpSAAOYEHB! BAOJIb XPOMOCOMBI, TO BO3MOXHBI, Kak
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Puc. 58. PesyasTaThr

aHAIM3MPYIOILETO CKpe- CKDEITHBAHKE ;
umBanusa y D. melano-

Opzanuzayus u nepedaua 2eHemu4eckozo mamepuaid

gaster o TPeM JIOKycaM

X-XpOMOCOMBI.

w
AHammaupylouree i « Jrm 3
y wm 9 Y
IotomcTBO ; TenoTnn MaTtepuHCKoi
X-Xpomocombl Ha6monaemoe
ChiHa HITH OYepH KOJIHYECTBO
Kunacc
+ + +
Pogntenbck i ——
Yy wom 6972

m pexoMGHHHpOBaI

—
< +
= ~+
+ 3

ermny 3454
y+ +
¥ pexkoMOHHHpOBaN 60
cwHum wom
Y+ m
W peKoMOHHHpOBaJ [
cymm + ow + 9
10 495

YacToTa pexoMOGHHAIMY MEXTY
WH m (3454 +9)/10495 = 0,330
y mw (60+9)/10495 = 0,007
y 1 m (3454 +60)/10495 = 0,335

9TO W300paxkeHo Ha pUC. 5.9, TPU pa3IMYHbIE HOCIEAOBATEIBHOCTH HUX PAaC-
nojoxenus. OAHA napa pPeNMIPOKHBIX PEKOMOMHAHTHBIX THIIOB W3 YHCIA
MpeCTABJIEHHBIX HA pHC. 5.8, He MOXET BO3HUKHYTb M3 MCXOJHOW HOCJIEIO-
BaTEJIBHOCTH MOCPEICTBOM OJHOTO KPOCCHHTOBEpa B Meiio3e; s ee oOpaso-
BaHUs HEOOXOIMMBI 1BA KPOCCHHTOBEpA B OHOM Meio3e. [ pyrumu cioBamu,
€CJIM TPH TeHa JIMHEHHO YHOPSAMOYEHBI, TO He BCE BO3MOXHBIE PEKOMOHHAHT-
HbIE THHBI MOTYT BO3HHKATb HE3aBHCHMO IpyT OT Apyra. Kak MelI yxe BuIend,
€IMHWYHbIE KPOCCHHTOBEPBl HPOHUCXOIAT MEXIY CLEILICHHBIMH T€HaMH C
4acToTOH, MeHbllel 1/2. ClenoBaTelbHO, YACTOTA PEKOMOMHAHTHBIX THIOB,
BO3HHKAFOIIUX B PE3YIbTaTe ABYX KPOCCHHTOBEPOB, JOJIKHA IPEACTABIATH
coboit mpousBeneHue Apobelt, T.e. OBITh MeHBbILE YaCcTOThI HOSBJICHHS pe-
KOMOHHAHTHBIX THIIOB, BO3HMKAIOUMX B PE3yJIbTATe OJHOTO KPOCCHHIOBEpA.
Jlymip omHA W3 TpeX BO3MOXHBIX TOCIEAOBATENBHOCTEH TeHOB, H300pa-
XEHHBIX Ha puc. 5.9, corylacyeTcs ¢ JaHHbIMH, NPUBEICHHBIMU Ha puc. 5.8,
a uMenHo y—w-—m. HabGmromaemas uacToTa pekoMOMHAanui MexIy y H
w pasHa 0,007, a mexay w u m—0,330. CieqoBaTe/IbHO, 9aCTOTa BO3HHKHO-
BEHHUsI PEKOMOMHAHTHOTO Kjlacca B pe3yJIbTaTe ABOHHOTO KPOCCHHTOBEpa
JokHa npuMepHo cocTasiath 0,007-0,330 = 0,00231. Cambiii penkuil kjiacc
PEKOMOMHAHTOB M3 YHCJIA H300pa’keHHBIX HA pHC. 5.8—3TO TOT, KOTOPBIH HO-
SABJISAETCS B pe3yJIbTaTe KPOCCUHTOBEpA MeXay w U y—m (dactota 9/10495 =
= 0,00086); cieqoBaTelbHO, HMEHHO 3TOT KJIACC—IPOAYKT ABOMHOTO KpOC-
curHroBepa. CTEPTEBAHT HOKA3aJ, 4TO TAaKOH THI OTHOIUCHWH XapakTepeH
IUIst JIFOOBIX Tpex TeHOB B X-XpOMOCOME M 9YTO TOJBKO JIHHEHHAs TeHeTHde-
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Puc. 5.9. XpoMaTuasl 10 U NOcAe pe- BO3MOJKHBIX B3aHMHBIX PACIIONOXEHHS
KOMOHHANUHA, MpeAlIeCTBYIOMHX NEPBO- snokycoB yellow, white u miniature.

My MeHOTHYECKOMY OENeHHIO, Y reTe- C naHHBIMH, npeAcTaBNeHHBIMH Ha
PO3HIOTHBIX [0 TPEM JIOKYCaM Marte- puc. 5.8, cornacyercs JHIIbL TepBas mo-

peil. IIpencTaBnedbl TPH THNOTETHYECKH  CJIEJOBATEIBHOCTH JOKYCOB.

CKas KapTa MOXET COOTBETCTBOBATH JAHHBIM IO YacTOTe peKOMOMHAaImii BO
MHOXECTBE PAa3/JIHYHbIX CKPEIUUBAHUM, 3aTPArHBAIOLMX Pa3JIMYHbIE TPOHKH
reHoB. Fro OTKpbITHe JMHEHHOH yHOPAAOYEHHOCTH pAaCIOJIOKEHHS TE€HOB
B XPOMOCOME II0 CBOeMY OOIeMy 3HAUYeHWIO HEHOCPEICTBEHHO CIENyeT 3a
OTKPBbITHEM TreHOB Menjenem. JluHeiiHas MOneIb XPOMOCOMBI TIOCIIYXHJIA
OCHOBOH 1JIsl BCeX HOCTIeAYIOWHNX paboT B reHETAKE U MPEABOCXUTHIIA OTKPHI-
THe JMHeHHOH mnpupoast mosekyisi JHK.

Takum 06pa3zoM, TpeXxPakTOPHBIE CKPEIIMBAHUS TO3BOJIIIOT YCTAHOBUTH
HOPAIOK PACHOJIOXKEHHS TPEX I€HOB B XPOMOCOME M OHPEAENIUTh YacTOTHI
pexoMOunanuii Mexny HEMU. Takoft cnoco® aHanu3a, BIOEpBbIE pa3pabo-
TaHHbI!t CTEPTEBAHTOM, NIOCIYXUIJI OCHOBOH sl HIOCTPOCHUS BCEX T'€HeTHYe-
CKMX kapT. ['enermdeckas kapra renoma Drosophila melanogaster, mocrpoen-
Has CTepTeBAaHTOM M JAPYFHMH COTpyAHHKaMu Jabopatopuu Moprana,
u3o6paxena Ha puc. 5.10.

I'eneTnueckass uHTep(epeHLIMS

Korna rennl pacnoyiokeHbl He Ou€Hb AAJIEKO APYr OT APYTa, 4actoTy pe-
KOMOMHAIIMM MOXHO PACCMATPHBATHL KAK BEPOATHOCTh TOTO, YTO PEKOM-
O6unamus TNpoH30HaeT Mexny HumH. Takas OneHKa HO3BOJISET OIpe-
NeJIMTh, HE3ABUCUMO JIM APYT OT ApPYyra HpOUCXOAAT KPOCCHHIOBEPLI B OAHOH
xpoMocome. Eci ABa akTa pekOMOMHAIMH TPOUCXONAT HE3aBUCHUMO, TO Ya-
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CTOTA OBOHHOH pekOMOHWHAITMM AOJDKHA OBITH NPOU3BENEHHEM YACTOT ABYX
COOTBETCTBYIOIIMX OJMHAPHBIX pekoMOunanuit. M3 naHublx, Opeacra-
BIICHHBIX HA pHUC. 5.8, cienyeT, 4T0 OXHaaemas YacToTa ABOHHOTO KPOCCHH-
roeepa coctabiget 0,330-0,007 = 0,00231. Habmonaemas 9acToTa JBOMHOIO
KPOCCHHIOBepa, OAHAaKo, pasHa Juiub 9/10495 = 0,00086, T.e. 3HAUYHTENBHO
MEHBIIE OXHAAEMOM.

OTtHomeHde HaGMrONAEeMOMl YacTOThl ABOMHBIX PEKOMOHMHAHTOB K OXH-
NaeMOU HasbIBaeTCs Ko3duyuenmom Kounyudenyuu (coBnaaeHus) (¢). AKT
peKOMOMHAIIMM MEXAY y M m JeJlaeT MeHee BePOATHOH peKOoMOWHAIMIO
BOJIM3M 3TOrO yvacTka. DTO ABJICHUE HOCUT Ha3BaHUe unmepdepenyuu I. Me-
poii MHTepdepeHnnu CIyxuT pasHocTs I =1 —¢. B paccMoTpeHHOM HpHMe-
pe I =1-0,00086/0,00231 =1 — 0,374 = 0,626.

Hab6mopaemoe 3Havyenue | CHJIBHO 3aBHUCHUT OT TOro, KAKHEC MMEHHO JIO-
KYChl M3Yy9arOTCA B JAHHOM CKpelIMBaHMU. ECIM JIOKYCBHI pacnoJioXeHbl na-
JIEKO ApYT OT APYra M pasielicHsl MEHTPOMEPOH, I MOXET OBITH PaBHO HYy-
0. s 61u3Kkux JI0KycoB I~ 1, 1 HOITOMY HPH HOCTPOCHHH T'€HETUYECKUX
KapT HCHOJB3YETCH YacTOTAa PEKOMOMHAIINM MEXy OIM3KO PACHOIIOXCHHBI-
MH MapKepamHu.

Korma nmpoucxoaur kpoccuHrosep?

Kpoccunrosep npoucxoauT Ha 4eTBIPEXIIENOYEYHOM, UM TETPAAHOH, cTaanu
Mel03a, KOrna Kaxaas XpoMocOMa COCTOMT U3 ABYX CECTPUHCKUX XPOMATHT
(eM. ri1. 1). B 3TOM MOXHO yOenUThCs, AHAJIM3UPYSA F€HOTHHBI XEHCKOTO MO-
TOMCTBA CAMOK Ap030(hul, HECYIIMX CHEIUIEHHBIE X-XPOMOCOMBL U T€TEPO3H-
FOTHBIX TIO MYTAlldH, JIOKAJIM30BAHHOH B 3TOH XPOMOCOME.

HopManeras X-xpoMmocoma pO30QHUITbI — TEIOLUEHTPHK, T.€. HECHTPOMEPA
pacroyoxeHa Ha kKoHie Xxpomocombl. Ilpu cuennenun X-xpomocoM (X-X}
nBe X-XpOMOCOMBI COEIMHEHBI OJHOH IEHTpOMEpOoi W Takum oOpazom
00pa3yoT METANEHTPHIECKYIO XPOMOCOMY, ¥ KOTOPOH Kaxnaoe miedo ¢ak-
THYECKH OPEACTABIseT co00#i MOJHONEeHHYI0 X-XpomocoMy (cm. 1L 3).
B xpomMocomMHOM Habope caMOK €O CLEMJIEHHBIMH X-XpOMOCOMAMH HPHUCYT-
CTByeT OGBIYHO eme u Y-xpomocoma (X - X/Y). Hamuuue Y-XxpoMOCOMEL y Ta-
KHX CAMOK He OKA3LIBAET BJIMAHMA HAa HUX (U3HOIOTHIO, MOCKOJIBKY MOl
onpeneIfeTcs KOMMIecTBOM X-XpoMOcoM B Habope. Y-xpomocoma Heo0xo0-
IUMa JIMIOb U8 obecrnedeHus MJIOAOBUTOCTH CaMIIOB. Y CaMOK CO Clle-
IJIEHHBIMH  X-XpOMOCOMAMH TIPOMCXOAMT HeOOBIMHOE paculelIeHne Ciie-
MJIEHHBIX C HOJIOM reHoB (cM. puc. 3.9). JIume noJoBHHA 3UTOT TAKMX CaMOK
pa3BUBAeTCS HOPMAJILHO, 1aBas >KEHCKOE NMOTOMCTBO (CO CIIeNJIEHHBIMH Ma-
TEPUHCKUMH X-XpOMOCOMAaMH U OTLOBCKOH Y-XpOMOCOMOH) 1 My>XXCKO€ HO-
TOMCTBO € OTHOBCKOH X-XpOMOCOMOH M MATEPUHCKOH Y-XpOMOCOMOIL.

HekoTopas 4acTb XEHCKOro NOTOMCTBA CAMOK CO CHEIJIEHHBIMH X-XpO-
MOCOMaMH, B KOTOpO# 00a roMoJiora TE€TEPO3UIOTHBI [0 PENECCUBHLIM
MYTAIlMAM, OKA3bIBAETCS I'OMO3UTOTHON 10 OAHOH MJIM HECKOJBKHM peEIec-
CUBHBIM MYyTarusM. Yactora, ¢ kKOTOPOHN AaHHAS MYyTamus HEPEXOAUT B CIle-
IUIEHHBIX X-XpOMOCOMAaxX B FOMO3HIOTHOE COCTOSIHHME, BO3PACTAET € yBEJIHUe-
HHEM PACCTOSAHMSA OT COOTBETCTBYIOIIETO JIOKYca 0 NeHTpoMepbl. Crenosa-
TeJIbHO, BOZHUKHOBEHHE TAKHX HOBBIX T€HOTHIOB MO CIEIUIEHHBIM X-XPOMO-
coOMaM NPOUCXOAUT B Pe3yabTaTe KPOCCHHIoBepa. Mx nosBiieHHE BO3MOXHO
TOJNLKO B TOM CJIyYae, €CJIM KPOCCHHTOBEpP MPOUCXOMHUT HA TETPAJHOH CTa-
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lamerst
CaMKH

Puc. 5.11. Ins Toro yro6sl B Mei03e U3 TeTePO3UTOTHOH chemleHHOH X-Xpomo-
COMBI MOIJIa 00pa30BaThCcsl TOMO3UTOTHAs CHEIIEHHAss X-XpoMocoma, HeoOXoIu-
MO, 4TOOBI KPOCCHHTOBED MPOHCXOMHJI Ha CTAAHH YeTwIpeXx xpomatua. Kpoccuuro-
Bep JOJOKEH IPOHUCXOAHTL MeXKIy LEHTPOMEPOR U MYTAHTHBIM JIOKYCOM.

aun MeHo3a, kak 3To u300paxeno Ha puc. 5.11. PekomOunanus Ha 6o
Apyroil craauu, NpeauieCTBYIOMEH TETPATHOH, T.e. 10 AYHIJIHKAIMH XPOMO-
COM, HE NpUMBOAWIA OBl K TAKOMY pPE3yJIbTATY.

Meno3 y rpu0oB

YV HEKOTOPBIX OPraHM3MOB, HATIPUMEP Y TPUOOB, MOKHO MACHTHQUIIHPOBATH
OPOAYKTBI TeTpajabl M ONPEACJIUTh HUX TEHOTHHBL Y xJIeOHOH IleceHH
Neurospora crassa melo3 HNPOMCXOAUT €pasy HOCNIe CIUAHHS sAAEp pas-
JIMYHBIX HOJIOBBIX THMIIOB B KJIETKE, Ha3bIBAEMOUN dckom (MOJI MIJIM TIOJIOBOM
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Puc. 5.12. JKusnennwl#i uukn Neurospora; Noka- TakXKe He NepeKphIBalOTCA, TaK YTO AApa Ka-
3aH MeXaHH3M JIHHEHHOTO YHOPSIO4EHHS aCKOC- KAOH YeTBEPTH aCKa COAEPKAT CECTPUHCKHE
op, ABIAIOIMXC NMPOAYKTaAMH MEHOTHYECKOro MHTOTHYECKHE XPOMATHOBI C LEHTPOMEPAMH,
JAeleHus Agep B acke. Bo BTOpoM MeHoTHuye- pasolenuMuc BO BTOPOM MEHOTHYECKOM [ie-
CKOM [IENIeHHH HHTH BEpPeTeHa He IepeKpbl- sneHnd. TakuM o6pa3oM, ackocmophsl B acke
BAlOTCH, U sOpa KaxaoH IMONOBHHBI acka co- OKa3BIBAIOTCH YHOPSTOYEHHBIMH B OTHOLIEHHH
XPaHAIOT MEHTPOMeEPHI, Pa3olleIIHecs B Nep- LEHTPOMEP, PACXOIUBIIHXCS B NEPBOM H BTO-
BOM MeloTHueckoM fefieHuH. COOTBETCTBEHHO, POM MeHOTHYECKHX NeJIeHHSIX.

HHTH TIOCHACAYIOMIETO MHTOTHYECKOIO [A€JICHHUS

THH y IJIECEHH ONpPENENIIeTCs aJIJIeIeM OZHOTO TeHa). B pesynnTaTte nsyx mo-
CJIENOBATENbHBIX MEHOTHYECKHX AEJIEHHIA W OQHOTO MUTO3a B acke oOpasyer-
¢s1 BOceMb cnop. BepeTeHo mepBoro nejieHHs He TEepeKphIBAET BEPETEHO BTO-
poro neJeHds, Tak 4YTO HOCIENOBATEJBHOCTh CIHOP B AackKe OTpaxaeT
HOCJIEA0BATENBHOCTE PACXOXEHHS IIEHTPOMED B IEPBOM U BTOPOM MEHOTH-
geckux AesieHMAX (puc. 5.12). Takoe YHOPSIOUYEHHOE PACTIOJIOKEHHE CIIOP
JIa€T BO3MOXHOCTb BBbISIBUTH KPOCCHHTOBEPBI, HPOUCXOIAIIME KAK MEXTY
LEHTPOMEPOH U MYTAHTHBIMH I€HAMH, TaK ¥ MEXAY CAMHMH MYTAaHTHBIMHA
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1 ' DeNeHne
a 4 b a B

Puc. 5.13. HabGmiomeHde 3a mepBbIM H BTOPBIM
pacxoXIEeHHEM asiesell B MeHo3e IO I10JI0XKe-
HHIO K2XJOro IeHOTHIIa B acke. ACKOCHOPHI ra-
IUIOUJHBL, H 10 HX (EHOTUNY MOXHO OMIHO-
3HAYHO CYIMTh O HX TeHoTHIe. KpoccHHTrosep
MeXOy NEHTPOMEpPOH H Aa NPHBOJHT BO BTO-
POM JeNeHHH K NONAPHOH cerperaldud Mapke-
pos. Kpoccunrosep Mexay Aa u Bb npusoaut
B IIEPBOM [IEJICHHH K PACXOXICHHIO IIPOKCH-
MaJIbHBIX MapkepoB (Aa), a BO BTOpPOM [elle-
HHH —K PACXOXIEHHIO [HUCTAJBHBIX MapKepoB
(Bb). B mocnenHem ciyyae B 3aBHCHMOCTH OT

AB

AB

Ab

Muros . Ab
aB
aB

ab
ab

Bropoe
neTieHne

~

Ab
Ab

AB

b Muros _ 48
&%—_— ab
ab

a B aB
()::;——_—-q—- 2B

TOTO, KaK pacnonararTcs peKOM6HHaHTHLIC
XpPOMOCOMEI B NEPBOM [EIECHHH, BO3MOXHBI
YeThIPE PA3THYHBIE MOCAENOBATENBHOCTH CIIOD
B ACKE; HA PHCYHKE IIPEACTABJIEHBI JABE M3 HHUX.
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Puc. 5.14. ITo mocyie0BaTEILHOCTH CIIOP B aCKe MOXHO BBLICIHTb YEThIpe THIIA
JBOHHBIX KPOCCOBEPOB.
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reamu (puc. 5.13). B oTcyTcTBHE KPOCCHHIOBEpa aJUIEIH PAcXOsTCs B Mep-
BOM MEHOTHYECKOM JACJICHHH W NOMNaJalOT B CHOPHI, PACHOJIOXEHHbIE B IPO-
THBOTIOJIOKHBIX KOHIIAX acka. ECITH MpOHCXOAMT OFMH KPOCCHHTOBED MEXIY
INEHTPOMEPOH ¥ Pa3IMYHBIMH AJUIETISMH OJHOTO IeHa, TO AJJIeJid paciie-
IISIOTCA BO BTOPOM MEHOTHYECKOM JIEJICHHH, H B pe3yJibTaTe HA NPOTHBO-
MOJIOXKHBIX KOHLAX a4CKa OKA3bIBAIOTCS CIOPHI C JBYMsI POJHTENIbLCKHMU Te-
HOTUIAMH. ECNU eHHCTBEHHBIH KPOCCHHIOBEp MPOUCXOAHT MEKIY JABYMS
TeHaMH, TO TIOJIOBHHA CMOP B acke€ OTHOCHTCS K POMUTENILCKUM THIAM, & MO-
JIOBUHA —K peKOMOMHaHTHbIM. [0Jis1 acKOB, COMEPX aIux NpPOTyKThI PAaCIiie-
MJIEHHA BO BTOPOM [EJIeHHH, CY>KAT MEPOH IeHETUYECKOTO PACCTOSHUS Me-
KAy UEHTPOMEpON H HccienyeMbIM JIOKycOM. OJHAKO NOCKOJBLKY JUIIhL
MOJIOBHHA XPOMATHJ[ B TeTpaje PekOMOMHAHTA, TO PacCTOSHHE MEXJ]y re-
HOM H LIGHTPOMepoi PaBHO JHIUb TOJOBHHE YaCTOTHI 4CKOB C MPOAYKTAMH
paciielleHUss BO BTOPOM [eJiCHUH. YHOPSIOYEHHOEe PACONOKEHHe CHOp
y xiebHOH rUieCeHH MO3BOJIsET, TAKUM O0Opa30M, ONpeAe/dTh MOJIOKEHHE
LEHTPOMEPHI 10 OTHOILEHHIO K MYTAaHTHBIM aJIIefIIM I'eHOB COOTBETCTBYIO-
med XPOMOCOMBL

Ha puc. 5.14 n3o6paxkensl yeThblpe THna coOBITHH, HaOIIOgaeMBIX B Te-
Tpajgax xjJeOHOH miieceHu NpH NBOHHOM Kpoccunroepe. CyuiecTBOBaHue
4CKOB C TaKUM PACIOJIOXKeHHeM CIIOp, KOTOPOE BO3MOXHO JIAIIL B pe3yjibTa-
Te KPOCCHHIOBEPOB, 3aTPArABAalOMINX OJHOBPEMEHHO TPH H YeThIpE XpOMa-
FHNBI, JOKA3BIBAET, YTO KPOCCHHIOBEp IPOHMCXOAUT MMEHHO Ha CTAfUH Te-
Tpajbl, 2 HE HA ABYHUTYATOU cTaauu, npemiuecTByromei perutukanun JHK
xpomocoM. Kpome Toro, 3T jgaHHBIE JEMOHCTPHPYIOT €Il OJHO BaXXHOe
NOJIOKEHHE, 2 HMEHHO TO, YTO MpOUCXOoaamas B Meilo3e peKOMOVHAIHS TpH-
BOJUT OJHOBPEMEHHO K BO3HUKHOBEHHIO peYyunpoKHbX PEKOMOHUHAHTHBIX
THIIOB.

[{utoslorndyeckre HaOIO0 JeHUS
KPOCCUHIOBepa

JI0o cux mop MBI MOIJIH OCHOBBIBATBHCS JIMILNL HA KOCBEHHBIX JIaHHBIX, N0JI4-
ras, 4TO B OCHOBE PEKOMOHHALIMH JIEKUT KPOCCHHIOBED, T. €. (PU3UUeCKHHA 00-
MEH PEelHNpPOKHBIMH YYacTKAMU XPOMOCOM MEXJy JByMs pa30pBaHHBIMH
xpoMatugamu. IpsaMeie fokazaTenscTBa ObUTH BlepBhle noay4eHsl B 1931 r.
Xappuetom KpeiitonoMm u bapbapoit Mak-KInHTOK IIpH HCClIeIOBAHUH KY-
xypy3sl 1 Kyprom IllltepHoM na aposzoduie. B oboux ciyyasx naHHbIE IO
TeHeTUIeCKOH PeKOMOUHALIMY COBNAJANA € IIHTOJOTHMYECKH HAOIIONAeMBIM
¢uzuyeckum 06MeHOM ydacTKamMH XpOMOCOM. Pe3yibTaThl, MOJIyYeHHBIE Ha
KyKypy3e, cOCTosiu B cieayromeM. CKpellMBald DacTeHHsl KyKypy3sl, Te-
TepO3UTOTHBIE TIO JBYM TIeHETHYECKUM MapkepaM, a HMeHHO ajliemo Oec-
LBETHOCTH (C) Ip¥ OKPAIIEHHOM JHKOM Tume (¢ *) U aniesto BOCKOBUCTOCTU
(wx) TIpH KpaxMaJIMCTOM AdKOM THIle (wx ), H JIByM HATOJOTHYECKHM Map-
KepaM, a HMMEHHO TIeTepPOXPOMATHHOBOMY B3AYyTHIO H TPAHCIOKAIHY
(puc. 5.15). B 1OTOMCTBe OAHOIO M3 TaKUX CKpEIMBaHUil ObLIO noiydeHo 28
3epeH YeThIpeX pa3InyHbIX (eHOTHNOB, IIPEACTABICHHLIX HA PHCYHKE. 3epHa
OBLIH IIPOPOILEHBI, § XPOMOCOMBI KaXK/I0TO PacTeHHs! HCCIEAOBAIH Ha IIped-
MET HAJIHYAS WIA OTCYTCTBUS B3AYTHS U TPAHCJIONHMPOBAHHOIO YYaCTKa.
Pactenus wx * /wx ¥ MOXHO ObUIO OTIIMYHTH OT wx ¥ /WX, IIOCKOJIbKY B Tiep-
BOM cJIy4ae BCe TBLLIbIEBBIE 3epHA OBLLUTH KPaxMaJIMCTBIMHU, TOIZAa KaK BO
BTOpOM Cilyvae—JuIub mojoBuHA. OOHapyXeHHas B3aHMOCBA3b MEXY
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Tevotuner ponutenes
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II. BecuBeTHbIE, BOCKOBBIE I11. Ok palleHHble , KpaXMaJHCThie IV. BecupeTHbre,

(3 3epua) (2 3epHa) (8 3epen) KpaxmanMcTble
(15 3epen)
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 Snm— C———
| S e—— CC—————
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[3] (2] (0] [51
c* wx® c wx*
—————
—  — ———
¢ wx ¢ wx
(51
Puc. 5.15. B3auMoCBA3b MEXAY TEHETHYECKHM R
- .
06MEHOM M MEPECTPONKAMH XPOMOCOM; € O_f__:w’":
U wX—[EHETHYECKHEe MapKepbl, B3AyTHE (U30- — A —
OpaxxeHO KPYXKKOM) M TPaHCIOUHPOBAHHBIH y4a- ¢ wxt wx*
CTOK (BOJHMCTAS JIHHMS)- IIUTOJIOTHYECKHE Map- (21
Kepbl. ['€HOTHIIBI, TOMELIEHHbIE B OKDPaleHHbIE {1
IPSMOYTOJIbHHKH, JEMOHCTPHPYIOT CBS3b Me-
Ky TeHETHYECKOH H IHTOJIOTHYeCKOH pekoMOH- .
WX
HamusiMu. OOpaTHTe BHHMaHHe Ha TO, 4TO H30- e ————
OpaxkeHHOE CKPEUIMBAaHHE HE SIBIISIETCS aHAJIH- —
JUPYIOIIMM H YTO HE BCE I€HOTHIBI MOIYT c wx*
OBITh 0JH03HAYHO HAECHTU(DHUIHPOBAHBI. [2}

10—1215

KPOCCHHTOBEPOM M LHTOJOTHYECKAMU TiepecTpPOHKaMH CBHAETEIbLCTBYET
0 TOM, YTO TeHEeTHYecKHil OOMeH aJIIeNIIMH COIPOBOXHAeTCs (DH3HYECKHM
00OMEHOM YYacTKaMH XPOMOCOM.,

Koppensiiiug Mexay reHeTUYeCKUMHU
U LUTOJIOTUYECKMMU KapTaMH XpOMOCOM
Op030(1Ibl

Bonpias 4acTe XpoMOCOM 3YKapUOT, B TOM YHCJIE © XPOMOCOMBI JIpO30-
¢un, xapakTepusyeTcsl Yepe10BaHHeM T'eHeTHYeCKH AKTHBHBIX, HJIH 3YXpOMda-
MUHOBbIX, YUACTKOB U TEHETHYeCKW HEAKTHBHBIX YYACTKOB, HA3BIBAEMEBIX 2€-
mepox pomamurogvimu (cM. monosnende 1.1). BONBIIMHCTBO M3BECTHBIX TEHOB
Jpo30¢Hbl PACIONOKEHBl B 3YyXPOMATHHOBEIX yYacTkax. B coMaTmyecknx
KJIETKAaX HEKOTOPBIX TKaHeH Apo30¢uibl H APYrux BUIOB JABYKPBLUILIX, B OCO-
GEHHOCTH B KJIETKAaX CJIOHHBIX Kele3 HX JINYHHOK, COAepPXKATCSd TaK Hazbl-
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Terepoxpoma—
THHOBBIH ydac—
TOK, CO/IEPKalLlHi
pPHK-ress! (rrr)

BaeMble TUTaHTCKHEe XpOMOCOMBL. OHH 00pa3yloTCsi B pe3yjibTaTe MHOXKe-
CTBa TMOCJIE[OBATENbHBIX YABOCHHH XPOMOCOM, He COIPOBOXIAIOILIMXCS
S[EpHBIMH JleJIeHHsIMHA. B 3aBHCHMOCTH OT BHAA M CTAJHH PAa3BHTHS B Ka-
KIOM sIIpe Kaxjgas XpOMOCOMHAs HUTh MOXET ObITh NpejnctaBieHa Oolee
vyeM B 1000 xonusx, u Bce HUTH ODOHX IOMOJIOTOB DACIOJIAraroTCs Mo Bceit
JUTMHE B TOYHOCTH JIpYr NPOTHB Jpyra, od6pa3ys NOJHUTEeHHBIE HHTepda3HEIe
XPOMOCOMBI, IpejcTaBiIsgiomme coboil momobHs MHOTOXHILHOTO Tpoca.
CxemaTH4eckasi Mopedb TOJATEHHOH X-XpoOMOCOMBLI H300pakeHa Ha
puc. 5.16, a anextponHas mMuxpodoTorpadus sjupa KIeTKU CITIOHHBIX XKeme3
npo3odwmnel—Ha puc. 5.17. Paznuuns B cogepxaHan Oejka M B CTENEHU CITd-
pann3alMd HHTepda3HBIX XpOMOCOM OOYCIOBIUBAIOT HMX IONEPEYHYH) HC-
4epPUeHHOCTh, XOPOIIO 3aMeTHYIO Ha pHc. 5.18.

V npo30¢hH H3BECTHB MHOTOYHCJICHHBIE XPOMOCOMHBIE aOeppaIit, IpU
KOTOPBIX OT/IEJIbHBIE YY4CTKH XPOMOCOM yTpayuBaroTcs (menenuu Df) wim
yaBauBaroTcs (ayrmiukaumd, Dp, cMm. 1. 21). Ha muTosioraueckux npenapa-
Tax TOJUTEHHBIX XPOMOCOM C ACIEHHSMH HJH AYIUIHKAUUSMH KOHIEBEHIE
TOYKH 3THX abeppalnii OOBLIYHO MOXKHO OINpeAenuTh OYeHb TouHO. Ha
puc. 5.19 u3obpaxeHsl rpaHUIbl HEKOTOPBIX H3BECTHBIX JEJIENMA H IyTIMKa-
it B X-xpomocome apo3oduisl. Ilotepn resetuyeckoit mudopmManun, cBs-

JHK

[lonoca B xpomocome
BO3HMKAET BCIEACTBHE
0o6pa3oBaHHs
MHOXeCTBa MeTenb
OTHENbHBIX HUTEH

AR R LLELY

HERRERN

. )
y >

JyXpOMaTHHOBBIR
y4acToK SORRASL
NONMTEHHO B L
XPOMOCOMBI ‘ -

JHK mexny

XpOMOMEpaMH

B

Puc. 5.16. Cxematudeckoe H306paxeHue Be- BOAST K IOSIBICHUIO BH3yalbHO HabaiopaeMoi
pPOSTHOH CTPYKTYpblI HOJHTEHHOH X-XpOMOCOMBI  IIONEpeYHOH HCYepYeHHOCTH (B) xpoMocom. b.
H3 KIJIETKH CIIIOHHBIX Xened aposocmisl. ITocae-  I'emwl puSocomuoit PHK (pPHK) moxammso-
JOBaTEIbHbIE PENIHKAIHMH 3YXPOMATHHOBBIX BaHbl B FeTEPOXPOMATHHE X-XpOMOCOMBI M Tak-
Y4aCTKOB XpPOMOCOMBI JOBOASIT YHCIO KOIHIA K€ YaCTHYHO aMILTMGHIMPOBAHLI, OAHAKO 110
NPHMEPHO 10 ThICHYH. A. Pasnuyms B cnnMpanmu- — HEM3BECTHBIM IPHYHHAM 3TO HE INPOSIBISETCA
3anuM MO-pPa3HOMY aMIUTM(DHIMPOBAHHBIX y4acT- B BHAE AHCKPETHBIX JIHHHIL

KOB rOMOJIOTHYHBIX XpOMOCOMHbBIX HHUTEH TpH-
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Puc. 5.17. Cpenannas Ha CKaHHPYIONIEM DNEK-
TPOHHOM MHKpockomne (oTorpadus HHTAKTHO-
ro siipa KJIETKH CIIOHHBIX XKefe3 Apo30(HIs!
rnocjie yaajieHHs saepHoH memOpanbl. Xopo-

Puc. 5.18. OxpauieHHblit
npenapar IONHTEHHBIX
XPOMOCOM KJIETOK
CITFOHHBIX KeJe3 JPo30-
¢uner. Potorpadus cae-
J1aHa ¢ MOMOUILI0 ODBIY-
HOrO CBETOBOI'O MHKPO-
cxona. (Lefevre G. (1976).
In: The Genetics and
Biology of Drosophila,
vol. la, ed. by M.
Ashburner and E. No-
vitski; Academic

Press, New York.)

10*

IO BHJHA WCUepHEHHOCTh. KpynHoe cepuue-
ckoe o6pa3oBaHHE B CEPEIMHE —3TO SAPBILIKO.
(Dr. John W. Sedat, University of California,
San Francisco.)
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Puc. 5.19. Cxema yvacTka MOJHTEHHOH X-XpOMOCOMBI Ipo30(HIIBL YKa3zaHa LMTO-
JIOTHYECKAs JTOKATH3anMsl HEKOTOPBIX OOCYKAaroMMxcsi B TEKCTE AEJENHd H jy-
wmkaumii. [Kiger J. A., Jr., Golanty E. (1977). Genetics. 85, 609.]

3aHHBIE C JeNenuaAMH, GEHOTHNUYECKH IIPOABIAIOTCS y I€TEPO3UIOT IO pe-
HECCHBHBIM MyTanuaMm. Hanpumep, y reteposurotr Df(1)N8/w, Df (1 )N /w
u Df(1)N ~873%,y ryasza Gejble, YTO yKa3pBaeT Ha TO, YTO B XpPOMOCOMAXx
C 3THMH TpeMs HEXBATKAMH I'eH W' OTCYTCTBYET, W, CIIE[IOBATEIBHO, HTOT
reH pacroJiokeH B yYacTke, OOIEM JUIS BceX TPeX Jeleluil, T.€. B HoJocax
3C2-3C6. V reteposurotel Df (1)N®* 1€/w rnaza kpacHble, TakuM 06pazomM,
reH w ' B 3TOH XpoMocoMe npucyTCTBYeT. CllefloBaTeNIbHO, TeH w ' [10mKeH
OLITh pacmoNiOXeH MEXAy JeBbIMH KOHIAMH fejlemui Df(]1) NS4it6

Df(1)NS unu Df (1)w~ 6730, 1 e. nomken naxogutses B nomoce 3C2. 3aMe-
THM, 9T0 Wosnoca 3C2 HaxoJUTCs BHYTPH BCeX TpeX IYIUIMKAlUi, IpejgcTa-
BJIEHHBLIX Ha pHC. 5.19. DT yYacTKH MOTYT ObITh TPaHCJIOUHPOBAHBEI BO BTO-
pYIO ayTOCOMY, B TpeTbIO AyTOcOMy H B Y-XPOMOCOMY COOTBETCTBEHHO,
H BO BCEX TPEX CIydasX MOXKHO YCTAHOBHUThL TIPHUCYTCTBHE TeHa w ' B reHO-
Me, YTO NOATBEpKIaeT Jokamm3anuio w* B nosioce 3C2. Hanpumep, camist
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Puc. 5.21. IlecTponuct-
HOCTb ¥ paclpocTpaHeH-
HOI'0 JAEKOPATHBHOIO

pacTeHHs.

¢ resotunoM w/Dp(l; Y)w' o6nagaroT KpacHbIMH Tila3aMu, OTCIOJA Clle-
JyeT, 4TO T'eH w' cOpgepXKHUTCS B ydacTke X-XPOMOCOMBI, TPaHCIONAPOBAH-
HOM Ha Y-Xpomocomy. Takue IIMTOJIOTHYECKHE CONOCTABJIEHHS OBLIIM NpPOBE-
JI€HB! JUUIE MHOTUX T€HOB, JIOKAJIW30BAHHBIX B Pa3IMYHBIX XpOMOCOMax Apo-
30pWiIbl, H OHU YyOEAUTENBHO MNPOJEMOHCTPHPOBAIHM, YTO TIE€HETHUYECKAs
KapTa KaXJI0H XpOMOCOMEL, NOJy4eHHasi Ha OCHOBE JIaHHBIX MO peKOMOWHa-
LIHA, XOpOLIO COOTBETCTBYET peanbHOH (HU3HYECKOH CTPYKType XpPOMOCOM
(puc. 5.20). HenonHoe kONMHYeCTBeHHOE COBMAJICHHE MEX/y DacCTOSHHSIMH
Ha TEHEeTHYeCKOH KapTe W peasibHBIMH PACCTOSIHHSMH B IIOJJHTEHHOH XpOMO-
COME€ MOXET OBITH CJEACTBUEM HEPABHOMEPHOIO PAaCTAXKEHHA pPa3IHYHBIX
y4aCTKOB XPOMOCOMEI B IPOIECCe IIPHTOTOBJICHHS XPOMOCOMHBIX Ipenapa-
TOB. BO3MOXHO, OJIHAKO, YTO HEKOTOPHIE YYACTKH X-XPOMOCOMBI Y4aCTBYHOT
B TEHETHYECKOH PeKOMOHMHAIIMM YaIle APYrHX H BCJIEACTBUE ITOTO HA TCHETH-
yeckOll kapTe 3aHMMalOT OOJbIIIe MeCTa, YeM Ha (QU3HYECKOH.

BHesnepHast Hac1e ICTBEHHOCTh

IIpuanMnel reHeTHYeCcKOro analn3a NMPUMEHSJIMCh IPH KCCIeJOBAaHMHM MHO-
THX 3yKapHOTHYECKUX OPraHHU3MOB: BBICIIAX KABOTHBIX U PACTEHHH, a Takxke
fomee IPOCTO YCTPOSHHBIX 3YKAPHOT, TAKHMX KaK rpudbl, BOJOPOCIH M NPO-
crefimme. CocraBieHbl MOAPOOHBIE XPOMOCOMHBIE KapThl MHOXECTBAa pas-
JINYHBIX BHJIOB, IPEACTABIISIONMX HAYYHBIA HJIM NPAaKTHYECKHI MHTepec. DTH
KapThI JeTAIBHO ONMMCHIBAIOT OPTaHU3AIMIO TeHOB B sjapax KieTok. OgHako
He BCe 3YKapHOTHYECKUE TEHBbI JIOKAIM30BAHBI B XPOMOCOMAX KIETOYHBIX
snep. Bckope mocne NMepeoTKPHITHS MEH/EIEBCKHX 3aKOHOB HACIIENOBaHHS
CTaJIO ICHO, YTO HEeKOTOPHIE THUIBl H3MEHYHBOCTH HE NOJYHMHSIOTCA 3THM 3a-
xoHaM. B 1909 r. Kapn Koppenc onybmmkoBan paboTy NO HacIeqOBaHHKO
HEeCTPOIMCTHOCTH ¥y Mirabilis jalapa, B xoTopo# Obli ONHCaH HEMEH/EJICB-
CKHJ THN HACJICAOBAHHS.

J1s MHOTHX BHJOB JIEKOPDATHBHBIX DACTCHMI XapakTepHa IIeCTPOJUCT-
HOCTb —HOSIBJICHHE OeJIbIX HITH KeJITHIX NMATEH U MOJIOC HA JIMCThSIX 3€JIEHBIX
pacteHnii (puc. 5.21). )Kentele yyacTk#n MOTyT OBITh HEGONBIINX PA3MEPOB,
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Ta6amna 5.2. IToroMcTBO oT ckpelimBanus pacrensit Mirabilis jalapa ¢ pazmuunbl-
MM THIIAMH HBCTKOB!

OTUOBCKOE pacTeHHe Martepusckoe pacTeHUue ITotoMcTBO
Kentoe Kenroe
Kenroe INecTpoanctaoe Kenroe, necTponucTHOE
H 3eJIeHoe
3eneHoe 3enenoe
Kenroe Kentoe
HecTpoaucTtaoe HecTponucTHOe Kenaroe, necTponucTHOE
U 3eJeHoe
3eneHoe 3enenoe
Kenroe Kenroe
3enenoe [TecTponncTHOE XKenroe, necTpoaucTHOE
H 3eleHoe
3eneHOe 3enenoe

Ho Srb A. M., Owen R.D., Edgar R.S., 1965. General Genetics, 2nd ed., W.H. Freeman, San
Francisco.

OJIHAKO HHOTI/a XEJTbIMH CTAHOBSITCA Iedble 10o0erH, TOrna Kak Jpyrue
OCTalOTCS 3€JIeHBIMU WK NecTpbiMH. KoppeHC Gpax NbUTBIY ¢ LIBETKOB, pac-
TYILIMX HA KEJITHIX, IeCTPHIX H 3€NIeHBIX MoOerax,  HAHOCHI ee (penBapH-
TEJIRHO yIANUB THIYMHKH) HA TECTHKH I[[BETOB, pacTyluyux Ha moberax Bcex
Tpex TunoB. OKa3ajaock, YTO CBOHCTBA NPOPOCUIMX M3 TAKHX CEMSIH pacTe-
HHHU OLpeNeatoTCs UCKITIOUUTEIBHO XapakTepOM MATEpUHCKOIO IIBETKA H HE
3aBUCAT OT CBOMCTB LIBETKA, C KOTOpPOro ObLTa B3ATa mbLIbIA (Tabi. 5.2).
DTH pe3ysibTaTel OBUIM NMEPBBIM NPAMEPOM BHESNEPHOH, HJIM IMTOTJIA3Ma-
TUYECKOH, HAC/IeICTBEHHOCTH.

B HacTodiee BpeMsa Mbl 3HAaeM, YTO 3€JIEHBIA 1IBET DacTeHHIl onpeje-
JISETCSl XJIOPOILTIACTAMH, COAepXaInAMH (HOTOCHHTETHYECKHH IHIMEHT XJIO-
podmI. 3ejieHble XJIOPOILIACTBL PA3BHBAIOTCS U3 CAMOCTOSITENIbHO AEJISIIUX-
Cs OpraHess, Ha3blBaeMBIX NJACTHAAMH, M HAXONSINMXCS B LUTONIIA3Me
kJIeTOK pacTenud. IlmacTunnl kJjieTok M3 XKENTHIX YYACTKOB NECTPOIHCTHHIX
pacTeHHii HEe COCOOHBI PAa3BUTbLCS B HOpPMAJbHbIE 3eJieHble XJIOPOIUIACTBHL
PacTtenus, BLIpOCHIME M3 CeMsH, 3aBsI3ABIIUXCA B I[BETKAX Ha XKeJThIX node-
rax (Tabm 5.2), He criocoOHBI k (HOTOCHHTe3y M ckopo mnorudarot. Ilectpo-
JIACTHOCTh PACTEHHUs SBJAETCS CIENCTBHEM IPHCYTCTBHS B IUTONNA3ZME 3a-
poablmia 00OHX THIOB CAMOPEIMIHPYIOIIHUXCS MIACTUN. B xaxnoit kietke
paCTEeHHUs COJEPXKHUTCS CPABHHTEIbHO HeOOJpINOE YHuCIO0 InacTua. Ilo Mepe
pOCTa PpACTEeHHs] MOCPEJCTBOM KJIETOYHBIX JeJICHHW HEKOTOPHIE JOYepHUe
KJIETKH TOJIy4yaroT ciay4yalHO JHmib HOPMaJbHble ILIACTHABI, JPYIHE —JIHIIb
HecrlocoOHBIE K (GOTOCHHTe3y, TPETBH—CMECh H TE€X H APYrAX. OTd KIIETKH
JIal0T HAYaJl0 COOTBETCTBEHHO 3EJICHBbIM, JKEJITHIM H NEeCTPOJMCTHHIM I0Ge-
raM. [TpencraBnennsie B Ta0ia. 5.2 pe3ynbTaThl NOKA3BIBAIOT, YTO TJIACTH/IBI
CeMSH HACJIEAYIOTCS OT MaTepPUHCKON LUTOIIA3Mbl, & HE OT NBUIbIBL DTOT
BBIBOJI BIIOCJIEJCTBHH OBUT MOATBEepXkJIeH MUKPOCKONHYECKAMHA HabnroeHns-
MH.

CrocoOHOCTRIO K CAMOPEILTHKALIMH JHIIEHHBIE XJIOPOGHIIIA TIACTHABI (a
3HAYUT, ¥ HOpMaJlbHble TIACTHALI) 00s3aHbl coaepxarneiicas B Hux JHK,
B KOTOPOI TeHETHYECKH 3aKOAUPOBAaHBI (QyHKIuH, HeoOXoaMmble nJis HOp-
MaJlbHOH XKH3HenesaTenbHocTH InacTua. JJHK BrlaeneHa U3 XJIOpPOIIACTOB
pacTenuii MHorux BHHOB. Ee BbimeneHuwe 4yacTo obleryaercd Tem, 4TO HY-
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Puc. 5.22. Hentpudyru-
pOBaHHE B IpajJHeHTe

IJIOTHOCTH XJIOPHCTOIO
uesus JHK, sbigeneH-
Ho#t M3 (1) uedsix xJe-
TOK, (2) OYHMIIEHHBIX l
xJIopomacToB H (3)

OYHINEHHBIX MHTOXOH-
apuit Euglena glacilis.
Inotaocts AHK 1,754 )
" 1,731 cooTBeTcTBYET
CrenHadbHbIM MapKe-
paM, no0aBJIeHHBIM

/ i | | Lembre knetkn

O .

=
o
3 h.
B Npenapar Iepen neH- “ e
TpUdYTHpPOBAHHEM. g f \ ﬂ\:xno _—
[Manning J.E., § ; : A potLa
Wolstenholme D.R., 2l @ m o
Ryan R.S., Hunter J. A., g j ‘-\ ‘ 4
Richards 0.C. (1971). = A AN N
Proc. Natl. Acad. Sci., T
USA, 68, 1169.) N
Il A
&l N
’z ! ! i MrTOoXoHnpHH
{
1,685
1,754 1,731 1.690

3
[IH0THOCTD , T/CM

kneotunHelit coctaB JJHK MHOTHX XJIOpOIIACTOB CHJILHO OTIHYAETCS OT CO-
craBa snepuodt [IHK, m, crenoBaTtensHO, 3TH JBe (pakUUH JIETKO pasje-
JIAIOTCA NpPH NEeHTpHYrHPOBAaHHH B IpajgHeHTe XJopucToro nezus. Hampn-
mep, JHK xsoponnactoB GOTOCHHTE3HPYIOMHUX OJHOKIETOYHBIX BOIOPOC-
neit Euglena glacilis umeeT nnoTHocTh 1,685 r/cM>®, M ee MOXHO JIerko
UneHTHGUIUPOBATh kak cateumuT siaepuod JHK, obmanaronmii Oomee BhI-
COKOH ITOTHOCTBIO (puc. 5.22). B yTpaTHBIINX XJIOPOIJIACTHl JIHHHSX TOrO
xe puga JHK c cooTBeTcTByrOILEH MIOTHOCTBIO OTCYTCTBYeT. BrlnesreHHbIE
u3 xyopomnactos Euglena glacilis monexynsl JHK umerot konbneByro ¢op-
My 4 jutHny 132000 HykJI€OTHAHBIX Hap.

XnopomiacTel 001anaroT CBoel COOCTBEHHOM CHUCTeMOH cHHTe3a Oenka,
CHIBHO OTJIMYAIOIeHcss OT COOTBETCTBYIOIEH CHCTEMBI KJIETOYHOH IUTO-
nja3Mbl. B HEX TakXke cojepKaTcs NMUIMeHTBI, ¢epMEHTBI H JApyrue Oeikn,
HeoOXOMMMBIE JUI CHHTe3a YIJIEBOJOB M3 YTJEKHCIOro ra3a M BOJBI IIPH
ydacTHH conHedHoro cmeTta (dorocunrtesa). HekorTopble U3 TIeHeTHYECKUX
byukmi, HeobxoauMbIX a1 GoTOCHHTe3a H CHHTe3a GefIKOB XJI0poIlIacTa-
MH, 3akondpoBanbl B [IHK xnoponnacros, apyrue —8 sgepHoit JJTHK. Mexa-
HA3MBI (HOTOCHHTE3a W aApyrue (GYHKIHH XJIOPOIIACTOB aKTHBHO HCCIeny-
KOTCS MOCPENCTBOM TeHeTHYeCKOro aHaaM3a MYTAlUMH, 3aTParuBalONIMX 3TH
¢dyaxuuy. HekoTopble H3 3THX MyTalUil MIpH CKpelHBaHUAX 0OHApYXHUBAIOT
MEHJIEJIEBCKOE PACLUEIITICHUE H, CJIeIOBATEIbHO, OTHOCSITCS K IeHaM siiepHOM
AHK. dng ApyrHXx XapakTepHO HeMeHjeJIeBCKOE€ Hacje/loBaHUe; ClleioBa-
TeNbHO, COOTBETCTBYIOIIME TEHBI JIOKAJTH30BAHBl B XJIOPOIIACTAX.



5. Tenom sykapuom

153

B Brigenennoii u3 Euglena JHK npucyTcTByeT emie OaHA caTeUIMTHAs
(pakmus, coXpaHarolasics B KIETKaX, JUIIEHHBIX XJIOPOILTacToB (puc. 5.22).

Drtor Tan JHK nokamn3oBaH B MHTOXOHJPHUSX — OpraHesIax,

OTBET-

CTBEHHBIX 34 JBIXATEIBHYIO aKTHBHOCTH KJIETOK. B MHTOXOHIpHSX B mporec-
cax OKHCJIATENBHOTO (pocOpPHIHPOBAHAS H B IHKJIe TPHKAPOOHOBEIX KHCIOT
obpasyetcst Gosbas 4acte ATP (ageHo3uaTprdocdara) kiretkn. ATP-53T0
OCHOBHOH HCTOYHHK 3HEPIHH, pacxoayeMoll Ha BCe MeTa0OIMYECKHE peak-
IMA KJIeTKH. MUTOXOHIPHH, TaK XKe Kak ¥ XJIOPOILTACTHI, CNIOCOOHRI K caMo-
permukanud. B nx JJHK zaxoampoBaHo MHOXecTBO (GyHKIHH, HEOOXOIUMBIX
JUIS HOpMaJbHOH [bIXaTeJIbHOH AKTHBHOCTH.
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KiroueBrie cjioBa ¥ MOHATUS

Ack

Acxkocnopa

BuesnepHass HacnenCTBEHHOCTb
I'eHeTHyeckass mHTEpdepeHLUs
IeneTnueckas xaprta

['enoMm

['eTrepoxpomMaTun
Ko3dduLueHT KOUHIUICHIINH
Kpoccunrosep

MyTaHTHBIH TeH
HecuenseHnbie reHbl
IlaacTugel

IlonuTenHass xpomocoma
PaccrosiHue Ha KapTe
PexomOunanus

Penunpoxusie TUNBI PEKOMOUMHAHTOB
Pogutennckue THIEI
CaremmutHas JJHK
CuenieHHble T€HbI
Crennennbie X-XpoOMOCOMBI
TpexdakTopHOE ckpermBanue
Yacrota pexoMOUHAIIHH
DyxpoMaTuH

3amaun

5.1. Meimus, roMO3HrOTHBIE 10 MYTAHTHOMY
aysienro ansbmuusma ¢, Geilble, HO ¢ HOp-
MaJIbHBIMH TEMHBIMH IJia3aMH. Y 0coOeid,

TFOMO3HIOTHBIX IO AJJICIIKO p IPYIroro reHa,
rjia3da po30BbIE. HpOBOIII/IHOCL AaHAJIN3UPYyro-
mee CKpeIuMBaHME MEXIY MbINIAMH C I'€HO-
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THIIOM ¢ + /P + ¥ MBIIIIAMH, TOMO3UT OTHBI-
M 10 o0euM MyTalusM; pe3yJbTaThl
npenctasienbl B Tabnuue. PaccunTaiite ya-
CTOTy peKOMOMHAIIMH W I'e€HeTHYECKOE pac-
CTOSIHAE MEX]y 3TUMH TeHAMH.

Penotun Yucno HOTOMKOB
Benvifi, r1a3a TeMHbIE 240
Benplii, riasa pozoBble 31
Temuslii, rnaza TemMHable 34
TeMubili, riasa po3oBble 474

5.2. IlpoBoauin aHaU3UpylOLlee CKpe-
LIWBAaHHE PpACTEHHH ToMaTa, TIeTepo3H-
TOTHBIX 110 PELECCHBHBIM MYTAlMsIM, BBI3HI-
BAIOIIMM KapJIMKOBOCTb pacTeHHil (dwarf)
H ONYIIEHHOCTh NH0M0B (pubescent). Hop-
MajbHBIE QJUIETH 3THX TIenoB 0OyciIoBIn-
BarOT BHICOKHH POCT pacTeHHH M IIajKkoCTh
IJI0/10B. PesyiabTaThl CKpeIMBaHUs
npeACTaBlIeHsl B Tabmuie.

denorun Yucno pacteHuit
BoicOkHe, riajikue 161
BricokHe, omynIeHHbIE 5
KapnukoBele, riajaxue 5
KapiauxkoBble, OnylleH- 118

HBIE

AHaOrH4HOE aHATH3HPYIOWEE CKPEeIIn-
BaHWe APYTOr0 pacTeHHS TOMATa, FeTepo3u-
TOTHOI'O [0 TeM Xe aJIIesiM, 4410 CIeayo-
1iiHe pPe3yTbTATHI:

deHoTHn Uncno pacteHuit
Boicokme, rimaakue 7
BricokHe, OmynieHHbIE 138
KapnukoBble, riagkue 165
KapiukoBble, onynicH- 4

HbIC

IToyeMy nBa CKpEILMBAHUS NAH pa3HbIE
pe3yasTaThl? OUpenelduTe YacTOTY pPEKOM-
OuHanUY U FeHeTUYeCKOe PacCTOSHHE MEeX 1y
JIByMsl T€HAMH.

5.3. CaMmku apo3oduiispl, mpUHANTIEKA-
[[He K JIMHHH C YKOPOYEHHBIMH KPbLIbIMH

(dumpy), CKpemuBaJIUCL C caMIlaMH, y KO-
TOPBIX OTCYTCTBYIOT INETHHKM (spineless).
B nokoneHun F; Bce MyxH HMelH HOp-
MaJlbHBbli PpenoTun. B nokonennn F, u3 1000
MyXx 49 HMeTH KOPOTKHE KPBbLIbs H OBLIIH JTU-
IIeHBl IIETHHOK. B Apyrom skcnepumeHTe
KOPOTKOKPBUIBIX CAMOK CKPEILIMBAJIH C CaM-
aMu JHHAH brown (KOpHMHEBBIE TIJa3a).
B noxonennn F, Bce Myxm obiapgamd HOp-
MaJbHBIM (EHOTHUIIOM, 4 B IIOKOJIeHuH F, u3
3000 myx He OBIIO HH OJHON C KOPOTKUMH
KPbUIbSMH W KODUYHEBBIMHM  IJIa3aMH.
OOBACHATE XapaKTep CHEIIeHHOCTH 3THUX
Tpex TeHOB.

5.4. PenieccuBHBIE MYTAHTHBIE T'eHbl d H
b maxondrca Ha paccTossHMH 15 MopraHuju.
KakoBa uyacToTa NHOSBIEHHS HOPMAIBHBIX
ocobell B MOTOMCTBE OT AHAJIUZHPYIOIIEro
CKpeIlIUBAHHS, B KOTOPOM I€TE€PO3HUI OTHBIA
poauTesb 00namaeT TeHOTHNIOM + bja+ ?

5.5. TlpeanonoXuM, 4YTO B CHTYAIIHH,
n300paxeHHOHR Ha pHC. 5.2, reHbl a U b pac-
NOJIOKEHBl Ha paccTosand 10 Mopranus.
PaccunTaiiTe 0XUnaeMble YaCTOTBI TE€HOTH-
1moB B Nokoyienuu F,. KakoBbl OXxupaeMble
9acTOThl (HEHOTHUINOB, €ClH aJJleJM ad H
b peueccusHpI?

5.6. Ten echinus (ec) oOycioBIUBaeT
y Apo30dui yBelHMYeHHEe TIa3HbIX (aceToK,
a ref cut (ct)—aHOMAJHIO B MOP(OIOTHH
Kpbuia (0Ope3aHHbIil kpaii). CaMKH, TOMO3H-
TOTHBIE I10 €¢, CKPEIMBAIIACH C CAMIIAMH, I'0-
MO3UTOTHBIMH IO ct. B mokonenun F, Bce
caMkd OBLJIH JUKOrO THUINA, 4 CaMIIbl—THNA
echinus. PacnipeneneHue GpeHOTUIOB B TOKO-
nmenud F, mpenctaBieno B Tabmuie.

deroTun Uucno Myx

CaMku ¢ aHoOMaJiMed rias 490
CaMKH JHKOro THIa 510
CaMnpl ¢ aHOMAJIMEH rjas3 420
CaMupl ¢ anoManuei 434

KpbLIbes
CaMipl ¢ aHoMaIned rias 70

H KpPbLIbEB
CaMupl THKOro THOAa 76

a) CueruteHsl JM TeHBl echinus u cut?
©6) Jlokam30BaHbI JI 3TH T€HBI B AyTOCO-
me?
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B) Kakopa uwacroTa pekoMOuHAIHMH Me- CkpeumBanue 1 Q ¢l + / + ck x & clck/clck

Ky HAMH?

deHoTUN NOTOMCTBA Uucno Myx

r) Bemummre dopMyny reHotdna s

Ka)Xa0oro HadJogaeMoro B nNOTOMCTBE KJlac- Kopuunesple riaza 300

ca ocobeH. TobpuposaHHbe KpbIabs 340
5.7. Cuennennas ¢ nojJoM MyTanusid  KopuuHeBble I1a3a M rodpu- 182

chocolate (cho) obycnopmuBaeT y Apozodun  POBAHHBIE KPbINb

KOpHYHEBBIH 1BeT ria3. [ias Toro 4yrobpr  Juxkmi Tun 183

OIIpEeIUTh MECTO 3TOrO I'eHa Ha HUATOJIOTH-
4eCKOM KapTe, aHAJU3UPOBAIH (PEHOTHUIIBI
CaMOK, TeTEePO3HTOTHBIX MO0 HEKOTOPBIM fe-
JeruaM H 3ToH MyTtanuu. Jlokanuzauus co-
OTBETCTBYIOIMX Jlejleliiid H300paxeHa Ha
puc. 5.19. Ha ocHoBaHWH TIpENCTABJIEHHBIX
3/1eCh CBEJICHHH ONpe/IelTATE MECTO reHa cho
Ha reHeTHYEeCKOH xapre.

-

Ckpemupanne I @ sf+/ + ck x & sfck/sf ck

TI'enorun DeHoTHN ria3
Df (1)NSjcho cho
Df(1)N*jcho +
Df(1)dm”*® jcho +

5.8. KopuuHeBbIii 1[BeT I'71a3 y Apo30dui
BBI3BIBAIOT MHOIMe MyTanuu. PaccMoTpum
jBe u3 Hux: clot (cl) u safranin (sf). [lpoana-
JIA3UPYHTE TIPE/ICTABIIEHHBIE 3/1€Ch pe3yJib-
TaThl CKPEIMBaHHs U OTBEThTE HA BOMPOC:
CIIeTJIEHBl JIM 3TH JIBE€ MyTaiuu?

Cxpemmpanne @ ¢l + / + sf x & clsf/elsf

deHoTHI NOTOMCTBA Uucno myx
Kopu4HeBblE rnaza 73
T'nmaza gukoro tHna 27

3aTeM oOIpenessiau CLEIUIEHHOCTh Ka-
XKIOM M3 OTHX MyTallMii ¢ MyTanueit crinkled
(ck), obycnoBiHBaromell pa3BHTHE rodpH-
POBaHHBIX KPbLIbeB. Pe3yIbTaThl CKpeuBa-
HHii npeacTaBieHsl nmwke. OnpegenuTe, cle-
NJeHbl JIM Kakve-mubo napel renos. Ilpu
HOJ0XUTEILHOM OTBETE OIPENIETHTE B3aUM-
HO€E pacrnoJIoXKeHHe TeHOB U PAcCTOSIHHE Me-
KOy HAMH Ha TeHETHYECKOH KapTe.

deHoTHn NOTOMCTBA Yncno myx
Kopuunesbie rnaza 400
Tl'oppupoBanHble KpbLIbS 430
Kopuyuessle rnaza u rodpu- 93
pOBaHHbIE KpBLIbS
Jukuii tuno 92

5.9. V KpoJIMKOB TIOMHHAHTHBIH red B oT-
BETCTBEH 3a YePHBIHA IHUTMEHT B OKPAacKe Me-
Xa, a PELeCCUBHBIA reH b—3a KOpPHYHEBHIH
MUArMeHT. JBa ajiesna Jjokyca anbOMHHU3Ma
chinchilla (¢**) u Himalayan (") Biustot na
pactipejielieHHe MMITMEHTa B MEXOBOM IIOKpO-
Be. Kposuku 4ucTOR (rOMO3UTOTHOMR) JIMHAK
C NIVHIIWLIOBEIM YePHBIM MEXOM CKPEIH-
BAJIUCh C YUCTOU JIMHMEH TuUMalalcKUX Ko-
PHYHeBBIX KpoJMKOB. B F, Bce moToMcTBO
001a1aJ10 YePHBIM IIHHIIHIIOBEIM MEXOM.
3aTeM KpoJIMKOB U3 F| ckpemmBaiy ¢ KOpHy-
HEBBIMH THMAJAHCKHMH; pe3yJabTaThl Ipea-
craBiens! B Tabnuie. KaxoBo cuenneHne me-
XKy JABYMsI reHamMu?

OeHOTHIT HOTOMCTBA Yuciao ocobeit

YepHbIH IUIHHIIMIIOBbIH 244
KopuuneBblil MHHIIHUTOBBIA 134
UepHrili reManaickuai 109
KopuuseBplii ruMaiadckuii 233
5.10. JomMuHaHTHAS MYTAIHUs

Antennapedia ( Antp) B TpeTheil XxpoMocoMe
JIpO30(GHITEl IpeBpaIaeT YyCHKH B KOHEYHO-
CTH ; TOMHHAHTHAS MyTanus Stubble (Sh) BbI-
3bIBA€T YKOPDOYEHHE INETUHOK; PELIECCHBHAS
MyTanus rosy (ry) oOyclOBIHBaeT KPacHO-
BATO-KOpHYHeBHI IBeT rna3. IlpousBoan-
JIoch ckpemBanue @ Antp/ry Sh x & ry/ry;
pe3yiabTaThl TIPEACTABJICHB! B  Tabimie.
OnpegennTe  NOCHEHOBATEIBHOCTE  pac-
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MOJIOKEHHS] MYTAHTHBIX I'€HOB, YacTOTY pe-
KOMOHMHAIIMH M pPacCTOSHHE MEXJY 3THMHU
reHaMH Ha FeHeTHYecKoi kapTe. PaccuMTaii-
Te KO3h(HUUHUEHT KOMHLUMEHIIUA U HHTepde-
PEHITHIO.

PeHOTHN MOTOMCTBA UHeno Myx
JOMOTHUTEIbHbIE KOHEYHOCTH 1140
KopoTKkHe 1IETHHKH, KpacHOBAaTO- 1078
KOpHYHeBbIC ri1a3a
JMKH# THII 58
JonoJHATEIbHbIE KOHEYHOCTH, KO- 70
pPOTKHE INETHHKH
KpacHoBaTo-KOpHYHEBblE IJla3a 110
KopoTkue wmeTHHKM 2
JonomHUTENbHBIE KOHEYHOCTH, KO- 43

POTKHC MLICTHHKH H KpPaCHOBATO-
KOpHYHEBBIE rjlasa

5.11. JJomunanTtHas MyTtanus Lyra (Ly)
B TpeThell XpoMocoMme Npo30¢uibl IpUBO-
JAT K BORHAKHOBEHHIO Y3KHX, JHPO-
00pa3HbIX KPbUIbEB (3T4 MYTAIIMS HAXOIHTCS
110 JIPYI'YIO CTOPOHY OT LUEHTPOMephl OTHO-
cuTelpHO MyTanuu Antp). Ilpouszsomunock
ckpewmBanue Q Antp/LySb ¢ camuamu puko-
ro THIA; pe3yJbTaThkl NPE/CTaBIIeHbl HUXeE.
OnpenennTe NOcIe0BATENBHOCTh PACIIOIIO-
JKEHH sl TEHOB, YACTOThI peKOMOUHAIHIA U pac-
CTOSIHHE MEXIY TeHaMH Ha XPOMOCOMHOIM
kapte. PaccuuTaiTe 110 3TUM JAHHBIM K03d-
¢UIHeHT KOMHLUUACHIMA W 3HAUYCHHAE HHTEP-
(epernnu. CpaBHUTE 3HaYeHHE HHTephepeH-
unH, HaOTroaBIneecs NPH 3TOM CKpelLlHBa-
HUH, CO 3HAa4YeHUEM, IPHUBEIEHHBIM B YC-
JIOBHM npeaplayied 3amayd. Kak Bel Mo-
XKeTe OOBSACHHTL 3TH HabOmoneHus?

DeHOTHN NOTOMCTBA UYucio myx
JOTnOJHUTENbHBIE KOHEYHOCTH 851
JlupooGpasuble KpblIbs, KOPOTKHE 823
INETHHKH
JonoJHATENbHbIE KOHEYHOCTH, KO- 73
POTKHME ILETHHKH
KopoTkue mieTHHKH 42
JIupoobpasHble KpbUTbs 77
J1OMONIHUTENIbHBIE KOHEYHOCTH, JIH- 18
poobpasHble Kpblibs
JonoJHUTENbHbIE KOHEYHOCTH, JIH- 6
poobpasHbie KpblIbsl, KOPOTKHE
IETHHKU
Jukuit THI 6

5.12. B TpeTbeit xpoMocoMe I1pO30GHIIBL
JIOKAJIM30BAHbBl  pEleCCHBHBIE  MYTAI[UH
bithoraxoid (bxd), BBI3BIBAIOIIAS YIBOCHHE
rpyau, u ebony (e), oOyclopiMBaroas
YepHBIA 1[BET Testa. JIOMUHAHTHAS MYyTAallHsl
Contrabithorax ( Cbx ) 04eHb TeCHO CLEILICHA
¢ bxd, Tak 4TO B Mell03¢ OHH PacxoasAICs I10-
YTH Bceraa BMecTe. B nonBeprayToit peHTre-
HOBCKOMY 00yueHuto JHHAA bxde/bxde BO3-
HHUK CUEIJICHHBIH [IOMHHAHTHBIH CyIpeccop
Su (bxd), mopapasromMi NpOsIBIACHHAE T'eHA
bxd u He UMeroMi HUKAKHX JPYTUX (PEeHOTH-
NHYeCKUX nposiBiiennil. CaMios ebony, romo-
3UTOTHBIX Takxke 1o bxd u Su (bxd ), ckpewn-
BaJId C CaMKaMH, rOMO3HIOTHEIMH 110 Chx.
Hdouepeii B MIOTOMCTBe OT 3TOI'0 CKpeEIlBa-
HHUS IOIBEPraji AHATM3UPYIOILEMY CKPEeLH-
BaHMIO ¢ caMuaMu Tuna bxde/bxde; noTom-
ctBo Chx ™, KOTOpOe TakXke JOMKHO ObITh
TOMO3HIOTHBIM M0 TeHyY bxd, BBITJIAEN0 Ciie-
IyromuM odpa3oM:

®enotun motomcrea Chx™ Yucao Myx
butopakconanble, YepHble 156
Butopakcouaubie 72
Yepnsle 256
JIMKuH THII 9

Onpenennte NOCIEAOBATENBHOCTE pac-
MOJIOKEHHS T€HOB, YaCTOThl peKoMOHHAIHH
1 TeHeTHYEeCKHE pacCTOsIHuS. [ToYeMy yIUThI-
BAlIICh TONBKO YeThIpe (eHOTHIHYECKHX
KJIacca B NMOTOMCTBE, & HE BCE BOCEMB?

5.13. I'eurl a, b ¥ ¢ pacnojioxKeHsl Ha Xpo-
MOCOMHOH Kapre B ajdaBHTHOM MOpSIKE.
Paccrosamne mexny remamu a u b 10 cM,
a Mexnay b u ¢ 15 cM. KoadbduuenT xoun-
LIMICHIIMH [1JTs1 3THX reHoB paBeH 2/3. Kakosa
OXHaeMas yacToTa rameT + + + y ocobu
C TeHOTHNOM ab + /+ +¢?

5.14. B HexoTOpO# nuHAH Apo30duUn 00-
HApYyXeHa TOMHHAHTHAS JIETATbHAS B TOMO-
3UTOTHOM COCTOSIHUH MyTalus M, BBHI3HI-
BAIOINAs YTOHBIIICHUE IIETUHOK, 3aMeJIeHAe
pa3Butud. Korga Myx—HocHTenedl 3Tol My-
TallMH —CKPEIUBAIM C MyXaMHu, TOMO3H-
TOTHBIMA TIO pPELEeCCHBHON MyTaluMH rose,
o0ycnoBauBaroeil po30BBIA I[BET IJIa3, TO
PO30BBIE IJIa3a HACIEAOBATHCH MOJOBHHOH
IOTOMCTBA. AHAJIOTHYHO, KOT/Ia MyX —HOCH-
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TeJieil MyTAIIMH — CKPEIIUBAIN C MyXaMH, To-
MOBHIOTHBIMH 110 PELIECCHBHON MyTaluH tilt,
TO XapaKTepHBIH JJIs 3TOH MyTanud (deHo-
TUII TAKXKE MPOSBIISLICSA ¥ MOJOBHHBI NOTOM-
ctBa. Paccrosinne MeXy reHamu rose 4 tilt
coctaBiser 5,2 cM. Kakoea naunbonee Be-
pOsATHAS IIpUpoda HOBOH myTanud M?

5.15. Hekuii paccesHHBIH CTYIEHT OIlpe-
Jlesisiy T0JIOXKEeHHEe Ha KapTe TpeThel XpoMo-
COMBI TPEX MYyTAIlUii, 2 *MEHHO rosy (KPacHO-
BATO-KOPHYHEBBIE Ij1a3a), groucho (ieTHHKH
Hajg D[ia3aM#d coOpaHbl B TYYkH) U ebony
(uepHBIf 1BeT Tesa). K coxajeHnuro, oH 3a-
OBl 3amHcaTh TeHOTUIIBI POJIHTENBCKHX MYX.
IToaTomy oH B3an camok u3 F,, koTopsle Bce
ObUIH IMKOTO THMNA, H TOCTAaBHJI aHas3H-
pyroiee CKpemdBaHue C CaMIlaMH, TOMO3H-
TOTHBIMH TI0 BceM TpeM MyTanusMm. Pe3yib-
TaThbl TPEJICTABIIEHB B TaOuIIeE.

DeyoTUD NOTOMCTBA Yucno Myx

Juxwit tan 51
[ly4yku meTHHOK 144
Yepubie 54
KpacHoBaTO-KOPUYHEBBIE I1a3a 10
YepHble ¢ kpacHOBAaTO-KOPHYHE- 130
BHIMH [JIa3aMH

[lyuykH mMETHHOK, KPacHOBATO-KO- 43
pUYHEBBLIE ria3a

ITy4KkH UIETHHOK, YepHBIE 7
YepHble, NYYKH UIETHHOK; KPacHO- 61

BATO-KOPHYHEBLIE riia3a

a) KaxoB reHOTHII CAMOK JTHKOT'O THIIA U3
nokosennst F,?

6) OnpenennTe NOCIEIOBATEILHOCTD Ie-
HOB Ha XpOMOCOMHOH KapTe H PACCTOSHHS
MEXIY HHMIL.

5.16. Drosophila melanogaster u D.
simulans — GIN3KOPOJICTBEHHBIE BHBI, CIIO-
COOHBIE CKpelUBATLCS W Jarolime rHOpui-
HO€ IOTOMCTBO, OJHAKO CTepu/ibHOE. ¥ 000-
HX BUIOB HU3BECTHBI MyTaIluu, 00nagaromue
OJIMHAKOBBIM  (DEHOTHIHYECKUM TIPOsIBiIe-
HHeM. TOT ke (eHOTHI NPOSIBIAAETCS B THO-
PHUIHOM NOTOMCTBE IIPH CKPEIMBAHUN HIEH-
TUYHBIX MYTAHTOB pPa3HBIX BUAOB. U3 YeThl-
pex MYTAHTHBIX TEHOB, H3BECTHBIX JIJis
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0o0oux BHIOB, JBa pELeCCHBHBI, scarlet (st)
U peach (p), u nBa nomunan s, Hairless (H )
u Delta (Dl); nocnegnue 1Ba, npaBia, OJHO-
BpeMEHHO MpeACTaBiIsAoT coboit penec-
CHUBHBIE JleTasd Juisi oboux BHaOB. OTHOCH-
TeJIbHOE PAaCMOJIOKEHHE ITHX YEThIpEX CIIEH-
JIEHHBIX TEeHOB HA TIeHeTHYeCKHX KapTax
000ux BH0B OBLIIO YCTAHOBIICHO M0 JaHHBIM
AHAJIM3UPYIOIHUX CKPELLMBAHUI, TpeICcTaB-
JIeHHBIM B mmpuiiaraemoii Tadmuue. [TocTpoi-
T€ KapThl TOMOJIOIHYHBIX XpOMOCOM 000HX
Bu0B. YUTO 03HAYaroT MOJyYECHHBIC BAMH
pe3ynbTaThl?

Q@+ HDI+ /st+ +pxdst+ +p

denoTun Uueno Myx Yncno Myx
NOTOMCTBA melanogaster simulans

HDI 400 320
stp 423 330
p 18 69
stH DI 17 75
st 0 181
HDIp 1 181
Hp 2 7
stDI 2 11
DI 10 3
stHp 14 0
Dlp 0 0
stH 0 1
Huxuii THII 85 41
stH Dlp 91 29
H 0 3
stDIlp 1 1

1070 1252

5.17. V ramjoumgHo#l XjeOHOH IeceHn
Neurospora crassa N3BECTHBI JABA TUIMA CKpC-
umBaeMoctd, A 1 a. OGpa3oBaHHe acka Ipo-
HCXOOUT JUUIb HpI/I CIINSIHUHA ﬂnep pa3-
JIMYHBIX THNOB. B Meiio3e THNBI cKpernuBae-
MOCTH BeyT ceOs nogo0HOo aiensiM oHOTO
I'€Ha U PacXOsATCA B pa3Hble ackocnopsl I1o
MPeCTABIEHHBIM JAHHLIM 0 HabOpax ackoc-
IIOp B ackax OIpejeInTe PAcCTOSHHE HA Te-
HETH4ECKOH KapTe OT LEHTPOMEPHI J10 JTOKY-
ca, OmpeAesoIero THI CKPELIHBAEMOCTH.
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Honoxenue cnopel B acke
Yucno ackos

1 2 3 4 5 6 71 8

A A A A a a a a 105
a a a a A A A A 129
A A a a A A a a 9
a a A A a a A 4 5
A A a a a a A A 11
a a A A A A a a 14

—.

-
v{/ 5.18.\}/ TarUIOHAHOM OJHOKJIETOYHOH 3e-
Jeneii _Bopopocta Chlamydomonas reinhardi
CYIUECTBYIOT /[Ba THIA CKPEILUBAEMOCTH,
mt* umt” . CidsiHAe A1ep pa3jid4HbIX TU-
OB MPHABOAHUT K BO3HHKHOBEHHIO [IHMILJIOH/I-
HOM KJeTKH, IIpeTeprneBaroILe BIIOCIIeI-
cTeuH MeHo3. B pesyibraTe Meioza oOpa-
3YIOTCS 4eThIPe 300CIOPHL B BH/E HEyIOps-
JIOUEHHOU TeTpaabl. ¥ MyTaHToB yellow (y)
He oOpa3yeTcs XJI0pOGHIII U KJIETKH OKa3hi-
BAIOTCS KEITHIMH, TOrJA KaK KJETKH C ajl-
NiebHBIM TeHoM y * 3enenwie. MyTant sr?
YCTOMYMB K KOHIICHTPAIMU CTPENTOMHIIMHA,
JIETAJILHOM 7151 YYBCTBUTENBLHBIX KJIETOK (SS).
Mpu ckpemmpanuy sr’mt ¥ y x ssmt ~ y Obiln
0OHApYXKEHBI CIIeIYIOIUHE THIIBI TETPAa:

Yue-

Tuner TeTpan o

srtmtTyT srPmttyt srPmtTy  srimty 9
srtme*y  srPmtty  srPmiTyt osrPmtyt 15

srimtTyt srPmtty  srimtTyt sr’mtTy 25

Bo3BpaTHOE CKpemuBaHde COP THIA Sr2 H3
IIOTOMCTBA C HOCHTENISIMA I'€HA SS IPOTHBO-
HMOJOXKHOTO THNA CKPEINHBAEMOCTH [IAJI0
CHeAYIOILAe TUMLl TeTpai:

Yucno cnop

BosepaTtHoe
CKPCI{HBAHNC C T'€HOTHIOM C TEHOTHIIOM
2
Sr §S
srimt® x ssmt” 30 0
srimt” x ssmt” 0 80

Uto BB MOXeTe cKka3aTb OTHOCHUTEJILHO All-
Jleneil BCeX Tpex IeHOB, YYaCTBOBABIIHX
B CKpELIYBAHHH ]

519. Kak BausgroT HenaOiarojaeMbie
JIBOHHBIE KPOCCHHIOBEPhl HAa OIIEHKY pac-
CT i HA reHeTHYeCKOH kapTte?

520) V Neurospora myTtatuu arg u thi
GIOKHPYIOT GHOCHHTE3 aMHHOKHCAOTHI ap-
TMHUHA H BATAMHHA THAMHHA COOTBETCTBEH-
Ho. I1pu ckpeinyBanuu, B KOTOPOM IIPOUCXO-
JTAJIO paciliellieHde 3THX MYTAHTHBIX aliiie-
JieH, OBLITA TTOJIy4eHbl ACKH MPEeICTABIEHHBIX
HHXKe TUIOB. KakoBO PACIIOIOXEHNE ITHX T'e-
HOB JIpYI OTHOCUTEIHHO Opyra W OTHOCH-
TEJBHO IIEHTPOMEDPHI?

Honoxenne cmop B acke Hnc-
J10
ac-
1-2 34 5-6 7-8 xon
arg thi arg thi + + + + 63
+ thi + thi arg + arg + 60
+ + + + arg thi  arg thi 58
arg + arg + + thi + thi 63
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ToHKkas

CTPYKTYpa
reHa

Korma xpoMocoMHasi Teopusi HAcJeJCTBEHHOCTH 0Opesia NPHU3HAHHE, TeHbI
TPEACTABIISUIACE YeM-TO Bpoje OyCHH, HAHH3AHHBIX Ha HHUTH XPOMOCOMBbI,
a MyTaHTHBIe aJUleJId OJHOI'O I'eHa CPaBHUBANU C OyCHHAMHU pPAa3HOTIO I[BETA,
HIPAYEM CYHATAJH, YTO HA XPOMOCOMHON HHTH MOXET IPHCYTCTBOBATH JTHIID
onHa OycmHa ollpeneneHHOro mBera. llomaranm, 4To pekOMOHHAIMS —3TO
pa3pblB HUTH B IIPOMEXyTKe MeXay OyCHHAMH H IIOC/eAyIolLlee COSIUHEHHE
ee KOHIIOB; CYHTAJNOCh, YTO BHYTpUd T€HOB PEKOMOHWHAIIHS HMPOHCXOMUTH HE
MOXeT. B mpe/CTaBJIeHHH TeHETHKOB TOTO BPEMEHH IeHbl OBLIH HEKOH Heje-
JIAMOH eTHHUIeH peKOMOHHAIIMH, a TAKXe (PYHKIHMHA U MYTAlMd. DTa Teopus
mpocyllecTBoBana npuMepHo m0 1940 r., noka pa3pemiarornias BO3MOXHOCTD
TeHETHYECKOI0 aHaliu3a Oblla OTHOCUTENBHO HEBEIHKA.

3aTeM OblTM OOHApYXKEHBI jiBa 3aMeEYaTeNbHBIX NPHAMEpa TOTO, 4TO APO-
30(UIBI QHKOTO THIA MOTYT MOSBIATBECA B pe3yjbTaTe peKOMOWHAIIMU Me-
KAy MYTAIUsIMH, KOTOpble B COOTBETCTBHUH C (PEHOTUIHYECKHM KPHTEpHEM
JOJKHBI ObLIH OBl CYATATBHCS alieIbHBIMH. [[ns o0o3HAYeHHS] TaKMX MYTa-
U, KOTOpble GEHOTUNIHYECKH BBITIAASIT AJLIeJIbHBIMHA, HO CIOCOOHBI PEKOM-
OMHHApPOBATE APYT C JpyroM, ObLI NPHHAT TEPMHH HcegdodAdeau. Bompochl,
OTHOCSIIMMECS K BHYTPEHHEH CTPYKType I'€HOB, HE ObLIM OIHO3HAYHO PEIICHBI
J10 MOSIBJIEHHS] T€HETHKH MHKPOOPraHU3MOB, /Ul KOTOPOH XapaKTepHa OYeHb
fonbmas paspelatomas crnocoOOHOCTh FEHETUYECKOro ananu3a. B atux pa-
00Tax NOHATUA O €/IHHUIIE MYTAIIMH, eJJUHHIICE PeKOMOUHAIIUH U €/THHUIIE re-
HETHYECKOH (PyHKIUH OBUIM Y€TKO pa3IPaHHYeHbl. | eHeTH4ecKHe HUCCIie/I0Ba-
HHSl, «pacilelUBIIHe» TeH Ha CyObeqUHMLBI, HAYAJIUCh IIPUMEPHO B TO XKE
Bpems, korga YoTcoH M KpHK NpeAllOKHMIA CBOIO MOJENIb CTPYKTYpPhI
JAHK. Brnaromapss wu3y4eHHIO TOHKOH CTPYKTypbl TeHa Obljla 3alojiHEHA
Opelllb B NpeNCTAB/ICHHAX O TeHEeTHYecKOH kapTe M (GU3MYECKOH CTPYKType
Mosexyasl JTHK. D1u UccienoBaHus ONpPOBEPIIiN TEOPHIO HENEIUMOIrO reHa
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4 NPHUBEIH K KOHUEMIMH FeHa KakK MOCJel0BATeIbHOCTH HYKIEOTH/AHBIX Nap
B Monekyste JJTHK. OHH peBosrollMOHH3NPOBATIH T€HETHKY Takxke, Kak peBo-
JIFOIHOHU3UPOBAIIO (PM3HKY OTKPBITHE JEIMMOCTH ATOMa B KOHLE MPOILIOTO
BeKa.

bakrepuodar xak reHeTu4eckas
CHUCTEMa

IIpakTH4yecKkH Bce reHeTHYECKHe IKCIIEPHMEHTH C (araMu BBINOIHSIOTCA 0e3
HEMOCPEeACTBEHHOT0 HAOMIofeHUsl HAj POTUTENSSMH H TOTOMCTBOM. [[ns
onpesnenieHus: PEHOTHNOB H3yYaE€MBIX I'€HETHYECKHX BAPHAHTOB HCHIQJb3YIOT
KOCBeHHBIE MeTOonbpl. Kak yXe TOBOPHIOCH B IJ. 4, TIPUCYTCTBHe (aros
OOBIYHO YCTAHABIMBAIOT TO MX CHOCOOHOCTH yOHBaTh 3apaXkaeMble HMH
Gakxrepun. O npucyTcTBHA (HaroB CBHJIETENLCTBYIOT CTEPHJIbHBIE TISATHA (HX
HA3BIBAIOT TAKKE HEIATHBHBLIMH KOJIOHMSMH WM OJsMIKaMK) B CILIOMIHOM
cinoe OakTepHaldbHBIX KJIeTOK HA NMoBepXxHocTH vamxku Ilerpu (puc. 6.1). Bu-
JIUMOE Ha MOBEPXHOCTH YAIIKH IIPO3pavHOE MSTHO — pe3ysibTaT rudeiu Oax-
TepHATTBHBIX KJIETOK-XO03§€B, 3apa)K€HHBIX NMOTOMCTBOM 23TOoro ¢ara. Cneno-
BaTeJILHO, TIpeXJe YeM paccMaTpuBaTh TeHETHKY (aroB, Ham HAOo
[O3HAKOMHUTLCS C MeTOJAaMu OMHCAHUS (PEHOTUNOB MYyTAHTHHIX ¢aros. bo-
Jiee yriiyOJieHHO TeHeTHKa (aroB OyJeT paccCMOTpEHa B CJeAYIOILEH riiaBe.

L ]

\
&
LA

@
® N “

® Kpamyaras ®

Puc. 6.1. Baktepuansb-
Hpli ra3oH E. coli B

C HETaTHBHBIMH KOJO-
HusimMe (Onstmikamu) da-
ros T4r* wu T4rll
«Kpam4atsie» Gnslku
BO3HHKAIOT B pe3ynbTa-
Te TNPHCYTCTBHS OOOMX
reqoTHnoB. (Stent G.S.,
Calendar R. 1978.
Molecular Genetics, 2nd
ed., W H. Freeman, San
Francisco.) [VmMeeTcs
nepesoa: Cmenwm I'., Ko-
aundap P. 1981. Mone-
KynsipHasi reHeTHka, M.,
Mup.]

}
* o ° .! *
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IIpome Bcero HaOMOAATh MYyTAalHH, BIUSIOIAE Ha MOPGOJOrHIO Hera-
THUBHBIX KoJjioHH#. HekoTopble MyTaliu BIUSIOT HA HX pa3Mep. Jpyrue my-
TaHH MOTYT AaBaTh Jubo Npo3paunble, JUOO MYTHble OIALIKU ([IOCie/THee
ABJISIETCS CEACTBUEM TOTO, YTO OT HH(pekuH NorubaroT He Bce KJIeTKH). Ta-
kue ¢daru, xak T2, T4 u $X174, yOusarwiue Bce HHQUIHPOBAHHBIE KIIETKH
H COOTBETCTBEHHO NAlOIIHe NpO3pautible HeraTUBHBIE KOJIOHHH, HA3BIBAKOTCH
supysenmubimu paramu. ®aru 1am6aa u Pl He Becerna yOHBaroT KIeTKy-Xo-
3sAMHA; CTEpWJIbHBEIC NATHA, oOpa3yeMble MMM, OBIBAIOT MYTHBIMH, a CaMu
(ard Ha3BIBAKOTCA YMEPEHHbIMU; OHH MOTYT CYIIECTBOBATH BHYTpH OakTe-
pUH-XO3HMHA B KadyecTBe Ipodara, He BbI3bIBas €€ JTH3HC.

®ary, zapaxas OakTepHaJIbHbIC KJICTKH, MPEXKJE BCEr0 MPHKPEIIAIOTCS
K CIICIHUANIBHBIM PeLenTOpaM Ha MOBepXHOCTH KJIeTok. IIpuposaa 3THX peuen-
TOPOB T€HETHYECKH KOHTPOJIHPYETCA KJIETKOH, W MOXHO BBIIEIHTE My-
TAHTHBIE INTAMMBI OakTepHil, Yy KOTOPHIX PpeLENTOP BHUAOU3MEHEH TaKuM
0o0pa3oM, uTo dar aacopOHUpoBaThbcs He MoxeT. Myramun dara, aarorue
€My BO3MOXHOCTh IIPHKPEILUIATECSA K GAaKTepHsIM, K KOTOPHIM ¢ar JHKOTO TH-
Ha OPUKPEHHTHCS HE MOXET, IIO3BOJISIOT BBIAEIHTb IeHbl, OTBETCTBEHHBIE 33
ancopbunro, MyTanuu, U3MeHSIOmMe MOPGOIOrHi0 HeraTHBHBIX KOJIOHWUIA,
"M MyTaluH{, BIHAONMe Ha aicopOuuio ¢ara, HCCIeOBATACh B YHCIE
MEPBLIX; OMHAKO OHU COCTABIAIOT JIHIIL HeOOMBINYIO YACTh reHoMa ara.

Bonbmas 4acTe (aroBbIX eHOB KOHTPOJIUpPYET (DYHKIUH, HA00XOAMMbIe
JUTS PETUTHKAIIMH H MPOU3BOACTBA MOTOMCTBA. MyTallMH 3THX FeHOB HpEnsT-
CTBYIOT IOSIBIEHHIO HOTOMCTBa H, CJIeNOBAaTe]bHO, JIETATIbHBI —HETaTUBHBIX
KOJIOHHH He oOpasyercs BoBce. JleTambHble MyTauu (aros, €CiId HE CYATATH
HeKOTOPHIX CIEHUANBHBIX OOCTOATENBCTB, HE MOIYT IIMPOKO paclpocTpa-
HATHCA MOAO0OHO PEeLIeCCHBHBIM JICTAISAM Y MHOTHX 3yKApHOT, IOCKOJIBKY (a-
T¥ TAlJIOUAHBL. YCA08HO AemaAbHbIMU MYMAYuAmMU HA3BIBAIOTCA MYyTAIMH,
JIeTAJIbHbIE ITPH OJHUX YCJIOBUSAX (HA3hHIBAEMBIX HeNePMUCCUGHBIMU WIH pe-
CTPUKTHBHBIMH) U He BIHSIOIME HA pa3sMHOXEHHE (HaroB B JIPYIHX YCIOBUAX
(nepmuccugnbix). IDTH MYTAIMH [O3BOJISIIOT UAeHTUDHIMPOBATH U HU3YYATh
Oosbmyto yacTh reHoB ¢ara. IlepBeIMH yCIOBHO JeTalbHBIMH MYTAlMSMH,
H3yYeHHbIMH B reHeTHke (aroB, Obumm rll-myTtanuu gara T4.

Cuctema rll 6axtepuodara T4

Knaccnyecknit aHaiu3 TOHKOH CTPYKTYphl reHa Obln mpoBeneH CeliMypom
BensepoM Ha rlI-mytanTax ¢ara T4 B 50-x rogax. BeHsep ucnomab3osal aBa
CeJICKTHBHBIX HPEUMYIIECTBA 3THX MyTaHTOB.

Bo-neperix, rII-MyTaHTBI MOXHO OTOOpaTh B OOJIBIIOM KOJIAYeCTBe, IMO-
CKOJIbKY TIpH noceBe Ha E. coli B UX HeraTHBHble KOJIOHHH HMEIOT OYEHBb Xa-
pakTepHYr) MOpQOIOrui0. DTH MYTaHTHl BBI3BIBAIOT OBICTPHIA JIHM3HC Kile-
TOK-XO3MHA, B pE3yJIbTATE€ Y€r0 HX HETaTHBHbIE KOJOHHH IIOJYYaroTcs
HAMHOI'O KpYIIHee, 1eM IIpH 3apaXeHud ¢paroM amkoro tHma (puc. 6.1). Ha
vamike IleTpu onHa-enuHcTBeHHad Omsimika rll erko MoxeT OBITH BbIIEJIEHA
u3 2000 Gsamex tuna rII *. Ucnosib3oBaHie XUMHYECKHX MYTAreHOB CHIBHO
MOBBINIAET 4acTOTYy MyTanuii rIl 1o cpaBHEHUIO CO CIIOHTAHHOH; COOTBET-
CTBEHHO HE3aBHCHMO MOTYT OBITb BBHIIEJEHHI COTHH MyTaHTOB rll.

Bo-BTOphix, bensep obnapyxun, yto r[I-MyTaHTH He JalOT NOTOMCTBA,
korga onu uHbUuApyoT KiaeTkd E. coli K (M), conepxanme npodar A. rlI-
MYyTaHTHI IPUKPEIUITIOTC K TaKUM KJIeTKaM H BBoasT B HHMX cBoro JJHK, Ho
HHOHIHPOBaHHbIe KJIETKH MOrudaroT, He Mpoaynupys ¢aroBoro MOTOMCTBA.
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Tabmuua 6.1. Mopbosorust HeraTUBHbIX KoJIoHMH ¢ara T4 nukoro tuna u rll-my-
TaHTOB

DeHOTUIIBI IIpM IIOCEBE HaA:

dar E. coli B E. coli K (A)

T4rll* Menkue Onsiiuku Menkue Gnsmku

T4rIl Kpynasle OISIIKH Basmiku otcyTcrsyroT (Je-
TaJp)

B 1o xe BpeMs dar T4 puxoro tuna (rII*) HOpMadbHO pa3MHOXaeTcs B E.
coli K (A). D10 ObLIa nepBasi yCIOBHO JieTallbHas CHCTeMa, HCCHEI0BaHHAs
B reHeTuke daros (tabm 6.1). Hecnocobnoctes rll-myTanToB K pocty B E.
coli K (A) maeT ymoOubI crnoco® oTbGopa, nockoibky Ha uamke IleTpu Ta-
KHM CIIOCODOM MOXHO BhinenuTh oxun rII * -gar uz 10° rII-paros. Cueno-
BaTebHO, HMEETCS BO3MOXKHOCTh HACHTHGUIHMPOBAThH (ard IHKOro THIA,
BOBHHKAIOIIHE B pe3yJibTaTe peKOMOWHALIMH MEXAy ABYMs pPa3THYHBIMH
rII-MyTaHTaMu.

Ha puc. 6.2 npencraBiieHa cxeMa JKCIIEpHMEHTA 110 CKpelBaHHIO OakTe-

AB* A*B

OpnHoB peMeHHOe
3apaXkeHHe
B 1€ PMUCCHBHBIX
YCITOBUAX
Puc. 6.2. Cxema ckpe-
IMBAHUS OBYX My-
TaHTHBIX ¢aros, 4 U B.
CkpelmdBaHie OCyIIecT- [Tocep B MepPMHUCCHBHBIX [MoceB B HENepMHCCHBHBIX
BJISIIOT NYTEM COBMECT- YCIOBHAX IR OlleHKH YCHOBUAX IUTst OTIpeiesTeHus
CYMMAapHOH YHCIIEHHOCTH YMCNTA HOTOMKOB C PeKOMGH -
HOTO 3apaxeuHs baxre BCEX EHOTHIOB: HAaHTHBIM FeHOTHIIOM A*B*

AB

CHUBHBIX YCIIOBHSIX. ‘A*B A B
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puodaros. KneTku nepMuccuBHOTO xo3siMHa (IITamMMma B) 3apaxaroT JByms
MYTAHTAMHY, 3aTeM MIOACUUTHIBAIOT OOIllee YHUCIO MOTOMKOB IIpHM BhICEBE Ha
KneTkd wramma B u uucno rll * -pekoMOuHanToB. s 5TOro B KauecTse
X03sA¢HA Ucnonb3yioT mwramMM K (A). Tak kak peluIpoKHble PeKOMOWHAHTEIL,
T.e. IBOMHBIE MYTAHTHI rII, IPH 3TOM HE BBIAEIAKOTCSA, TO CIUTAIOT, YTO Ya-
CTOTA MX NOSIBJEHUS COBIAJAET C YaCTOTON PeKOMOUHAHTOB JUKOTO THIIA.
IloaToMy Ipu pacueTe pacCTOSIHUS HA IEHETHYECKOH KapTe YuCiO PEKOM-
OMHAHTOB JMKOrO THIIA YMHOXAaeTCs HAa JBA:

2 .Yucno notomkos Ttuna rll*

T'eHeTHYECKOE PAcCTOSHHUE = <100 (6.1).

Ob61ee YuCaI0 TOTOMKOB

ITpupona mytauuu B obsactu rll

B monenu ctpyktypel JJTHK Yotcona u Kpuxa npeanonaraercs, 4To 3aMeHa
OJHOH HYKJIEOTHJHOH Hapbl B HOPMAJIbLHON HYKJIECOTHIHOH IIOCE10BATENb-
HOCTM TI€Ha MOXeT IpUBeCTH K (OPMUPOBaHMIO MYyTaHTHOIO (HEHOTHIIA.
MOXHO MPeANoNOKUTh, YTO MYTALUs, B OCHOBE KOTOPOH JIEXKUT 3aMeHa OJ-
HOI HYKJIEOTHJHOM Iaphl, JO/DKHA oOnajmath CiEAYIOIMMU CBONCTBAMH:
1) oGpaTHBlE MyTanuy, MepPeBOAAIIME My TAHTHBIH (peHOTHN B HOPMATBHBIH,
NOJOKHBI IPOUCXOMUTH IPHMEPHO C TOM XK€ 4aCTOTOH, 4TO M IpsaMbie; 2) eit
JIOJDKHA COOTBETCTBOBATHL OIpeseNieHHass TOYKa Ha reHeTH4ecKod Kapre; 3)
Takas MyTaIys JOJKHA 001agaTh CIOCOOHOCTBIO K PeKOMOMHAIIMH C JIFOOBI-
MU JIPYTUMH TOYEYHBIMH MYTAIUsIMH, 32 UCKJFOYEHHEM TeX, KOTOpPbIe Mpen-
CTaBJISAIOT COOOW He3aBUCHMBbIE 3aMEHBI TOW JKe HYKieoTunHo# napel. Heko-
TOpble W3 U3YUeHHBIX beH3epoMm rlI-MyTaHTOB OOJaNaNd MepeduCIeHHBIMH
CBOMCTBaMHy, Jpyrde —HeT. JlaHHBIe, IpeACTaBJieHHbBIe B Tabj. 6.2, MOKa3bl-
BAlOT, YTO YacTOTa OOpaTHBIX MyTamuil K JUKOMY THUIy y pa3jau4HbIx rll-
MYTAHTOB, CIIOCOOHBIX K PEKOMOWHAIMU APYr € APYTOM, CHJIBHO pa3jiuvyaer-
csa. HexoTtopble w3 rII-MyTaHTOB BIOJHE CTAOHJIBHBI U HE PEBEPTUPYIOT
K JIMKOMY Tully (T.e. He naroT Onsamek Ha E. coli K(\)); npyrue pepepTupyroT
K JAMKOMY TUITy C H3MEPUMBIMU H XapaKTePHBLIMU 4acTOTamu. | eHeTHUecKas
kapra rlI-MyTaHTOB, IpeACTaBJIeHHBIX B Tabj. 6.2, u300paxena Ha puc. 6.3.

Pe3yabTaThl peKOMOMHAIHCHHOrO aHalu3a 6osee MmMpokoro Habopa u3
60 He3aBUCHMO IIOJYYeHHBIX r[I-MyTaHTOB IPeJACTABJIECHbI Ha KapTe

Tabauna 6.2. XapakTtepucTuka BocbMH rlI-MyTanToB (ara T4

MyTaHT Tlonoxenune Ha kaprte YactoTa peBepcuit

r47 0 <001-1076
ri04 1,3 <1,0-107¢
r101 2,3 4,5-10°%
ri03 2,9 <0,2-107%
r105 3,4 1,8-10°¢
r106 49 <1,0-107¢

r51 6,7 170.1076

rio2 8,3 <0,01-107°

ITo Benzer S., 1955. Proc. Natl. Acad. Sci. USA, 41, 344,
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Puc. 6.3. TeHeTHUCCKas 47 r104  r101 r103 r105 r106 | r51 r102
kapra rll-mytauuii dara i
T4, NpuBeICHHLIX B 13 eo’f.) 14 i 16
Tabn. 6.2. Lludppsl Han 1,0 2, 19
CTpPEJIKaMH yKa3bIBaroT 1,0 2,8
paccTosiHus. [Benzer S. 2,2 1,5
(1955). Proc. Natl. Acad. 1,1
Sci,, USA, 41, 344.] 14
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Puc. 6.4. Kapta TOHKO# CTDYKTYpBI HECKOJBKHX
yuacTkoB obnactu rIl ¢ara T4, Uucaa mexay
CTpElIKaMH Ha Kaprax y4acTKoB 4, b, ¢ H d 03-
HavYaloT NPOUCHT PeKOMOHHAHTOB JUKOTO THIA,

BO3HMKAIOWINX NPH MONApPHRIX CKPCIUBAHUAX
MEXIy MyTanTaMu. [Benzer §. (1955). Proc.
Natl. Acad. Sci,, USA, 41, 344.]
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(puc. 6.4). TiaTeNnbHOE U3y4YeHHE 3TOR KapThl IIOKAa3bIBAET, YTO HEKOTOPHIE
u3 rII-MyTaHTOB (2 UMEHHO HE PeBepPTHPYIOIIME K JUKOMY THIIY) peKOMOH-
HUpyroT, gaBas rII ¥ mOTOMCTBO He CO BCemMM OCTANLHBIMH rlI-MyTaHTamHu,
HO JIMIIIb ¢ HEKOTOPBLIMH U3 HHX. COOTBETCTBEHHO 3TH MYTAI[MH 3aHHMAIOT
Ha TeHeTHYEeCKOH KapTe y4acTKu OOJbIIMe, 4YeM TOYeHHBIE MYTaIMU (pa3mep
y4acTKa 3aBUCUT OT KOHKPETHOH MyTamuu), M U300paXeHbl KUPHBIMU
YepHbIMHU JIMHUAMY, IEPEKPHIBAIOIIIMMY Ha KapTe MyTalluH, ¢ KOTOPbLIMH OHU
He pexkombunupyroT. Hampumep, paccMoTpum kapty obnactu a Ha puc. 6.4,
MyTaHT 168 pekOMOUHUPYeT ¢ MyTaHTamu 295 U 312, HO HM OOMH M3 3THUX
Tpex MYTAHTOB He JaeT PEKOMOMHAHTOB QUKOro TuUma ¢ myTraHToMm 47. Bce
3TH 4YeThIpe MYTaHTa PEKOMOHHHPYFOT C MyTaHTamu 145, 282 u 228. Ecnu
MYTaHTBI 168 U 295—3T0 TOUeUHble MYTAIlMY, TO MYTaHT 47 HOJIKEH BO3HH-
KaTh B pe3yJbTaTe U3MeHeHHS 0oJiee YeM OTHOH TOYKH HA TeHEeTHYecKOi
KapTe (T.e. U3MeHeHUs OoJiee YeM OJHOW HYKJIEOTHOHOW MHaphi).

OTHOCUTEIIBHO MYTAaHTOB THia 47 ObUIO IIOKa3aHO, YTO OHU IIPECTaB-
JAr0T cobOM Oenenuy MHOTUX IOCIeNOBaTeNbHBIX Map HykiaeoTunos. Hccie-
JIOBaHHE PEKOMOUHAIMYN NBOUHBIX +[[-MyTaHTOB IIOKA3aJi0, YTO TaKHE MYTa-
UMY Kak Obl BBIPE3arOT U3 IeHETUYECKOH KapThl yYacCTKH, PACHOJIOKEHHBIE
MeXIy (IaHKHPYOIIMMH TeHEeTUYeCKUMHU MapKepamy, 3TO HeyIHBHUTEJIbHO,
[TOCKOMBKY Y TaKUX MYTaHTOB (m3uvecku oTcyTcTByeT ydactok JHK mexmy
9TUMH Mapkepamu (puc. 6.5).

W3 sTux ucciaemoBaHuidl ObUI clesiaH BaXHBIN BLIBOA: (PEHOTHIMYECKM He-
pasnmuumble rlI-MyTanuu MOryT OBITH CJIEOCTBHEM JIMOO 3aMeHBI OT/ENb-
HOW HYKJIEOTUIHON Haphl, TUO0 meNleliMM HeKOTOPOro 4Hcjia nap HYKIIeOTH-
moB. CBOMHCTBA, OOHApYXHBaeMble Y TakuX [eJelui, HeJb3s CYUTATD
HEOXHMIAaHHBIMU. [leHCTBUTENBHO, BPSI JIM yTpaTa HEKOTOPOro wucia Hy-
KJICOTUOHBIX [ap MOXeT OBITh OOpaTUMBIM IIPOIECCOM, IIOCKOJIbKY IpH
3TOM JOJDKHBI BOCCTAHABIIUBATLCA TOYHOE YUCIO M IMOCNHEIOBATEIIBHOCTH
3TUX Hap. AHaJIOTMYHO CKPEIIUBAaHHE MeXy HOCUTENIeM Tako#f jeneryd
Y ITaMMOM C TOUYEUHON MyTaluel, pacloioXXeHHOH B y4acTKe, OTCYTCTBYIO-
IIEM y HapTHepa IO CKPeIMBaHUIO, HE JOJDKHO IPUBOIUTH K IIOSABIEHUIO
PeKOMOMHAHTOB QUKOro TUna. Hu ofuH U3 reHOMOB, yYaCTBYIOUMX B TaKOM

r168

‘ ri695

|

r924
z

Puc. 6.5. Cxema, uiiro- 0,34% 0,67% < 7]

CTpUpYIOIIas MEXaHU3M
COKDAUICHHSA T¢HEeTHYe-
CKOTO PAcCTOSHHS Me-
XAy GJIAHKHPYIOMHUME
MapKepaMH IIpH CKpe-
UTHBAHUU (AroBBEIX MY-
TaHTOB, HECYIIMX HAEje-
M0 B OJHOM H TOM
x¢ ydacTke. [ Nomura
M., Benzer S. (1961). J.
Mol. Biol,, 3, 684.]

4,7%

ried8 r1695
i i

} 11695 r924
I8

L 1,0%
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CKPEIIMBaHUH, HEe COJIEPKHT HYXKHOU HYKITEOTH/HOH Naphl B MECTE TOYEYHOH
myTtanud. Cire/1oBaTeIbHO, BOCCTAHOBJIEHHE HYKJICOTHIHOW IOCIIEIOBATEb-
HOCTH JUKOr0 THIIA HEBO3MOXHO.

dyHKIINOHAJIbHbIE OCOOEHHOCTH
rllMyTain

TeHeTHuecKui aHaTH3 COCTOUT B 3KCIEPUMEHTAJIBHOM H3YYEHHU OTHOILlE-
HHH, CYIECTBYIOIMX MEXTYy MyTaHTaMu. (s onpenesieHHs XapakTepa 3TUX
OTHOUICHUH HCHOOJMB3YIOTCS B4 OCHOBHBIX IIPHEMA —~ pPeKOMOUHAYUOHHDLIL
mecm U mecm Ha Komnaemenmayuro. PeKOMOWHAIIMOHHBIH TeCT, KAK Mbl yXe
OTMeYall B IpeAbIYILIEM pa3felne, OIpeneiaseT B3aHMHOe IPOCTPAHCTBEH-
HOE pacloIoXKEeHUe MYTAaOuid Ha TreHeTHueckoil Kaprte. KomimemeHta-
LHOHHBIA TeCT, C APYTOH CTOPOHHI, onpesenseT (HyHKIMOHATIbHBIE OTHOILIIE-
HUS MyTaHTOB. Bce rII-MyTanThl 00Maar0T OJUHAKOBBIM (HEHOTHUIIOM
(trabn. 6.1). OnuHAKOBBI MM UX reHeTHueckue ¢yHKUUU? [[ns OTBETA HA 3TOT
ponpoc kietku E. coli K (M) 3apaxany pa3jMIHbIMU MapHBIMUA KOMOHHAIY-
MM MYTaHTOB rlI, Kak 3TO cxeMaTH4YeCKM H300paxeHO Ha pHC. 6.6. Eciam
B TA4KOW mBaXabl UHGHIUPOBAHHOM KJIETKe BO3HUKAeT HOTOMCTBO (ara, TO
3TO O3HAYaeT, YTO KaX/bI U3 1BYX MYTaHTHBIX (aros ocymrecTBiaseT (yHK-
LIHIO, KOTOPYIO He B COCTOSHMM OCYIECTBJAThL BTOPOH MyTaHT. Takue nBa
MyTaHTa Ha3bIBAtOT KOMIUJIEMeHTapHbBIMH. C Npyroil CTOPOHBI, €CIIH B TaKOH
JBaX¥Abl HHGUIUPOBAHHOH KJeTKe MOTOMCTBA ¢aroB He BO3ZHHKAET, TO ITO
03HauaeT, 4To 00a MyTaHTa He CIIOCOOHBI OCYINECTBIATH OAHY M Ty Xe
¢dyHKIHIO.

KoMmnieMeHTallMOHHBIA aHanu3 rII-MyTaHTOB JIETKO MPOBOAUTCS C IIO-
MOIIIBK) TaK Ha3bIBAeMOIO spot-mecma. Kmetku, unbunupoBaHHbIe rl[-mMy-
TAHTOM ¢ MHOXecTBeHHOCTBbi0 0,1 (mpuMepHOo omuH ¢dar Ha jaecATh OakTe-
pUANBHBIX KJIETOK) CMEIIMBAIOTCS € TeILTBIM PACILUTABJIEHHBIM drapom,
U CMech HAaHOCHTCS HA MOBEPXHOCTh MUTATENbHOH cpeabl B uanike IleTpH.
Korpga arap 3aTBepieBaeT, Ha ero IOBEPXHOCTb KaNalOT HECKOJBKO Kalelb
cpenbl, coaepxained Apyro rll-mMyTtanT. B MecTe majeHus Kaleib HEKO-
TOPBIE KJIeTKH UHPUIMPYroTcs 000MMH MyTaHTamu. Eciu mpu 3T0M npowuc-
XOAUT KOMILJIEMEHTAIUS, TO B UHOUIMPOBAHHBIX KJIETKAX BO3HHEKAaeT MOTOM-
¢TBO (aroB 06GOUX POJMTENBLCKUX TE€HOTHIIOB (a Takke PeKOMOHWHAHTHBIX
TeHOTHIIOB). DTO MNOTOMCTBO HHGUIIMPYeT 3aTeM BCE OCTaJbHBlE OakTe-
pUanbHBle KJIETKU B MOKPHLITOM KaIUtei ydacTke U yOuBaer ux. Takum oGpa-
30M, KOMILTeMeHTanus IPOSBIsETCS B ju3Uce OaKkTepuil Ha MeCTe KaIlTd
(puc. 6.7).

Pe3ynbTaThl KOMIJIEMEHTAIIMOHHOTO TecTa IOKAa3bIBaroT, YTO Bee rll-my-
TalUH, 33 UCKJIFOYEeHUEeM HEKOTOPBIX AENICHUM, paclanarTcs HA JIBE T'PYIITH,
o6o3navacmele kak A u B. CnenoBatenbho, rll-denotunn Mmoxer OBITH 00Yyc-
JIOBJIEH YTpaTo#f oJHOHM U3 jByX reHeTHdeckux ¢yHkuuii, A win B. Hanpu-
Mep, NpHHAAIeKaMi rpynne A MyTanT 104 He 1aeT MOTOMCTBA IIPH OJIHO-
BpeMEHHOM 3apakeHuu ¢ mytaHtamu 47, 101 u 106 (puc. 64) u naer
ITOTOMCTBO IIpM COBMECTHOM HHGeKINH ¢ (aroBLIMH MYTAHTAaMH H3 I'PYIIILI
B, nanpumep 51 u 102. [deneuyu, KOTOpble HE MOTYT OBITh OTHECEHB! HH
K OJHOU W3 3THX IPYII, BKIOYAOT B c€0si HA TeHETUYECKOH KapTe IPaHHIly
MEXJy 3THMH ABYMs IPYNIIaMy KOMIDIEMEHTAlM¥ U IIOTOMY YTPAa4HBAIOT
06e dyHKIMH.
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+ A*B

OpHOBpeMEHHOE
3apaceHHe

B HETIEPMHCCHBHBIX

YCITOBHAX

ITOTOMCTBO OTCYTCTBYET

IotomcTBO (haros

BoiBon: myTtaumd A 1 B Boisog: mytauwn B u C
OTHOCATCA K Pa3HbIM IeHaM OTHOCATCA K OMHOMY H TOMY
Ke reHy

Puc. 6.6. ITotoxuTeapuniii (MyTaHThl 4 U B) u oTpHuate bHbIE (MyTautel B u C)
OTBEThI NP NOCTAHOBKE KOMILIEMEHTAUMOHHOTO TeCTa MEXAY (aroBbIMM MyTaH-
TaMH.
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Puc. 6.7. KomnemenTa-
UHOHHBIH TECT MEXAY
napamu rll-MyTanui
dara T4. Ilats npo-
3pavHBIX NATCH YKa3hl-
BalOT Ha KOMILJIEMEHTa-
nuio. B mectom cexTope
KOMIUIEMEHTAHH HET.

IluctpoH

Hcnonp3oBanHblil bensepoM TecT Ha KOMIUIEMEHTALUIO OlleHUBaeT (hyHK-
LHUOHANbHbIE OTHOHICHUS MEXOy MyTalUsMU, HAXOMSIIAMUCS B mMpaHC-KOH-
¢durypamuu (puc. 6.8). Eciu e myTanum OpuHagjiexaT K OQHOH Ipylle
KOMILIEMEHTANY H HaXOOATCS B MPAHC-IIONOXEHUH, TO OHU He KOMYLUICMEH-
TUPYIOT ¥ IMOTOMCTBA HE BO3HUKaeT. C Npyro¥ CTOPOHBI, eCNU 3TU XKe IBe
MYTAIIUX HAXOOATCS B yuc-IIOJIOKEHUH, TO NOTOMCTBO obOpasyercs. Hanpu-
Mep, ec GakTepHanbHyIo KieTky mramma K (A) OZHOBpPEeMEHHO 3apaXaloT
IBOHHEIM rlI-myTaHTOM u ¢arom T4 gukoro THma, To 06pa3yercss HOTOM-
cTBO 060uX reHoTunos. dar AUKOro TUNA OCYECTBAsCT QyHKIUM, HEOOXO-
JUAMBIe I YCHEIIHOH pellIMKAIlHH KaK FeHOMa JTHKOIO THId, TaK U MyTaHT-
HOro reHoma. Ecium ke [OBe MyTanMd OTHOCATCA K pa3HBIM rpylnam
KOMILIEMEHTAIMY, TO ¥ B HUc-, ¥ B MPAHC-TIONIOKEHUAX OHY NPOABIAIOT OU-
HakOBbIH (DEHOTHUII: MOTOMCTBO BO3HMKAeT B OOOUX CIydasX.
DeHOTUITHYECKOE Pa3IHiHe MEXIY Yuc- H mpaHc-KOHGUTypalusaMu JByX
MyTalu# CIY>)XUT OCHOBOM ISl FeHEeTU4eCKOro TecTa Ha oOIHOCTh (hyHKIUH,
aHANIOTUYHOTO YUC-MPAHC-TECTY, BIIEPBBIE UCNOJIL30BAaHHOMY Dapapmom Jle-
BHCOM YIPH HCCNEOOBAHHA (YHKIMOHAIBHBIX B3aMMOOTHOWICHUHN ICEBIOA-
nened pasnuuHbIX reHoB apo3obmnbl.  Hampumep, wmyrtamum — Star(S)
u asteroid (ast) onpenensitoT GopMy H cTpoenue ria3 nposodunsl. IlepBoHa-
4aJIbHO CYUTAJIOCh, YTO 3T MYTAIMH aJUIeNbHBI, IOCKOJBKY B Mefo3e OHHU



6. Toukas cmpykmypa zena 169

MyTauMH B OHOR M TOH e MyTauuHn B pa3HbIX Ipynnax
rpynne KOMIUTEMEHTALMK KOMIIJIEMEHTALIHH
| X | | Iftamm 1 X | | Dramm 1
trans
| X | | Iramm 2 | | X | Ilramm 3
Peaynbrat: MyTaHTHRIA beHOTHI Peaynbrar: muxwi deroThn
t X X | Iramm1-2 | X [ X | Idramm 1 —3
cis
| | | IDuxwitvn | | | Juscuit Tun
PesynbraT: auxuit heHOTHN Peaynprar: auxui dpenotun

Puc. 6.8. L{uc-mpanc-TecT Kak NpHMep KOMILJIEMEHTAUHOHHOTO TecTa rll-MyTaHTOB.
Ecin deHoTHIHYECKOE NPOSIBICHHE Maphl HCCIASAYEMBIX MYTalMil Pa3siauYHO B yuc-
H Mpanc-NIOJIOXEHUAX, TO 3TH MYTalHM 3aTParuBarOT OJHY U Ty XK€ IeHETHYECKYIO
¢yaxunro. Ecnu ke QEHOTHIEI TOXIAESCTBEHHHI, TO 3aTParHBalOTCS pPas3HbLIE TeHETH-
9ecKHe (DyHKLHH.

Puc. 6.9. ITpuMeHenue yuc-mpanc-TeCTa K ABYM MYTAIHIM APO30GHILIL, 3aTparu-
BAIOILMM CTpOeHHe riasa: Star(S) u asteroid(ast). I'erepo3urora S/ + o6nagaer
JOMHHAHTHEIM MYTAHTHBIM (QEHOTHINOM, TaK Kak OJWH I'eH AHKOTO THOA B JH-
mjIouAHOM Habope He obecmednBaeT HOPMalbHYIo ¢yHkuuio. Ciesa H30OpaxeHa
Myxa ¢ reHoTHnoM Sast/ + +, cnpaBa—S + /ast +. ITockosbKy (EHOTHIEI, CO-
OTBETCTBYIOLIHE JABYM YKA3aHHBLIM T€HOTHIIAM pA3JIHYHBEI, MOXHO CHEJAThb BLIBOZ,
49TO 3TH MYTAIHH MO-PAa3HOMY BO3ACHCTBYIOT Ha OJHY H Ty X¢ (YHKUHIO.
[Lewis E. B. (1951). Cold. Spring Harbor Symp. Quant. Biol, 16, 159.]
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BCerga pacimeltsiauch. MyTamus ast 0003HaYanach KakK Star-peLiecCHB-
Has (s), 4TOOBI yKa3aTh Ha ee aJUICIM3M II0 OTHOIIEHHIO K Star-JOMUHAHT-
Holt MyTamui (S). OnHaKoO TiaTesbHOE HCCIeIOBAHHE TIOTOMCTBA OT CaMOK
¢ reHOTHNOM alSho/ + st, HOABEPTHYTHIX BO3BPATHOMY CKPEILUBAHHIO C CaM-
uamu alsho/alsho, nokasano, 4To H3pe/ika IPH 3TOM MOIYT BO3HHKATH IO-
TOMKY JHKOro Tuna s *. YacToTa BO3HUKHOBEHUS TAKMX OCOGEH COCTaBIsET
okosio 1:10000, 1 BO Bcex cimydasdsx OHH OKa3aJUCh PeKOMOHMHAHTHBIMM IIO
GITAHKMPYIOUMM (PacllONOKeHHBIM 110 00€ CTOPOHBI OT 3TUX MyTaluit) Map-
Kepam al (aristaless) u ho. TeHoTHII Takux ocobelt + + ho/alsho. CymecTtBo-
BaHHe TAKOI0 PeKOMOWHAHTHOTO ITOTOMCTBA CBH/IETEIILCTBOBAJIO O TOM, YTO
MyTamuy S ¥ S paclosioXKeHbl B pa3HbIX TOYKAX XPOMOCOMBI, IpuieM S Clie-
Ba OT 5. UTOOBI OTpa3uTh 3TOT (PAKT, MPHILIOCH SIAF-PELIECCHBHYIO MyTa-
I[MIO IIepEHMEHOBATH B asteroid. OJIHAKO, MOCKOILKY 00e MyTalMu OKa3bl-
BalOT CXOAHOE BiUsHUE Ha ()eHOTHII, BONPOC 00 HX (HYHKIMOHAIBHBIX OTHO-
LICHHAX OCTABANCA OTKPHITHIM. [[JIs OTBeTa Ha HEro OBLIM CKOHCTPYyHUPO-
BaHBl [EHOTHUIIBL, COJEpXKAIIMEe 3T MyTauuu B yuc-(Sast/+ +) W mpawc-
nonoxeHuu (S + ast). Oka3zanoch 4TO Yuc- U mMPAHC-KOH(PUIYpAUU ITHX
MYTaluil UMeIOT pa3Hoe (heHOTUNHYeckoe MposiBnieHue (puc. 6.9), cregoBa-
TeNbHO, 00€ MYTAI[MH BIUSAIOT Ha OJHY H Ty XK€ TeHeTHUeCKYIO (YHKIIHIO.
Jns 00603HaveHUs TakuX (YHKIUOHAIBHBIX OTHOIICHUHA MeX/y OYeHbL TECHO
CHEMIEHHBIMA MYTanMsMy ObLT BBEJEH TEPMHH HCeg00dileAu3M.

VuuThiBas BaXHOCTb Yuc-mpaHc-TecTa Ui OIpejeseHus (YHKIUOHATb-
HOH TeHeTHYECKO! eOMHHLBI, BeH3ep Ipelsoxui Ay O003HAYCHHS TPy
KOMILTeMeHTaIMu rll-myTanuii TepMuH «ucTpon». C Tex mop ymotpebie-
HHE TEPMHHA «IIUCTPOH» B KavecTBe CHHOHUMA IeHa (KaK eUHUIbI (QyHKIUH)
cTamo OOLICTPUHATHIM,

Kaptuposanue rlFMyTanun
C IIOMOIIBIO OeJICHIUN

M3BeCcTHO, YTO NPU CKPEIIMBAHMM MYTAHTOB CO IITaMMANU, HECYIIMIMU [e-
JENUH B COOTBETCTBYIOILIEH 3TON MyTanmuu 0OONAaCTH IeHEeTHYECKOH KapThbl,
Helb3sl MOJIYYUTh PeKOMOMHAHTOB JIMKOrO THIIA. DTOT (GakKT jaeT B PyKH HC-
clefoBaTeed MOUHBIE MeToja aHajiu3a, KOTOphIM BeH3ep BOCIONb30BajCA
JUIsT KAPTUPOBAHUS THICAY He3aBucUMbIX rll-myTanuit. O61yMaHHO ymops-
JIOYeHHLIH Habop neselwi, NopeacTaBiieHHBI Ha puc. 6.10, nemur rll-
obnacTh Ha 47 OTpEe3KOB, OMpPe/EIsIeMBbIX COCEJTHHMH KOHIIAMH Ppa3IHIHbIX
nap jenenyit. /s TOro 4To6bI HOBYIO MYTAIlHMIO OTHECTH K OJIHOMY H3 3THX
47 OTpe3KOB, JOCTATOYHO IPOU3BECTH UYTh OOJBILIE JIECATKA CKPEIMBAHHM,
IIPH KOTOPBIX (DMKCHPYETCs JIMIIL HAIMYUe MJIH OTCYTCTBHE PeKOMOMHAHTOB
JMKOro THra npu nocese Ha E. coli K(A). DTa MeTo/IMKA CXeMATHYECKH W30~
OpaxeHa Ha puc. 6.11. Ilocne TOro kax ycTaHOBJIEHA JIOKAH3alUs HEKOTO-
pOro 4ucia He3aBUCUMEBIX rlI-mMyTalMii B ONIpe/eIeHHOM OTPE3Ke, OCTAaeTCs
YCTaHOBUTH JIUIIb HX B3aUMHOE PACIIOJIOKEHUE JIPYT OTHOCUTEIBHO JpPyTa,
U HeT HeOOXOJUMOCTH ONpe/esaTh HX INOJIOKeHUE OTHOCHTETBHO MyTaI[Hid,
JIOKAJIM30BAHHBIX B APYTUX YYacTKax KapThlL

ITocTpoeHHas TakuM cIocobom (puc. 6.12) xapra TOHKOH CTPYKTYpHI
CHOHTAHHBIX rl[-MyTalUil TOKa3bIBACT, YTO 3TH MyTalndH 0OJiee WM MeHee
ciydalHO pa30pocaHbl MO reHeTudeckoidl kapre. VICK/IIO4eHHE COCTABISIOT
JIBE «TOYKH», MpeACTaBIAroMe co60H BHICOKOMYTaOmibHEe yuacTku JHK.



6. Touxan cmpykmypa zeHa 171

[ - it R S L . ; ‘

ettt 503109 - OO OY OO O 10 K007 100 107 e 100 IS ot < e chorgioi MOAD > 100 [0V, S

R R R I A R R o B D g S A s D R b RTINS

R IR T AN (I I T R — e

(=aQie -q‘w!"uim%&gw&‘gg. ;“ﬁ{;'—?ﬁﬁ“ 3l Po a;&;gégfaéag,-agoéné _ s

A-UHCTPOH B-uHcTpoH—->

Puc. 6.10. [eneuun, KOHUBI KOTOPBIX ACIST 3THX uacTeli Ha OoJiee Melikue ydacTku. Koumsl,
obnacte rIl Ha 47 cerMmenToB. CeMb GOJIBIIMX 0003HaYCHHBIC BHIPE3OM, HE HCIIOJIB3OBAJINCDH
JejleuHii, H300paXCeHHBIX B BEPXHEH YacTH pH- IIpA ONpEe/IeHHH TPaHMI Y4aCTKOB. YKa3aHbl
CYHKa, MO3BOJISIOT PasbHTb 00JacThb Ha CeMb rpaHuubl UHCTpoHOB A u B. [Benzer S. (1961).
yacTefl. OcTajbHblE JEACHHH ACAST KXyl u3 Proc. Natl. Acad. Sci, USA, 47, 403.}

OTa Kapra JeMOHCTPUpYeT BaXHblii (akT, 9To rll-myTanuy, NpUBOASMIIAE
K yTpaTe QyHKIUY, T.e. K OJHOMY U TOMY Xe (EHOTHUIY, MOTYT IPOHCXO-
JIATh BO MHOTHX pa3JMYHBIX TOYKAaX LUCTPOHA. SICHO, YTO dYHCIO BO3-
MOXHBIX amnejed rll ouens Beimko. Ha peanbHOCTH 0OOJee 1iIyGOKOM
JA(depeHIManuy TOHKOM IeHEeTHYeCKOH CTPYKTYPhI yKa3blBAeT TOT (axT,
4TO CIOHTAHHbIE TOYeYHble MYTAIMH, PACIOJIOXKEHHBIE B Pa3HBIX YacTsX
KapThl, peBEPTUPYIOT K AUKOMY THUIYy C Pa3IUYHBIMU M XapaKTE€PHBIMH JJIs
Kaxoil mytanum wactoTamu. CrenoBaresbHO, NPUpoJa 3THX Pa3jIMYHBIX
CIOHTAHHBIX MYTaluid, OOyCIOBIHBAOIMMX OJMH U TOT Xe (eHOoTHII, He MO-
*eT ObITh onMHaKoBo#. CpaBHEeHHe KapThl CMIOHTAHHBIX MYTALMI C aHANO-
THYHOH KapTOH, MOCTPOEHHOH /UIA MyTAlHH, UHAYNHPOBAHHBIX CHEUHAIbHDI-
MH XUMUYECKMMH MYT4reHaMH, [OKa3bIBAeT, 4TO YYaCTKHM IOBBIIIEHHOU
MYyTabUILHOCTH B 3THX K4PTax PACIOJIOXKEHBI B PA3HBIX MeCTaxX, XOTH H CIie-
muGUYHbL Ut Kaxaod u3 Hux (puc. 6.12). DT0 B CBOW O4epe]ab CBH/ETE/b-
CTBYET O CYIIIECTBOBAHUH ellle 00Jee TOHKOH CTPYKTYpHl [€HETHYECKOIO Ma-
Tepuana. I[Ipy KapTUpPOBaHUH MYTAaIHH, IOJYYEHHBIX BCEMM BO3MOXXHBIMU
cnocobamu, ycTaHopneHa npuHamiexHocTs 200 myrtanuit rllA-nucTpoHY
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Puc. 6.11. A. JIBa mocjeqoBaTebHRIX 3Tana
JIOKajIM3auuid HOBOHN rll-MyTanum B OOHOM u3
47 ywactkos kapTel ril-obsactu. IIpexae Beero
MYTauT CKPCHIBBAIOT CO LITAMMAMHY, HECYIIHMMU
Aejieudn «GoJIbIIOH CeMEPKH», W306pakeHH Ol
Ha puc. 6.10. Yncio 0 B rOpH30HTAJBHBIX IIpS-
MOYTOJILHHKAX CJIeBa O3HA4YaeT OTCYTCTBHE BBIfA-
BJIGHHLIX PEKOMOHHAHTOB, 4MCI0 |- IPHCYT-
cTBHe pekoMOuHaHTOB. Uucio Hysel ompene-
JIieT HOMEp KPYIHON 9YacTH oOIacTH, K KOTO-
pO¥i NpUHAMJICKHT MYTAaHT. 3aT€M MYTaHT
CKPCIMBAIOT C KAXJOH M3 Jesleunii, pa3buBaro-
uEx 6OJALUION CETMEHT, B KOTOPOH OH JIOKaJIH-
30BaH, Ha Oojee MEJKHE y4acTKH. Pe3yjanTaThl,
nmoJiydaecMble TaKAM 0Opa3oM AJisi Pas3jIHYHEIX
MyTA4HTOB, NPCSACTABICHLI B IPSMOYTOJIbHHKAX,
MpHUBEJCHHRIX clpaBa. YKCI0 HyJeH B CTpoke

B 3TOM cjydac oIpenenseT Oojiee MEJKHHA yda-
CTOK, KOTOPOMY INPHHAJJICKUT MyTanus. b. Wi-
JIOCTpauMs pe3yJRTATOB, MOJYICHHBIX TPH HC-
MOJIL30BAHUKM METOAa ORICTPOTO BRIABJCHHSA pe-
KOMOHMHAHTOB JUKOTO THIA, IPEAIOXKCHHOTO
BensepoM. B Havase onbita 0,5 MJ1 KYJbTYpPhI

A EO .,

e

E. coli B (IepMHCCHBHOTO XO35iMHA) 3apaXkaroT
¢daraMu OBYX JIMHHMH: coJepxamel cTaHgaprt-
HYIO JEJICUHIO W HCcileayeMyro MyTanuio. Ha
KaXAYI0 KJICTKY NPH 3TOM JO/KHO MPHXOAUTH-
¢ MPHMEPHO IO MATHb (aroBbix 4YacTHu. Ilocne
TOrO KakK BpeMsd, HEOOXOAHUMOe i aJcopOuuu
tara mpoiineT, KaljH KYJIRTYPhl HAHOCAT HA
MOJIOCKH CTCPHJbHOH OyMarm W pacKjaabIBaloT
9TH MOJIOCKH Ha IOBCPXHOCTH 4YalIcK, 3a-
cesHHBIX E. coli KA (peCTpUKTHBHLBIA XO35KH).
EciM B MHQUUHPOBAHHBLIX KJIETKaX BO3HHUK/IH
pEKOMOMHAHTRI QHKOTO THIIA, TO OHH 3apa-
XKarT H Ju3upyloT kietkud E. coliK(X). B pe-
3yJbTATE Y4aCTOK, MOKPRIThIH INOJIOCKOH OyMa-
T'H, CTAHOBHUTCH INpPO3pauyHbiM. OTpHLATEIbHBIN
pe3y/bTaT O3HAYACT, UYTO IOJjisi peKOMOHUHAHTOB
cocTaBisieT Meree 1072 9 oT Bcero mOTOM-
ctBa ¢(ara. [TosBlIcHHE HECKOJBKHX NPO3PadYHbIX
GsillleK Ha MeCTe NycTod OyMaXKH —CJeaCTBHE
PeBEPCHH K JHUKOMY THIy B pe3yjbTaTe TOYEY-
HO#l MyTanuu. [Benzer S. (1961). Proc. Natl
Acad. Sci, USA, 47, 403.]

u 108 myrauuit rlIB-ucTpoHy. B HacTosmee Bpemsi U3BECTHO, YTO NPOTS-
KeHHOCTh rIIA coctaBnseT 1800 HykneoTumublx nap, a rlIIB—850. Mamnoe
KOIMYECTBO MYTALMI BO MHOTMX YYacTKax KapThl ¥ MHOTO MeHbIliee oOiiee
YHCJIO MYTAIMA IO CPABHEHMIO ¢ YHMCIOM HYKJICOTHIHBIX [Iap HABOAWT Ha
MBICTIB O TOM, YTO 00acTh rl] emie majgeko He 10 KOHuA ucciegoBada. Kpo-
Me TOro, MHOTHE MYTaI MOTyT OCTaBaThCsl HEBBLIABJICHHBIMM B CHUJIY TOTO,
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YTO BO3HUKAIOIIHME IIPM 3TOM TIeHeTHYEeCKUE U3MEHEHHs HHKaKk He IIpo-
SABIAIOTCA  (EHOTHUIINYECKH. BBIPOXKIEHHOCTh TeHETHYeCKOro Kkoaa (cm.
1. 12) o3Ha4aeT, YTO 3ameHbl HEKOTOPHIX AP HYKJICOTHIOB HE IPUBOIAT
K 3aMeHaM aMHHOKHUCIIOT B OelkaX, KOAUPYEMBIX COOTBETCTBYIOLIUM IIM-
CTpOHOM. SICHO, OOHAKO, UTO YHCIO TOYEK (CalToB) Ha kapre obmactu rll,
MYTAalM¥ B KOTOPLIX MPUBOIAT K U3MEHEHHIO B ()¢HOTHIIE, COCTABIAET 3Ha-
YUTEIBHYIO 44CTh OT OOuIEro 4YUCIa HYKJICOTHOHBIX Iap B 3TOH odmactu.

ITpenenbHas pa3pelaroiiasi CltoCOOHOCTh
PEKOMOUHAIIUOHHOI O aHaJIn3a

Mytauuu rll [arOT BO3MOXHOCTb OLEHUTHL IPeAeNIbHYIO Pa3peIlarolyro
CIOCOOHOCTh PEKOMOHHAIMOHHOrO aHanu3a. Kak yxe ymoMuHanoch BHIIIE,
moces ¢ara Ha E. coli K (A) maeT BO3MOXHOCTh BBISBHTH €QHHCTBEHHBIH pe-
xoMOuHaHT mukoro tuna ril * w3 10° rll-¢parosbix vactun. ClemoBaTeNbHO,
B COOTBETCTBUM C ypaBHeHUeM (6.1) TEOpPEeTUIECKN MHHHMAILHOE PACCTOSHUE
MEXKIY OBYMS COCEIHUMH Pa3UYMMBIMU MyTanusmu rll JOJDKHO COCTaB-
aatb 0,0002 (2-10%/10° = 2. 10~ %), OgHako MEHMMATIBLHOE HAONIOJAEMOE Ha
KapTe paccTOsSHUE MeXIy coceqHUMU rlI-myTanusamu coctapiser okono 0,02
eqUHHIL (cM. puc. 6.4). MeHbIe pacCTOsSHUSA He OOHApyXeHbI, HECMOTPS Ha
BBICOKYHO YYBCTBUTEIBHOCTh CHCTEMBIL. DTa OLEHKA MUHUMAJIBHO BO3MOXHO-
ro HabJIOJaeMOro paccTOSHMS MEXOY MYTAIUsMH Ha KapTe XOpOLIO CO-
OTBETCTBYET ITOJIYY4eMOM U3 IIPEANONOKEHHUA, YTO MHHAMAIJIBHOH emuHuIei
PEKOMOMHAIIY CIYXUT Iapa HyKJIeoTHnoB. XpoMocoma ¢ara T4 comepXut
1,8-10° myxneoTuaHex nap u umeeT miuHy 1500 egmmun. Taxum o6paszom,
peauuvba 0,02 egMHUNBI COOTBETCTBYET NMPUOIU3UTENBHO ABYM Hapam Hy-
KkJ1eoTHaOB. ITOCKONBKY 3TO JMIIb rpydas OLEHKa, TO eCTeCTBEHHO IpeArno-
JIOXKHTB, YTO K PEKOMOUHAIMH CIIOCOOHBI MYTAIlMM, JIOKAJIU30BaHHLIE B CO-
CeHHUX MApax HYKJIeOTHUAOB. DTO ObLIO YOemHTeNIbHO HOATBEPKIOCHO IIPU
HCCJIEOBAHUY KapThl TOHKOH CTPYKTYpbl reHa trpA. CremoBaTelabHO, TO-
YeuHble MYTAlHH, He JAIOINME NPU CKPEIIMBAHUM PEKOMOMHAHTOB AUKOIO
THIIA, BEPHEE BCErO MPeACTABIAOT COOOH He3aBUCHMBbIE M3MEHEHUs OJHON
M TOH Xe Hapbl HYKJIEOTHIOB.

VToUyHEHHE reHETUYECKOU TEPMUHOJIOTUH

AHanu3 TOHKOH CTPYKTYpHl obnactu rll MO3BONsET OaTh CTPOTHUE OINpEreie-
HUsl Pa3NUYHBIM IOHATHAM, paHee OObeAMHSBLINMCS UIMPOKHM TEPMHHOM
2en. Kax ye TOBOPHIIOCEH BBIlIE, eIMHUIA TEHETHYECKOH (YHKIHM Oblna Ha-
3BaHa beH3epoMm yucmponom M olpeneNieHa C MOMOIIBIO Yuc-MpaHC-TECTa;
HUCTPOH —3TO CHHOHHMM reHa. EAMHHIG reHeTHYecKOo# H3MEHYHBOCTH, KOTO-

Puc. 6.12. Kapra TOHKOH CTPYKTYpHl OOJIaCTH
rll, mocTpoeHHas H300pa’KEHHBIM HA HpEABIAY-
meM pucyske cnocoboM. Kaxneni Gesnlii xBa-
APaTHK COOTBETCTBYET HE3aBHCUMON CIIOHTaH-
HOH MyTauuH. YNOpSOoYCHHE MOCICAOBATEb-
HOCTH MyTanuii BHYTpH KaXgoro us 47 ydact-
KOB OCHOBAaHO Ha JaJIbHEHIIIHX CKPEUIHBAHUSAX
MEXAY 3THMH MyTaHnTaMd. OTYET/HBO BHIHBI

JABE TJaBHBIE «TOPSYHE TOYKH» CIOHTAHHOTO
myTHpoBaHHs. Kaxavmi cepblif KBagpaTHK CO-
OTBETCTBYET MYTAlMH, MOJIYYCHHOH moj AcH-
CTBHEM a30THCTOH KHCJIOTHI, & KKABLIH UBET-
HOH KBaJpaTHK —MyTanusi, HHAYUHMPOBaHHAS
5-6poMypanuinoM. [Benzer S. (1961). Proc. Natl.
Acad. Sci, USA, 47, 403.]
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pyro beHsep Ha3Ban MymoHOM,—3TO MHHEMANbHAS €AUHUIIA LUCTPOHA, CIIO-
cOoOHast MyTHPOBaTb; MYTOH CTPOTO TOXJECTBEH OJMHOM Iape HYKJICOTUHOB
B JJHK. EnyHunia reHetuueckoil pekomMOMHALMM, KOTOpPYHO beHsep HazBan
PeKoHOM, TaKXe IMPEeICTaBiseT cOOOH mapy HYKJICOTHUIOB.

Teneps MOXHO §oJiee TOYHO ONMpPeNEaNTh TaKXe TePMUH d44edb. B kax-
poit touke JJTHK reHa Bo3mMoxHbI deTbipe ucTuHHBIX auiens AT, TA, GC,
CG. DTH awienn HUKOraa He peKOMOMHUDPYIOT APYT € IPYyroM (OJMH U3 HHX
MOXHO MPHHATh B KaueCTBe TUKOro THma). ECM BHYTpH reHa myTaiHell 3a-
TParuBarOTCA pa3IMYHbIe HYKJICOTHOHBIE Maphl, TO aBe (HOPMBI IeHa HA3bI-
BAIOTCA 2emepoditetamu (WIM MCEBIOAILIENAMH). | eTepoasyie M MOryT pe-
KOMOMHHUPOBAaTh APYr ¢ APYyrom, oOpa3ys HOBble PeKOMOUHAHTHBLIE aJLieny
(B TOM 4uCIE anjenb, KOTOPLIA MOXeT ObITh OnpeaesieH Kak qukuii tum). Ie-
Tepoajuleid MOXHO OTJHYHTL APYI OT gpyra IOCPeACTBOM PpeKoMOUHA-
IUOHHOTO aHanmu3a. OOHAKO KOMILIEMEHTAllMOHHBIM aHaTu3, Pa3Iuyaroiiui
muinb (GYHKIUOHANBHBIE eQUHHUNE, KaK NpaBuio, He mH(depeHIupyeT rere-
poanyieNn ¥ UCTHHHBIe ayenu. OOuiee YHCIO HCTHHHBIX ajenelt W rete-
poaiiesnei, BO3MOXHOE JIJIs HaHHOTO TeHa, sABJseTcs (DYHKIMeH BeIMYMHBI
9TOrO reHa: ecy YUCIO ap HYKJIEOTHIIOB, COCTABISIONIMX T'€H, paBHO N, TO
qucno amneneir 4",

KoMruieMeHTalIMOHHBIV aHAJIU3
Y BBICIIINX 2YKapuoT

C reTepoasIeNbHOCTBIO y BBICIINX 3YKAPUOT MBI BIIEPBLIE CTOJKHYJIHChH
B Il 2 Ipu OGCYXKIeHHH JOMUHAHTHOCTY UJIM PEIECCUBHOCTHU aJUIesield reHa,
ONpefeNsIOMEero OKpacky Mexa y KpoymkoB. KOMIIIEeMEHTAlMOHHBIH TecT
[IO3BOJIIET AHAJIH3HPOBATh MYTAIMH, 33TPArHBAIOLINE CIOXKHBIE (HEHOTHIIBI
BBICIIIMX OPraHu3MOB. PaccMOTpUM [B€ DEIECCHBHBIE MYTAlMM TOMATOB:
dwarf (d) (xapmukoBocTs) H pubescent (p) (onyieHHOCTH ItonoB). Hopmans-
HOMY (EHOTHIIy COOTBETCTBYET BBLICOKOE PACTeHHE C [IAAKUMH ILIOAAMHU.
SIBASIOTCS M 3TH MYTAIMM aJUIEIAMH OJHOIrO reHa? A priori MOXHO OBLIO
IPealoNOXKHATh, YTO Y 3THX OBYX MYTAHTOB 3aTPOHYTHI Pa3jIHYHbIC I'€HETH-
deckue U ¢usuonorndeckue GyHkimu. /118 TOro 4ToOBI ONpeNenuTh, 3aTpa-
TUBAIOT JU d ¥ p OOHY U Ty )€ IeHeTHIeCKyro (JyHKIMIO, MOXKHO UCIIOJIb30-
BaTh KOMIUIEMEHTAIMOHHBI TecT. IIpu CKpemmBaHUM TOMO3UTOT p/p
¢ TOMO3UroTamMu d/d noToMcTBo 0bnamaeT HopMaiabHBIM (eHoTHnoM. Kax-
Jasi pOTUTENbCKass raMeTa NPUBHOCHT B 3UTOTY OOMH HOPMANbHBIA I'eH
¥ OMH [OBPEXICHHBIH, TeHOTHII TOTOMCTBA AOJDKEH UMeTh Gopmyy dp */
/d* p. Kak Mbl ¥ Ipennonoxuid pHadaxe, d* u pt —pasnuvHbIE T[EHBL

B kadecTBe ApPYroro IpuMepa pPacCMOTPHM [BE HeE3aBUCHMEBIE perec-
CHUBHBIE MyTauuyl Ipo30¢uiIbl, OOHADYKEHHbIE Pa3HBIMU TeHeTHKAMH U Ha-
3BaHHble raspberry(ras) u prune(pn) coorBercTBeHHOo. Obe MyTaluu cle-
IEHbl C MOJIOM ¥ B TIEMM3UTOTHOM U TOMO3UIOTHOM COCTOSHUU JArOT
[IPaKTUYECKH OJHHAKOBBIH (DEHOTHII: rnasa TeMHO-pyOMHOBOIO IBeTa. [lns
TOTO 4TOOBI ONPEHNeNUTh, He TOXKOECTBEHHBI JIU 3TU MyTalMU, MOXHO MC-
[I0JIb30BATh TECT Ha KOMILIEMeHTaluwo. IIpu CKpeluBaHuu camok ras/ras
¢ camMnamu pn/Y y nodepeit rnasza ObUiu gukoro tuna. CiemoBaTenbHO, 3TH
JBe MYTalM¥ MO/DKHBI 3aTParuBaTh pa3jiMyHble TreHeTHYeCKHe (YHKIMM.
Xpomocoma ¢ MyTaluel ras OMHOBPEMEHHO MOXET OBITH HOCHUTENEM alielis
pn™, a XpoMOCcOMa ¢ MyTallMe#k pn—HOCUTENEM ales ras*, nostomy B F,
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Puc. 6.13. MblmK ¢ pa3siWYHBIMH TeHOTHNAMH Ho T-mokycy: A. + +; B. T +;
B. T/t. (Dr. Yanagisawa Keiko, Mitsubishi-Kasei, Institute of Life Sciences, Tokyo).

CaMKH UMEIOT TeHOTHIl pn + /+ ras, u 3TH JBe MYTalUd MOIYT OBITH Ha-
3BaHBI KOMIIJIEMEH TaPHBEIMU.

HanpoTtus, clemieHHbie ¢ IOJOM PeIeCCUBHBIE MyTauuu white (w),
apricot (a), coffee (cf) u buff (bf), Takxke BIUArOMME Ha LBET a3, B rOMO3U-
TOTHOM ¥ T€MH3UTOTHOM COCTOSHUY IPOSIBIAIOTCA MO-pasHoMy. [IpH sToM
Yy CaMOK, reTepO3UroTHHIX IO JIr000H mape U3 3THX MYyTaluil, UBET ria3 OT-
JMYaeTcs OT auKoro THna. CreaoBaTeNnbHO, Kax/1as U3 9THX MyTaiui J10mk-
Ha 3aTPArUBaTh OAHY U TY Xe TeHETHYeCKYro (YHKIUIO, HO IIO-Pa3sHOMY.
JpyrumMu CioBaMM, 3TU MYTAlMM He KOMIUIEMEHTApHBI JIPYr HOPYyry, T.e.
SIBJAIOTCA AJUIESIAMH OJTHOTO reHa (rema white), ¥ MoO3TOMY IJis1 UX 0003Haue-
Hus Hcromb3yroTes cumBonbl w’, w? u w”. DTu pasnmudble MyTanuu resna
w7 MOrYT CIIyXHTh IPEMEPOM MHOXECTBEHHOTO ajulenu3Ma (M. ri. 2). Pe-
KOMOHHAIIMOHHOE UCCIIe/IOBaHMe 3THX MyTaluil Mbl OOCYAHM B CIeAYIOUIEM
pasnene.

TecT Ha KOMIIJIEMEHTapHOCTH OCOOEHHO ymOOEeH NpU aHaIU3e perec-
CUBHBIX JICTAIBHBIX MyTanud. KOMIUIeMEHTAIIMOHHBIM aHau3 OKa3alics pe-
MIAIOMIAM METOIOM IIpM HUCCIEeNOBAHUM MyTtamui yiokyca T y MbIIIH, MO-
CKOJIBKY MHOTHE M3 MYTAalMH 3TOrO JIOKyca HOJABJISMIOT PEKOMOHHALUIO
B YYacTKe XPOMOCOMEBI, B KOTOPOM OHH HAXOHATCS, Heflasi TaKuM 00pazoM
PCKOMOUHAIIMOHHBIN aHANU3 HEBO3MOXKHBIM, JIOMUHAHTHAS MYyTAallHs, Ha3bl-
Baemasi Brachyrury(T), BO3HUKaeT CIHOHTAHHO B JaOOPATOPHBIX JIMHHUAX
H JIeTKO BBISIBJISAETCS, ITOCKOJIBKY IeTepO3HIOTHBIe MBIIIH (7] + ) UMEOT KO-
porkui xBocT. I'omosurotsl (T/T) nmorubaroT Ha 3>MOPHOHATBLHOH CTaguu
pa3ButHs. BcKope mocjie OTKPBITUS ITOH MyTanuu OOHAPYXKHIIIOCH, YTO HEKO-
TOPBIE JIMHHH, 001aaronHe OIM3KIM K TUKOMY THIIY (PEHOTHUIIOM, SIBJISFOT-
Csl HOCHTEIAIMH PELIECCHBHBIX MyTaluil, 0003HaveHHLIX OykBOif t. IIpH ckpe-
[MUBAHUM TA4KUX JHHUH C TreTepo3sHroramMu 1/ 4+ MNOTOMCTBO MNOJIyYdeTcs
6ecxBOCTBIM (puc. 6.13). DTH t-MyTanuu IPEACTABISIOT COOON perecCUBHLIE
nerand (puc. 6.14). M300paxeHHOe Ha PUCYHKe CKpEeMBAHME HACT YUCTYIO
ymuHuro T)t, OCKOIbKY, BO-IIEPBBIX, JHINb MBIIH C 3TUM TeHOTHIIOM BBIKH-
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Tlorubaer na  BecxBoc-  Mopdonornyeckn
IMGPHOHATIBHOR gt HOpMaJTeH WiId
crazus noruBaet Ha
3MGPHOHATTLHOR
cTammu

Puc. 6.14. TeneTnueckue cpoiicTBa T-
J0Kyca MbimM. A. JoMuHaHTHas MyTa-
uusi T BBI3LIBACT KOPOTKOXBOCTOCTH

y Mbiel ¢ resotuniom T/ +. Penec-
CHBHBIC aJIjIejin t Bbi3biBaroT 6ecxBo-
CTOCTL Y MblleH ¢ reHoTunamu T/t
Kak nokasbiBaior ckpewmBanus, B T,
H t JIeTAJbHLl B TOMO3HIOTHOM CO-

cTosiHun. II0TOMCTBO, TOMO3HTIOTHOE
IO 3THM TIeHaM, norubaer Ha >MGpPUO-
HaJbHBIX CTaAMsX pa3BuTHsA. b. PyHk-
LHOHAJBHYIO TOXJCCTBCHHOCTb pa3-
JIMYHBIX t-ajljlefled X My MOXHO yCTa-
HOBHUTh MOCPEACTBOM YKa3aHHOTO CKpe-
LUBaHUA, ONPEACasis (PEHOTHIIBI, CO-
OTBETCTBYIOUIHE IeHOTHIAM t*/t%.

BAaKOT U CIOCOOHBI aBaTh MOTOMCTBO B CIEAYIOLIEM IOKOJICHWH, a, BO-
BTOPBIX, [-MyTalU¥ OOBIYHO «3aMUPAOT» PEKOMOUMHAIMIO, H 3TOT TEHOTHII
COXpaHSAEeTCs U3 INOKOJICHUsI B IOKOJIeHHe. YUCThle TMHUM TaKOro THUIIA Ha3bl-
BAKOTCS COAAAHCUPOBAHHBIMU AeMAAfimu U, C TOUKU 3PEHUS IeHeTHKa, OYeHb
y1OOHBL, TOCKOJIBKY, AJIs TOrO YTOOBI COXPAHUTH JIBE MYTAIMH JUI Oy TyIIIHX
HCCJIEOBAHUM, HET HEOOXOMUMOCTH IIPOU3BOJIUTEL OTOOP B KAX/IOM IOKOJTE-
HHH.

Tadanua 6.3. CBOICTBA HEKOTOPHIX PEUCCCHUBHRIX (-ajlilesiecii MBIIH

I'pynna

KOMIIEMEH TaIHH Annenu T/t-peHoTHn PexomGunanus
t° £, 16, 30, (16 BecxBoCThIi IMonapiena
87 nt3 HopMannHkIi TMopassexna
(h18 KopoTkoxBoc- IMoBkImena
THRIH
t? 4, 10, 18, w30 BecxBOCTHIH HopmaskHas
12 12, 32, pws2 BecxBocThIH IMonasnena
! YL 93, 12 ge20) BecxBOCTRIH INoaassena
thl’ tW7l, tW72
3 (VS 6, (w10 pwil BecxBocTHIN IMoaasiena
tw13’ tWI4, twlS, tWI6,
tWI7, tW37, tw38, tw39’
tW41, tW46, tW47, tW74,
tW75, thO’ twsl
w73 w73 >
t t BecxBOCTHIIH IMoaaBrena

ITo Bennett D. (1975). Cell, 6, 441.
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B reorpaguueck¥ CUILHO pa3OOIieHHBIX NPUPOMHBIX MONYJISIHAX MbI-
e 6110 0OHApYKeHO OoNblIoe Yucao t-myTauuid. KomieMeH raiiuOHHbIH
aHaJIN3 PELeCCUBHBIX JIeTABbHBIX {-MYTAIUi, TPOBOTHMBIA ITyTeM CKPELIUBa-
HUS pa3/IMYHBIX cOAAaHCUPOBAHHBIX JHMHUH (puc. 6.14), mokazan, 4TO B HEKO-
TOPBIX KOMOHHAIMAX IIOTOMCTBO >KU3HECIIOCOOHO M 00J1a3aeT HOPMAJIbHBI-
MM XBOCTAMH, B JpPYrux rubHeT Ha 3MOpuoHanmpHOH cTaguu. V3BecTHbIE
NeTajbHBle (-MyTanU¥ paclagardTcs Ha IIecTh [PYIH KOMILIEMEHTAI[HM
(Tabn. 6.3). 'eTepo3uroTHele KOMOMHAMY MYTAaIUil, OTHOCAIMXCA K OIHOM
Ipynne KOMIUIEMeHTAIUH, JIETaNbHbI, TOrd Kak ABOHHBIE FeTEPO3UTOTHI 11O
PeLIeCCUBHBIM JICTANSM, OTHOCALMMCSA K Pa3HbiM IpylIaM KOMILIEMEHTa-
IIVH, KU3HECIIOCOOHHI,

PexoMOUHAIIMOHHBLIN aHAJIU3
TOHKOW CTPYKTYphbl I'e¢Ha
y BBICIIIMX 3YKAapUOT: Apo3oduiia

KaprtupoBaHue TOHKOH CTpYKTYpHI retepoajuieNiell y BBICHIMX 3YKApHOTHYe-
CKMX OPraHU3MOB BBHIIOJIHANOCH MOYTH UCKITIOYUTENBHO Ha D. melanogaster.
ITonynspHOCTE 3TOr0 TIeHEeTHYEeCKOro OO0BeKTa OOBSICHIETCS JIErKOCTBIO
KYJbTHBUPOBAHUS MYX U MaJIOH IPONOJIKUTENBHOCTBIO reHepanud. BrisBie-
HUe KPOCCHHIOBEpa MeXHay reTepoaiyensmMu TpeOyeT IOCTAHOBKM ThICSY
CKpelMBaHui W onpenesieHUs] TeHOTHIIOB IOTOMKOB, a 3TO OYeHb IJTUTENb-
Hasg U TpyooemKas Ipouneaypa. B HEKOTOpPBIX Crydasx ISl BBIABJICHUS pe-
JIKUX PeKOMOMHAHTOB MOMKET UCIONB30BATHCA METONHMKA XUMHYECKOrO OT-
6opa, ¥ TOrja paspeliarou@s CIOCOOHOCTh PeKOMOMHALIMOHHOIO aHaju3a
IpUOIIKAETCS K JOCTUTaeMOl IIPU UCIIONB30BAHUM YCJIOBHO JIeTallbHBIX CU-
CTeM y MHKPOOPraHU3MOB.

Haubonee gerajbHO HCCIEAOBAH ¥ APO30GMIIbl LIUCTPOH rosy (ry)— CTPyK-
TYpHBIH T'eH, OTBETCTBEHHBIN 3a CUHTE3 ¢epMeHTa KCAHTHHAETHIPOTeHA3BI
(KAT). Myxu, y XOTOpBIX 3TOT (hepMeHT He paboTaeT (HYJb-aKTUBHBIE MY-
TaHTBHI), IETKO OHPeHeNsaroTCs 10 KPacCHOBATO-KOPHYHEBOMY LIBETY IJa3, BO3-
HUKAIOIEMY M3-3a OTCYTCTBUsS IMIMEHTa M30KCAHTONTEpHHA. JIMUuHKY,
y kKoTopbix oTcyTcTByeT K/II', OueHb 4yBCTBUTENBHBI TaKkKe K OTpaBJISIOLIe-
My OeHCTBUIO NypHHA, NpU M00aBlieHMM ero B Kopm (puc. 6.15). Taxkum
o6pa3oMm, UCMOJNB30BaHUE KOPMaA, COAEPKAIIETO IYPHH, MOXET CIYXHUTb
CcIocoOOM BBIIENIEHHS PelKUX PeKOMOMHAHTOB IMKOrO THIA IPU CKPEIMBa-
Husix Hocutene#t pasmuuHbix KT Hynb-rerepoanneneir. Camxu, reteposu-
TOTHBIE [0 OBYM retepoamiensm rosy (ry*/ry’), B GONBIIOM KOIMYECTBE
CKPEIIMBAIOTCS C CAMIIaMU, reTepO3HrOTHBIMY TI0 ABYM OPYIUM reTepoasie-
nsm 3Toro rena (ry?/ry®). Tlockonbky y camios D. melanogaster pexoMObuHa-
U He IPOUCXOIUT, TO I€TEPOIUTOTHl JUKOrO THNA B MOTOMCTBE MOIYT IO-
ABJIATLCA JIMIIb B Pe3yJIbTaTe pekoMOuHanmuu mexay ry” u ry¥ u obiagats
OJH¥MM M3 IBYX BO3MOJXHBIX T€HOTHIOB: ry ¥ /ry* uwnm ry ™ /ry®. AxTuBHOCTE
KAT y NUYMHOK, reTEPO3UTOTHBIX MO ry*, JOCTATOYHA IJIsI TOrO, YTOOBI
IIO3BOJIMTL UM NOTPEONSATH KOPM, COAEpXKaIMid IIypUH, 6e3 pHCKa I JKU3-
Hu. Bece ocTanbHOE MOTOMCTBO, TeTepO3UTOTHOE IO pa3IMYHBIM reTepoa’ie-
JISM rosy, HorudaeT OT IMypHHA, 100aBIAEMOro B MPOOUPKHU C SIMIKAMU Cpa3sy
[ocjie TOro, Kak M3 9THX NpOOUPOK yAANSIOT poauTened. TUINYHBIA SKClle-
PUMEHT HO BBIOENICHUIO PeKOMOHHAHTOB MUKOro TUIA CTABUTCS cpa3y Ha He-
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Puc. 6.15. Xumuyeckne npeBpaieHus, KaTalH3HPyeMbIe KCAHTHHIETHIPOTEHA30MH
(KAT). A. Obe3BpexuBanue TOKCHYHOTO nypuHa; b. OOpa3oBaHHe M30KCaHTONTE-
pHMHA —TJ1a3HOTO HMHIMeHTa Apo3oduipl. Obe peakuud OCHOBaHbL! Ha 3ameHe H Ha
OH.

CKOJIBKHX COTHSX COAEPXAmMX IypuH mnpobmpkax. CymMMapHYIO YHUCIIeH-
HOCTBb IOrUOIIero NOTOMCTBA MOXHO OLEHATh, OCTABUB OJHY-ABE MPOOUPKU
0e3 nmypuHa U MOACYMTAB YUCIIO MYX B HHUX. ITojgydeHHass TakuMm 0Opazom
kapra TOHKO# cTpykTypbl K/AT'-HyIb-MyTaHTOB MpeacTaBieda HAa puc. 6.16.
Ha xapre, KpoMe TOrO, YKa3aHO IIOJIOKEHUE HEeCKOJIbKHX YYBCTBUTENILHBIX
K IypPUHY MYTaHTOB ¢ HU3KOH akTHBHOCTBr0 K/IT, HO C IBETOM ria3 AUKOro
Tuna. M300paxkeHO Takke IOJOXKEHHE HEeCKOJNBKUX 3JeKTPOdopeTHIECKHX
BapuanToB (epmenta KAT ¢ u3aMmeHeHHOH NOCIeqOBaTEIbHOCTBIO AMUHO-
KHCJIOT, HO COXPAHSAIOMMX (EePMEHTATUBHYIO aKTHUBHOCTD.

ITonoxenue Ha KapTe TOYEK (CaiTOB), COOTBETCTBYIONMX pPa3JIMYHBIM
anekTpo¢OpeTHIECKHM BapHaHTaM, HEIb3s OIpedesIUTh HemoCpPeICTBEHHO,
UCIONb3Ys] KOPM, COmepXKalwii IMypUH, MOCKONBKY BCE 3TH BAPHAHTHI 0OIa-
marT depMeHTaTHBHOR akTuBHOCTHO. CHawana mony4aroT KT -Hynb-my-
TAHTHI COOTBETCTBYIOIMX BAPHAHTOB 3THX TEHOB, BBLACISAS MX IO KPACHOBa-
TO-KOPHYHEBOMY LBeTy Ina3. CafThl 3TUX HyJNb-MYTaldH pa3IvyHbl s
Pa3JIHYHBIX 3JeKTPO(OPETUYECKUX BAPUAHTOB. 3aTeM STH CalTHI HCIOJb-
3YIOTCA KaK HeceleKmusHbvle MapKepbl IPU CKPEIIMBAHUY HYJIb-MYTAHTOB ISt
BBLIENCHUS ry ™ -peKOMOHHAHTOB.

Moxnekyna KT cOCTOMT U3 ABYX OMHAKOBBIX NMOMUIETITUIHBIX ¢IUHHAL 110
160 000 nanbToH Kaxzaast. {111 KoqupoBanus MOIMOENTHAA TAKOH JIIMHBL Tpe-
6yetrca monekyna JHK, comepxamas okono 4500 map nyxneotumos. Ecim
IPEeAIOA0KUTE, uTo MyTaHThl K/IT onpenenstor oOLIyIO IIMHY COOTBETCTBY-
1o1ero cTpykTypHoro reda (0,005 ¢cM), to 0,01 ¢cM = 9000 Hyx1eoTHIHBIM Ia-
pam (1. 1.) JHK. C 1pyroi CTOPOHEL, 3YXPOMATHHOBAS 94CTh TAIIOHAHOIO re-
HOMa Apo30¢HIbI, B KOTOPYIO IONafaeT MOAaBlIsoiee OONBIIMHCTBO BCeX
KapTUPYEMBIX TeHOB, COOEPXUT IpumepHo 1,5-10% H.1. nipu mmane 275 cM;
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M(3)s3¢  Dfd u kar ry pic®st |(3)26 Sb Ubx
t t + u t + + Kapra I1I xpomocombr
44,3 47,5 50,0 51,7 52,0 520+ 522 58,2 58,8
24, 9, 4, 3a 1, 506 203
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201 7
402 204 106 25
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2408
e217 2302
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. R C TPYyKTypHbIE MYTaHThI
”leaky”’-uyBCTBHTENBHOCTH
K OypHHY
ke 0,005 cM 2

Puc. 6.16. Kapra Tonkoii CTpykTyphl rena rosy y D. melanogaster. [Gelbart W. et
al. (1976). Genetics, 84, 211.]

caegoBatensHo, 0,01 cM =5400 v.n. JHK. Bausocts 3TuX OByx He3aBu-
CHUMBIX OIICHOK COOTHOILLEHUS MEXAY MACIITAOHON emuHHIEH reHeTUYeCKOH
kapTel ¥ cTpykTypoit [IHK cBunmerenscTByeT 0 TOM, YTO pa3pellaroias Cro-
COOHOCTh TeHEeTHUYEeCKOrO aHajau3a TOHKOH CTPYKTYpHI IeHa y apo30dubl
CpaBHHAMA C [OCTUraeMOH B reHeTuke (paroB ¥ MUKPOOPraHU3MOB.

Axanu3 TOHKOH CTPYKTYpHI IPOBEIEH JUJIA MHOTUX OPYIUX T€HOB OPO30-
GBI Jaxke B OTCYTCTBUE CHEMANbHBIX cUCTeM O0TOOpA, aHANOrMYHBIX IIypH-
HoBoi. Haubounee ussecteH red Oemoriasus (white), MHOrOYHUCIIEHHBIE MYyTa-
IMH KOTOpOro OOYCIOBIMBAIOT Pa3MYHBIA I(BET IJ1a3 B TOMO3UTOTHOM
COCTOSIHUM U B FeTEPO3UTOTAX C PA3JIMYHBIMUM COYSTAHUSIMU MYTAHTHBIX ajl-
neneit. Breppble onucaHHbi MOPranoM amjens w' HeoOBIYeH TeM, 9TO JaeT
coBepllleHHO Oenbie ria3a. HekoTopele U3 MyTaHTHBIX ajuieedl white mepe-
4yucieHsl B Tabn. 6.4.

PexOMOUWHAIMOHHBIN aHANTM3 MYTAHTOB, TIPENCTAaBJIEHHLIX B Tabia. 6.4,
[O3BOJIMII IIOCTPOHTH KapTy TOHKOW CTPYKTYpbl, H300paKeHHYIO Ha
puc. 6.17. IToctpoerue 3TOH KapThl MOTPebOBaNO BU3YaIbLHOTO OIpEIeneHys
(eHOTUIA MUTMOHOB MYX B ITIOTOMCTBE OT DA3IMYHBIX TUIOB CKPEIHBa-
Hus. KapTupoBaHHBE ajijiely JOKaMH3YIOTCS B BOCBMH Pa3jIMYHBIX CalTax,
cnocobHBIX K pekomOuHanuy. Bee nepeuucieHHble B Tadn. 6.4 ajenu perec-
CUBHHI (33 HCKIIOYeHHeM ABYX: WP u wPZL) m TecT Ha KOMIIJIEMEHTALMIO
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Tab/mma 6.4. HekoTopele MyTaHTHBIC ajulesid TeHa white Drosophila melanogaster

Annens . Lper rmaz" Ilpoucxoxaenue TlospexaeHue
we! Kupnu4so-kpacHuI#H Wupyuupopan ?
PEHTICHOM
whx Kopuunepntit CroHTaHHKIH ?
w’ KpacHosato-kopuyne- Wuanyunposan
BRI DPEHTICHOM
W' OpanxeBo-KOpruHeBRlit ~ CHOHTAHHRLH ?
(MOPKOBHLIIH)
sat TeMHO-pyOHHOBRII » ?
w6323 BecupeTHO-Oe bl HHayunposaH ?
DPEHTICHOM
w1 CeeTno-xeThId CnoHTaHHBIH Bcrapka
1 OpauxeBo-KOPHYHEBRI} » »
) (abpHKOCOBHIIH) . .
W OPpaHXeBO-KOPUYHEBRIH » ?
w3 O paHX€eBO-KOPUYHEBLIit » ?
w OpanxeBo-KOPHYHCBRIi » Bcrabka
w! BecuBeTHO-GERIIA » »
w® CBeTablit XKeATO-PO30- » »
BHI#t (303HHOBLIH)
wh CBeT0-XeIThIH » »
m Kpachaele Touku Ha » »
XKeJITOM g)one y caM-
woB ziw”
sP1
w'P3s TeMHO-XEATHIH y caM- » »
OB, CBETJIO-XEJTRIH
y caMok
Spxue nAaTHA Ha Xed- » »
TOM (OHe; y CaMuoB—
Gosice Temuble
w'P2 Takoit xe, xak y w'! » Jenenns
’P3 » » Wuaynupopan »
DPEHTICHOM
w'Pe » o » To xe »
wh?k CaeTiio-XeNThIi y ca- CroHTauHRIH Bcraska

MOK; OJIM3KHH K JUKO-
My THIY Yy CaMuoB

Ilo Zachar Z., Bingham P.M. (1982). Cell, 30, 529]
'V Myx aukoro Tuma riasa MHTEHCHBHO-KpacHOTO LBETa.

NOKA3bIBAET, YTO BCE OHUW BIHUAIOT HAa (QYHKIMIO, ONPEIEISIOUIYI0O HOp-
MaJibHBIH 1BeT Ina3. OaHako IPH 3TOM B IeHe white IPUCYTCTBYeT U HEKO-
Topoe (QyHKUMOHANLHOe pa3HooOpa3zwe. MyTamuu, PpacnomOXeHHbIE
B OpaBbix caiiTax (W' m w'Pl), melCTBYIOT Kak JOMHHAHTHBIE CYIPECCOPHI
PacHoJIOKEHHOro II0 COCeICTBY IeHa LBeTa IJa3 zeste, TOrAa KaK MYTAIHU
[ISTH JIEBBIX CaliTOB TAaKOro JNEHCTBUA He OKa3bIBaloT. MexaHu3M 3TOH cy-
[Ipeccuy HEeU3BECTEH.

Texnuka pexombunantHoit [IHK mo3Bosimina npoaHaTM3UpOBATH TOHKYIO
CTPYKTYpY I'eHa white METOIOM PECTPUKIMOHHOTO KapTupoBaHus ero JJTHK.
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Puc. 6.17. I'eneTnyeckas xapra TOHKOH cTpykrypbl ¥ kapra JHK nna rema white
Drosophila melanogaster. Toukoii orcyera Ha HmxHell mwkane JHK B Hykneo-
THIOHBIX Mapax BbHIGpaH 3JEMEHT copia, BHI3BIBAIOIIMH MyTauWio w*l. [Zachar Z.,
Bingham P.M. (1982). Cell, 30, 529.]

Ota Meroamuka OyneT ONHCaHa B TN 9, HO caMd PE3YJIbTAThl aHATIH3A MOX-
HO H3NIOXHUTh cefuac. Pectpuknuonnniit ananus JHK MHOTHX MyTaHTOB, 13
9HCJIA IPENCTABIICHHBIX B Tabn. 6.4, 103BOJIAET ONPEICTUTD JCJICIIUH U BCTaB-
KH, IpeBblmaronme pasMepoM 50 H.1. Bonee Menkue n3MeHEHHS, B TOM YHC-
Jie 3aMeHBI OTIENIBHBIX HYKJICOTHAHBIX Map, MOKa Hepa3mmaumbl. Kak ykaswl-
BaeTcsi B Tabn 6.4, u3 14 HCCIEOIOBAHHBLIX HE3ABHCHMBIX CIOHTAHHBIX
MYTaHTOB BOCEMb coAcpXaT BctaBkH OGonpmmx yuactkoB JHK uw omun
(w*?2) mpencrannser coboit menenuro ydactka aauHOM He Menee 100 u.m. U3
IOATH HHOYOUPOBAaHHBIX PEHTICHOBCKHM OOJIydeHMEM MyTanuil aBe OKa3a-
JIUCh KpYNHBIMH JcjienusiMH. bBonpmmucTBO MyTanui, o6YyCIOBIEHHBIX
BCTaBKaMH, €CJIH HE BCE, CBA3AHBI C IPUCYTCTBHEM HNOOBUNCHBIX 34EMEHMO8
B MOCJEIOBATENBHOCTH IOUKOTO THIA TeHa white. [loaBWXHbBIE 3JIEMEHTHI—
3TO [JIHHHBIE INOCJCIOBATEILBHOCTH HYKJIEOTHHOB, BCTPOCHHBIE B TEHOMBI
IPaKTHYECKH BCEX 3YKAPHOT M IPOKAapHOT, U H3peaka CIHOCOOHBIE Cly4aiHo
MEHSATH CBOIO JIOKAU3aIMIO. DTH OCOOEHHOCTH MBI OOCYIUM B CIEAYIOLIHMX
rnasax. OgHa w3 HauboJiee MHTEHCHMBHO HCCIEHOBABUHIMXCA MyTamui w!
00ycnoBieHa BCTaBKOH 3JIEMEHTA copid. DTOT 3JIEMEHT IIPEACTABIAET COOOM
HYKJICOTHIHYIO HOCIECIOBATENBHOCTh qMMHON okojo 5000 H.m, BKIrOYaro-
myo JAHK npoeupyca PHK-perposupyca, mrbUIMPYIOmETo Ipo3odumy.
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Kapra nenenuit u BctaBok B yuactke [HK, cooTBercTByromeM reHy
white, nzobpaxena Ha puc. 6.17. Kak yxe ymoMuHANOCh, OHA CKJIagbIBacTCs
u3 aByx OdyHknuoHaneHbIX oOnacteid. JleBas o6nacte, BKJFOUaromas w'l,
U JeXamye ClIeBa OT Hee MYTAlMH COJCPXAaT MHOTO MyTallMi, KaueCTBEHHO
BJIMSIOIMX HA OTHTMEHTAIMIO I1a3a. CYuTaeTcs, 4T0 3TOT YIACTOK KOAMPYET
HEKOTOPbIA [TOKA €le HEM3BECTHBIA MONMICHTH/ (MJIH MOJHIENTHBI), OTBET-
CTBEHHBIHA 34 NMuIrMeHTanuio rias. Bee Myranuu B mpaBoit obnactu comps-
KEHBl C CHJIbHBIMH H3MEHCHHSMH HOpMalbHOH mocnenoBarteibHOocTH JHK.
Ux ¢enoTHnHUECKOEe ACHCTBHE Nydilie BCETO MOXHO cebe TpenacTaBUTh, CYH-
Tas, 4TO OHH BJHSIOT Ha NPOABJICHHE (IKCIPECCHIO) JIeBOH OOJacTH reHa
white. XoTs rpaiuna MeXay JIEBOH H IpaBOH OONACTAMH 4E€TKO HE YCTaHOB-
JIeHa, OJJHAKO MBI 3HaeM, 4T0 00/1acTh, KOTUPYIOMAS MOJUIEITH, H YIPaB-
nsromas o6acTk copepkart no KpaitHeit Mepe mo 7000 H.©. MIHM HECKOIBKO
6onbmie. UccnenoBanie XpOMOCOMHBIX IEPECTPOCK, JICKAIMUX CIIpaBa H Clie-
Ba, HO HE 3aTParWBAIOIIMX CaM TE€H white, MaIOT BEPXHIOI ONEHKY €ro pas-
mepa —npumepsEo 14000 mv .. JJTHK.

AHanu3 TOHKOM CTPYKTypsl reHa white y nposodunst u ril-renos dara
T4 moxassiBacT, 4YTO H3y4YeHHE (PEHOTHUIHYECKUX PA3IHYUH MOXKET CIYyXHThb
MOIIHBIM METO/OM TI'CHETHYECKOTO AaHAJH3a HYKICOTHIHOH OpraHH3anHH
AHK. N3yuenne reneTHYECKON OPraHU3alMy Ha4aJIoCh ¢ HCCJIEAOBAHUSA TOH-
KO CTPYKTYpbl rena white 3a 40 Jer go TOro, Xax ¢raja H3BECTHA XHMHYE-
CKasl CTPYKTYpa BELIECTBA HACJCACTBCHHOCTH. /leTANLHEIA aHAJM3 TEHETHYC-
CKOH CTpPYKTYpBIL, CTaBIIHHA BO3MOXHBIM Olarofgaps HamIeMy [OHHMAaHHIO
ctpyktypsl AHK, npenpemaer rpanymme B GimkadinieM 6yaymeM BpeMeEHaA,
KOT/a TOHKas CTPYKTypa IeéHa MOXeT OBbITh H3y4eHa B MeTbYaiIlnX IeTasAX.
Mpumenenne Mevona pekombmaanTHbeiXx JHK k mccienoBanmio TOHKOH
CTPYKTYpHI T'€Ha white 3aKpblBA€T OfHY H3 CAMBIX SIDKHX IJIAB B HCTODHH
TCHCTHKH.
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KroueBbie coBa M MOHSATUS

BupynenTHeid dar
I'erepoainenu

JenennoHroe KapTUpOBaHHE
KoMnieMenTanoHHbIH TecT
Myton

HenepmuccuBHble (pECTPUKTHBHBIE) YCIIO-
BHS

ITepMuccuBHbIe ycoBHS
ITceBnoamnens

Paccrosnue Ha xapre
PexoMOHHATIHOHHBIH TeCT

Pexon

C6anancupoBaHHas JI€TAlb
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Toueunas MyTtanus
Tpanc-xoHbpurypanus
VYMepennsblit dar

VcnoBEO NeTanbHasg MyTalHs
Huc-xondurypanus

IucTpon

rlI-cuctema

3agaun

{6.1; OBHapy®eHO WECTb HOBBIX MyTaumit
thara T4. C noMOLBIO KOMIUIEMEHTAHOH-
HOTO TECTA IPOBEACH NONAPHBIA aHaNu3
BCEX MyTanmii. Pe3ysbTaThl IpEICTABJICHBI
B Tabimne. 3Hax « 4 » O3HAYaeT HAJHYHE
IIPO3PaYHOTO USATHA (JIU3HpOBaBIIME OakTe-
pun). Onpenenute rpylmsl KOMIJIEMEHTA-
LMH.

1 —

2 + -

3 -+ =

4 -+ - -

5 — —_ —_ — —

6 + - o+ o+ = -

6.2. ¥ npo3oduibl CymieCcTByeT MHOIO
PEUECCUBHBIX MyTanui, 00yCIOBIIMBAIOUIMX
CTEPUIBHOCTL CAMOK, B YACTHOCTH 3TO MY-
Tauuu dunce u diminutive. OHH CHEIIEHDBI
C TIOJIOM H Ha KapTe PaclojIOXeHbl OYEHb
6:m3ko Apyr ot apyra. Iponymaiite mocra-
HOBKY 3KCIIEPUMEHTA, MO3BOJISIOIIErO OIpe-
€T, aJUICNIBHBL JIM 3TH MyTAalHH.

6.3. HoBas rlI-mytanus dara T4 naer
PCKOMOHMHAHTBI [HKOTO THIIA [PH CKpELIH-
BaHuu ¢ y3 (cM. puc. 6.10), HO He gaeT HX
pu cKpeumBaHuu ¢ 1241. PexomMOuHaHTHI
IVKOTO THIA BO3HUKAKOT TAKXKe HpH CKpe-
WHMBaHuAX ¢ 1993, 1695, PT153 u H88, no
HE TOSBIAIOTCA IpPH CKpeluupanud ¢ 386
U 168. B xaxoM ydacTke xapThl rll noxamu-
30BaHa Mytanusa?

6.4. r1I-MyT1anus, oTobpanHas MpH [JH-
TEJIBHOM KYJbTHBHPOBAaHMH Ha cpeie, co-
nepxamedl  5-6poMypaunmi, naer PEKOM-
OMHAHTOB AMKOTO THIIA NPW CKPCIIHBAHHH
¢ 638 (cM. puc. 6.10). Kpome Toro, pexom-
6MHAaHTBI [OHMKOrO TUHA OOHApPYXHBAIOTCS
B CKPELMBAHUAX C 1589 u 1299 u He obHa-
PYXHBAIOTCI B CKpeumpaHHAX ¢ 196,
W8-33, 187 u 1519. OObwsicHuTe pe3yib-
TATHE
16.5. KapTupOBaHHC TOHKOH CTPYKTYDBI
co IO NIENCHUi MO3BOJIAET OJHO3HAY-
HO JIMECHHO ymopsagounTth Myrtanun. OtMe-
9aTh NpH 3TOM TpebyeTcs UMb MOSBICHUE
(um oTcyrcTBHE) peKOMOUHAHTOB IHUKOTO
tina. B Ttabiune npeacTaBlieHbl pe3yllb-
TaThl IIOMApHBIX CKPEIIMBaHHH  MEXIY
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urecThto rll-nmenenusaMu; 1 o3Ha4aer mo-
SIBJICHHE peKOMOHWHAHTA IUKOTO THIA IpH
ckpeumBanmy, O-otcyrcrBme. Iloctpoiite
TCHETHYECKYIO KapTy ¢ yKa3aHHEM OTHOCH-
TEJILHOM [UIHHBI Kaxaou nenenun. Kakue u3
3THX UIECTH MyTandid Morym 6bl ObITL TO-
4eYHBIMH H NpPH 3TOM Ppe3yJIbTAThI, Mpef-
cTaBjeHHble B TalyMne, He H3MEHHIIHUCH ?

= T S
(=]

oo o=

O ==

[ N = I =]

6.6.)Anp6unu3M y YesoBeka 00yCIOBJIEH
TOMOSHTOTHOCTBIO IO ayTOCOMHOMY perec-
CHBHOMY reHy. B AHrimum ommcaH ciyyai,
KOrfia y CynpyroB-albOMHOCOB PpOIHJIUCH
Tpo€ neTed ¢ HOPMAalbHOH NMHrMEHTanHe.
10T haKT MOXKHO OOBACHHTH 1O KpaiHei
Mepe nBosko. Kax?

6.7 rlI-Jlenenud, ¢ TOMOWIBKO KOTOPBIX

€n3ep pa3bun obnacte rIl Ha 47 yuact-
KOB, ObLIH BLIOpaHbl UM H3 MHOTO GObIIIE-
ro nabopa rll-mytanumii (puc. 6.10). Kax u
B YCJIOBHH 3amauH 6.5, pacmojioXXeHHe 3THX
JIeJIeN Ui TPyr OTHOCHTEJILHO ApPYra MOXXHO
ObIIO  yCTAHOBHTb, IIPOBOAS IONApHBIE
CKpEMBaHUs M OTMeEYass JHNIb IPHCYT-
CTBHE HJIH OTCYTCTBHE PEKOMOWHAHTOB IH-

x —

35585522238 0558
184 0010101101 11000
215 01111111111110
221 01 0100000O0O0T10O0
250 011111111000
347 01110111110
455 0111111110
506 010111110
749 00110110
782 0000010
882 010110
A103 01110
C4 0110
C33 010
C51 00
H23 0

KOro THHa B IOTOMCTBE. B Ttabmmue mpen-
CTaBJICHBI PE3YJbTATEl TAKHX CKPEIIMBAHHIA
o 15 ucnons3oBaHHBIX beH3epoM Hepe-
BepTHpyIoIMX Mytaumi. IlocTpoite reme-
THYECKYFO KapTy i 31X MyTanuid. Cum-
TaiiTe, 9YTO Kaxjgas MyTanus O3HAYaeT
OTCYTCTBHE OJHOTO OIIPEJEIICHHOIO y4acT-
Ka - ApYTHMH CIIOBAMH, JBOHMHBIX MyTanui
B 3TOH rpymme HeT. (Ykazanue: cHadana
OIIpENCNIMTE TOPSJOK KPYIHBIX JEJICIIHIA.)

6.8. CbalaHcHpOBaHHBIEC JICTANbHBIC JIH-
HHH CBHITPald OOMNBIIYIO PONE B Pa3BHTHH
reseTukd aposzodunel. OHEH ciaenatm BO3-
MOXHBIM KOHCTPYHPOBAaHHE CHAAAHCUPO-
BGHHBIX XPOMOCOM, CONEPKAIMMX MHOXE-
CTBEHHbIC HHBEPCHH, 3aIIHPAIOLIHE KPOCCHH-
TOBEp, PCHOECCHBHBIE JI€TAJIM H  TEHBI
CTCpHJIbHOCTH  CaMOK, a TaKxe Jo-
MHHAHTHBIC MYTAllHH, CBHIETE/ILCTBYIOLIHE
O MPHCYTCTBHH XPOMOCOMBI B I'€TEPO3UIOT-
HOM cocTtosinud. Tax, nanpumMep, X-xpomo-
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coma, obo3Havaemas kak FM7-3t0 cbha-
JIAHCHPOBaHHAasi XPOMOCOMa, COjAepXaIas
MHBEPCHH, MYTAallHIO JXEHCKOH CTEPHIIbHO-
CTH H [OMHHAHTHYIO MyTtaumio Bar(B),
Bmsromy Ha ¢dopmy rias. OObpsicHHTE,
MoYeMy HCIOJIb30BaHHE COaJIAHCHPOBAHHOH
XPOMOCOMEI  TIO3BOJISET HEOTPAaHHYECHHO
JONTrO COXpaHATh B X-XpoOMOCOME Jie-
TabHEle M IPYTHE BDEIHbIE MyTanHu’?

69., MyTanum JIOKyca pan y HEHpoc-
Hop.wﬁena}oT HEBO3MOXHEIM POCT Ha Cpe-
Jie, B KOTOpOH OTCYTCTBYET NAHTOTEHOBas
KHCJIOTa, & MYTaHTHI IO JIOKYCY (rp MOTYT
KyJIbTHBUPOBATLCA JIHIIL B IPHCYTCTBHH
Tpuntodana. Mytanus ylo onpeaenseT
XKeJIThIH nBeT crnop (Ipu HOPMAJILHOM Hep-
HOM). Ha ocHOBe IpencTaBJICHHBIX B Tabiu-
¢ AaHHBIX IOCTPOHTE KapTy, MOKAa3bIBAIO-
IIyr0 OTHOIIEHUS MeXay reHamu ylo u trp
U Ppa’IMYHbIMH MYyTanMsMH JIOKyCca pan.
Ackocmopbl, NMOJy4EHHBIE B 3THX 4YETHIPEX
CKpEIMBAHHUAX, BBICCBAIM HA MHHHMAJb-
HYIO cpeny ¢ noGaBleHHEM JIHIIL TpPHIITO-
dana. Bo BCeX CKpemMBaHHAX YYHTHIBAJIH
TCHOTHIIBI 1O HECEJIEKTHBHBIM MapKepaMm
cpend pekOMOMHAHTOB pan ™
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6. 10 Otobpanpl IIECTh PENECCHBHBIX
neTmfbnblx MYTaHTOB BO BTOPOi#l XpOMOCO-
me aposodunbr. Kaxnas nunus cbanaucu-
poBana SM1 (cM. 3agaqy 6.8) u MapkupoBa-
Ha jaoMuHaHTHOM Mytanumein Curly. JIns
TOTO 4TOOBI OHpEAE/IHTh, ABJAIOTCA JH Ka-
KHe-Tub0 M3 3THX JIETaJIEH MyTanusaMU
OMHOTO T€Ha, OBLIH MOCTABJIEHBI CKPEIIHBA-
Hus tHna [4/Cy ¢ x Ig/Cy3.

B npuBenennoi Huxe TabHie 3HAK «+»
O3HAa4aeT NOsABJIEHHE B MOTOMCTBE ocobei,
He Hecymmx npusHak Cy, 3HAK «—» OTCYT-
CTBUE TaKuX ocoOeH. MyTanmusaMH CKOJIbKHX
Ppa3HbIX TEHOB SABISIOTCA OTOOpaHHBIE MIECTh
Jieranen ?

1, + -

14 — + —

1, - + - —

1s + + + + -

1g + + + + - —

YacroTa HECEJEKTHBHLIX MapPKEDOB

CxpeluBaHue
ylotrp* yloTtrp ylotrp ylo*trp*
ylo* panl8trp x ylopan20trp* 0,084 0,053 0,067 0,796
ylo* pan20trp x ylopan18trp* 0,033 0,052 0,710 0,105
ylo* pan20trp x ylopan25trp* 0,160 0,200 0,100 0,54
ylo* pan25trp x ylopan20trp* 0,080 0,270 0,520 0,130

6.11. V nposodunsl cymecTByeT rpynna
PCUCCCUBHBIX NETajlbHBIX MyTanuil Minute
(M), BBI3BIBAIOIIMX 3aMEJICHHOE Pa3BUTHE
H yToHbIIeHHE wweTHHOK. [Ipnm u3yveHun
MyTamMii Minute BTOpOH ayTOCOMBI Cam-
[IOB, TOMO3HUTOTHEIX O MyTauuu cinnabar
(cn), ompenensromeR ApKO-KpacHBIM NBET
a3, MOJABEPrald PEHTICHOBCKOMY OOyde-
HHFO M CKPEIIMBAJIH C CAMKAMH, Y KOTOPBIX

OfHa BTOpas XpoOMOCOMa HeceT cOajiaHcH-
POBAaHHYIO JIeTajdb H MapKApPOBaHA [0O-
munaiTHOH MyTtanueil Curly (Cy) (3aruyToie
KpBUIbs), & BTOpasi— JOMHHAHTHONH MyTa-
nueit Brown (Bw). [TOTOMKOB ¢ 3arayTbIMH
BBEPX KPBUIbSMH, ¥ KOTOPBIX, KPOME TOTO,
ObLIM TOHKHE INETHHKH, CKPEIIMBAJH, Kak
MOKa3aHO HHXE, M1 TOTO, YTOOBI BHIAC-
JUTh JIMHAKO MYyX, HECYUMX HHAYIHPO-
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BanHble Minute:

P:cnM/Cy ¢ x Bw/Cy &
um cnM/Cy & x Bw/Cy @
F,:enM/Cygox cnM/Cy3d 3

Kaxpnoe Takoe cKpemMBaHHE [JaBaJiO JIH-
HHIO, COJAEPXKAIIYIO IPEeaNoNlaracMyo My-
Tauuio Minute. Wctunnbie Mytanun Mi-
nute — peLiECCHBHBIC JICTAA H HUACHTUDHIH-
pyroTcs 1O OTCYTCTBHIO TOMO3HIOT CH
B I[OTOMCTBE OT ckpemuBanus F,.
B omucelBacMOM 3KcIiepuMeHTe ObLIO 06Ha-
pyXcHO 12 BHOBb HHAYLIMPOBAHHBIX MYTa-
nuid Minute, XKaxnas B cOaraHCHPOBAaHHOMH
netanpHOd muHpH. [ Toro 4To6Bl ompe-
IENUTHh, OTHOCATCA JIH 3TH MyTalHH
K OHOMY HIIM Pa3JIMYHBIM TreHaM, ObLI Mo-
CTaBlICH TECT HA KOMILIEMeHTanuo. /s
3TOTO IONMAPHO CKPEMIMBAIN Pa3jIHYHBIC
JsuHuH (IpOHYMEpOBaHHeIE OT 1 pmo 12)
4 HaGJIFofaIM 3a MOSIBJICHHEM B TIOTOMCTRBE
XKHU3HECHOCOOHBEIX TOMO3UTOT ch. Pe3ylb-
TaTpl CKPCIIMBAHHN IPEACTABJICHBI B Ta-
6muye; « +» 03HaYaeT NPHUCYTCTBHE B IIO-
TOMCTBE XXHM3HECNOCOOHBIX TOMO3HIOT CH,
«—» O3HaYaeT WX OTCyTcTBHE. Pa3zbeiite
3TH 12 MyTanmil Ha Ipynnbl KOMIIJIEMEHTa-
ILIMH.

1 23 4 56 7 8 9101112
L — 4+ + + -+ + + + + - -
2 -+ -+ 4+ + -+ 4+
3 -+ 4+ + 4+ -+ + + 4
4 -+ + ++ -+ + +
5 -+ + + + + - -
6 -+ 4+ + 4+ + +
7 -+ + 4+ + +
8 -+ + + 4
9 -+ + +
10 -+ +
11 - -
12 -

6.12. C moMOwWpKw METOoaa, CXeMaTH4e-
ckd u306paxeHHOro Ha puc. 6.2, ompenens-
JI¥ KOJIMYECTBO pekoMOunanToB mexnay rll-
MyTaHTamMd 165 u- 201. Ilpu noncuere
OKa3aJI0Ch, 4TO HYHCIO (DaroBBIX HYACTHIL
B IEPMHCCHBHBIX YCJIOBHSIX COCTaBJIACT
2000, a B HemepmuccuBHBIX —50. KakoBo
paccrosinue Mexay 165 u 201 Ha reHeTHue-
CKoi KapTte?

6.13. CaMOK, TreTepO3HroTHBIX MO ABYM
amtensm rena white (wi/w”), ckpemmpam
¢ CaMLAaMH, TEMH3UTOTHBIMH [10 TeHYy white.
M3 100 000 camoB B mOTOMCTBE OT TaKHX
CKpEIMBAHMA JMIIL [IBa OBUIH C IJIa3aMu
qukoro tuna. KakoBo paccTosiHHE MeEXAy
w? u w” na remeruueckoil xapre?

6.14. Cuenjennas ¢ DOJIOM AOMHHAHT-
Hasg MyTtauus Notch (N) Beipaxaercs B 3a-
3yOpEHHOCTH KPBUILEB, YTOHbIIEHHN JKHIIOK
KpblJia B MCJIKHX HEIPAaBHJLHOCTSX IIETH-
HOK. KpoMe Toro, sta Myranus pereccus-
Has JeTaib. PeneccuBHBIE MyTauuu facet
(fa) u split (spl) BEI3BIBAIOT HapylICHHS HA
[OBEPXHOCTH TIJia3, HO JIETKO OTJIHYHMEI
ApYyr oT apyra. ¥ Myx ¢ reHoTHnamd fa/N
4 spl/N mposBisroTcs NPHU3HAKH, Xapax-
TEpHBIE [ COOTBETCTBYIOLIHX  PEHEC-
CHBHEIX MyTaumid @ g reHoruna N/ +
3TO O3HA4aeT, 4TO N-MyTaHTHas XpoOMOCO-
Ma He CONEPXHT ajurenedl fa* wmmm spl*.
Peneccupuble MyTanuu facet-notchoid (fa")
u notchoid (nd) BBEI3BIBAFOT TAKHC XK€ Hapy-
IIEHHS B PAa3BHTHU KpbUIbEB, Kak ©u N.
¥V Myx ¢ resotunoM nd/N Xpelibs 3a3y6-
PEHBI O4YeHb CHIIHO, a renotun fa"’/N mo-
4TH TOJMHOCTBIO JetajieH; N-MyTaHTHas
XpOMOCOMAa HE COACPXHT aijeieid nd*t wu
fd"*. Ha oOCHOBE UpHBENEHHBIX HHUXE
JI@HHBIX TOCTPOHTE KapTy ITOr0 ICEBHOA-
JIEILHOTO JIOKyca. B Tabmumy BKJIFOUEHBL
JaHHBlE JIHMOIb 1O [JBYM ©3 MHOTHX
N annenei. ‘
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OGuiee yucao

CkpemnBaHue PexOMOHHAHTHLIE caMI(bI caMIos
y wsplsn 9 x fa™3 4yw
+ + fa" + 2 fa" splsn 9400
ywfa™sn 9 x fad 2yw )
+ + fa+ 1fa fa™ sn 8100
ywsplsn Qx yw 4yw
—_— splsn
+ + fa+ ywsplsnd faspl (e oTiaMuarOTCA OT po- 6100
MUTEIbCKHX THIIOB)
+ ndrb 6w’splndrb 38 900
w?spl + S5+ + 4+ +
KHNNIC +
+ splrb 3+ 4+ + + 42482
yNg” +
+ splrb 12y + +rb 41041

Tlo Welshons W. (1958). Proc, Natl. Acad.

Sci USA, 44, 254.

Ilo Welshons W., Halle Van E. (1962). Genetics, 47, 743.

6.15. Kax U3MepuTh 4acTOTy PEKOMOH-
Haumi Mexny r168 m r924 mpH CKpelmBa-
uun  r168r1695 x r1695r924 B cuTyanum,
CXeMaTHYECKH H300paxeHHOW Ha pumc. 6.57
(HeobxonuMo  HCIONBL30BaTh  IPOCTOM
u OBICTpEIA crmocob CKpemmBaHHs, H306pa-
*eHHBIT Ha puc. 6.11. Cuymraiite, 410 BEHI
pacrosaraeTe JHHUAMY C €AHHUYHBIMHA 7]]-
MyTanUsMH, a TaKkKe JBOHHBIMH MyTaHTa-

ML)
{Z.\!&MyTauHH Heiipocniopsl am? u am®
pat

1’ee HeCmOCOOHOM K pOCTy Ha cpere

0e3 rIMUMHA HJIH COJEpXaiueH ero B KOH-
neHTpanun, MeHsnIek 0,02 M. 31uM MOXHO
BOCIIOJIb30BATECS B Ka4eCTBE HHCTPYMEHTA
a1 o1bopa peKOMOHHAHTOB JHKOTO THIIA,
obpa3yrolMxcss NpH CKPEIIMBAHMH  OBYX
MYTaHTHBIX JuHHH. Pe3ynbTathl cKpemsa-
HHIi [peicTaBiieHbl HUXE; inos u sp—(dian-
KHUpyolme Mapkepbl. YTO MOXHO CKa3aTth
IO pe3yibTaTaM CKpEIUBAHHA?

e pomns eormes S e
CxpernupaHue B acx%}(,:rlopax amg N a::o? Bk ac- an a
‘;‘3'?? KOCIIOP, 10° xu-
sptinos  spinos  sptinos  spinos* ThHIC. ‘;’ggng‘;
am?® x am? — — — — 0 456 —
am® x am® — — — — 0 585 —
am?® x am’® — — — — 14 651 21,54
spam?inos* x sp*an®inos 0 0 0 0 0 209 —
spam?inos™ x sp*amdinos 0 6 0 17 23 1549 14,85
sptam?inos x spam®inos* 0 8 7 9 24 1214 19.77
spam?inos x sp* am’inos* 6 9 6 5 26 881 29,45
sptam?inos* x spam®inos 7 4 2 4 17 1148 14,80
Hroro: 104 5443 19,11
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BHpYCBI—3TO CIIOXHBIC HYKJICOIMPOTEHHBI, HCIOJB3YIOLIME MeTa00InuecKui
anmapaTr 3apaXeHHOM HMH KJIETKH i1l COOCTBEHHOTO pa3MHOXeHHs. MHO-
rue baxTeprodarn (Hanpumep, T4), BApYyChl pacTCHHI H XHBOTHBIX yOMBaIOT
HHOHUOIPOBAHHEIE KJIETKH B Iponecce pa3MHoxeHus. [Jpyrue BUpycsl He pas-
PYILIAFOT MOJHOCTHIO HH(HIMPOBAHHYIO KJIECTKY, & IO3BOJIOT €l pacTd
U AETHThCS, MPOU3BOAsl M BBLICHAA HAPYXKYy IOTOMCTBO BHpPYCOB. TpeThw,
nonobuele Gakrepuodary h m o00e3psHBEMy BHpycy 40 (SV40), Moryr
BCTPAHUBATHCS B FEHOM XO35IMHA M IMACCHBHO PEIUIMLHPOBATHECS MO MEpPE poO-
CTa W OeJIcHHs KJIETKH (T.€. MepeXOqUTh B COCTOSHHE IIPOBHPYCA).

Hccnenosanue BHpPYCOB, 0COOCHHO OaKTepHAJIbHBIX, BHECTIO OTPOMHBII
BKJIA/{ B Hallc TOHHMaHHE I'CHCTHYECCKHMX sBJICHHHA. BricTpoe pasmMHOxeHHE
G6akTepuodaroB 1acT BO3MOKHOCTH 33 OJTHH CYTKH [IPOH3BOJUTH CKPEIIHBA-
Husl B IOTOMCTBE JBYX IIOCJICAOBATEILHBIX MOKOJICHHH. AHAJIOTHYHBIE CKpe-
mMBaHus Ha apo3oduie TpebyroT 3,5 Henelb, a HA KYKypy3e —II0 MeEHbIIeH
Mepe roaa. KpomMe Toro, orpomMHasi YHCJICHHOCTb (ParoBbIX NOMYJISLHMA, CO-
JIEPXKALIMKCA B HECKOJbKHX MHJUIMJMTPAX KyJIbTypajbHOH >KHIKOCTH, HacT
BO3MOXHOCTE HAaOFOJaTh OYCHb PEIKME TEHCTHYECKHE COOBITHA. Manbli
pa3Mep T€HOMOB MHOTHMX ()aroB IO CPaBHCHHIO C TCHOMOM OakTepuil, Ha-
npumep E. coli, mo3Bonser uneHTHNUIMPOBATE BCE WM IO KpaidHEH Mepe
60BIIMHCTBO (PAroBLIX TEHOB M BeChbMa MOApPOOHO NpencTaBuTh cebe reHe-
THYECKYIO OPTAaHW3AIMIO U PEeryJIsuiio reHoma B nenom. I'enom dara ¢pX174
COCTOHMT BCETO M3 AEBATH TE€HOB, TCHOM (dara nsambOaa —MeHee 4eM u3 60, Tor-
Ia KaKk TeHoM E. coli HacuuThIBaeT, BEPOSTHO, HECKONIBKO ThICAY reHOB. Co-
4ETAaHHME 3THX 3AMEYATEIBHBIX JOCTOHHCTB CHEJIAJI0 BHPYChI HE3aMEHHMBIMH
TEHETHYECKHMH OOBEKTAMIU H IIPUBEJIO K TOMY, 4TO TCHOMBI HEKOTOPBIX Gax-
Tepuo(darop u3ydeHbl B HACTOSAIIECE BPEMs JYHLIE, 4€M KAKHX ObI TO HH OBLIO
HHBIX OpPraHu3MoB. OHH MOTYT CIYKHTb MOJACIAMU IIPH AHAJHU3E CTPOEHHUS
u paboThl GoJice CIIOKHBIX T€HOMOB.
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PasMuoxenue 0akTeprodaroB

XKusnennprit nukn dara T4 cran KJaccHueckuM IPHMEPOM OHTOTEHE3a BHUPY-
coB. DKCIICPHMEHT, BIIEpBhic IPOBEACHHRIH DOMopa Dtk © MakcoMm [lenb-
OpIOKOM, IO3BOJIHJI YCTAHOBHTE OOMIYIO MOCJENOBATENLHOCTh COOBITHH.
Pactyume xnetkn E. coli 3apaxainu ¢aroM T4 T1ak, 4TO B CpeIHEM HA OJIHY
KJETKY IPUXOAHIIOCH IO OHOM (aroBoit yacthue. B Tedenue aByx-tpex Mu-
HyT uHKyOanuu GonbiHHECTBO (haroB aacopOMpoBaioch Ha Kierkax. Bee ne-
ancopbuposasiumecs $Hary 3aTeM HHAKTHBHPOBAINM, 100apnsAs aHTUGDATOBYIO
CBIBOpOTKY. Uepe3 HECKOIBKO MHHYT IIOCIE 3TOTO KYJIBTYPY pa3baBiIsiin
B HECKOJIBKO COT pa3 MUTATENbHOM Cpenoi AN TOro, 9700hI MOHU3MTE KOH-
LEHTPAUMIO aHTHTENI M HPEAYHPENUTh WHAKTHBANMIO (ParoBoro moroMcraa.
Uepes onpenencHHbiC NPOMEKYTKH BpEMeHHM B mpobax wuHpuumupoBanHOM
KYJIbTYPBI ONpe/e/isii KOHIEHTPANMIO HHOUIHPYIOIUX EIHHMUL, BBICEBAS HA
YAIKY ¢ WHAMKATOPHLIMH OaKTePHsAMH M TOACYHTHIBAA YHCIIO CTEPHJIbHBIX
IATeH (HEraTHBHBIX KOJIOHHI) Ha rasoHe. Pesynbrarthl rpadHdecku mpeacra-
BJICHH Ha puc. 7.1, A. B Teuenne nepsbIx 24 MHMH mocie NpuKpenleHus dara
K KJETKE YHCIO HHQHIMPYIOUWMX CIUHHALI B KYIbTYpPE OCTABANOCh IMO-
CTOSIHHBIM. B 3TOT mepmoj Kaxkaas HETATHBHAS KOJIOHHs OOpa3oBBIBAIACH
OTaeNbHOH HHGHUIHPOBAHHOM KIIETKOH, M3 KOTOPOH HMOTOMCTBO (ara BbIxo-
JUAJIO TIOCTIE TOTO, KaK KJIeTKa OKa3bIBaJlach Ha MOBEpXHOCTH arapa. ITo npo-
UIECTBHHM 3THX 24 MHH YHCIO MHOHUIMPYFOIMX €IUHUL B KyJIbType HAYHHAET

Puc. 7.1. XusneHHblH
nuka ¢ara T4, A. Opu-
HOYHBIA MWK PAa3BATHS
tara T4. 5. BHyTpuKIIE-
TOYHOE pa3BuTHE (hara
T4. [llo A.H. Doermann,
(1952). J. Gen. Physiol.,
35, 645.]
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Puc. 7.2. K cbopke ¢paroBeix 4acTHl] BeoyT
4eThIpE HE3aBHCHMBIE IENu coOBITHH, CIMBAIO-
pecs B CaMOM KOHIE 3TOro mnpouecca. Yncia-
MH yKa3aHHl IPONYKTHl ()aroBBIX I'eHOB, O KO-

p35

TOpBIX M3BECTHO, HA KaKOM HMEHHO 3Tar¢ OHH
ObyHKOHupYroT. [ Wood W.B. (1973). In:
Genetic Mechanisms of Development (F.H.
Ruddle, ed.), Academic Press, New York.]
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pacTy, IOCKOJIbKY HEKOTOPBIE KJIETKH JTIU3HPYIOTCS H BBHICBOOOXHAIOT conep-
xamqecs B HUX darn. K 30-if MuH noutu Bce HHOUNUPOBAHHBIE KIIETKH YK€
pa3pyiieHbl. Ynucino HHOUIUPYIOMHX €AHHHI[ K KOHIY JKCIEPUMEHTA IIPH-
mepro B 100 pa3 mpeBbImIaeT 4uCIO HHQHIHPOBAHHBIX KjeTOK. M3 Kaxnou
KJeTKH BbIxoaut okojno 100 moromkoB ¢ara.

ScHO, 4TO CYIIECTBEHHBIE I pasMHOXeHHUA ¢ara T4 cobbiTUs TPOHCXO-
JST B TEUCHHE JTATEHTHOTO neproaa (puc. 7.1, A), NpeaIeCTBYIOWEro BbICBO-
60OXIEHHIO TOTOMCTBA H3 HH(UIUPOBaHHBIX KJIeToK, KonuuecTBO aropbix
9aCTHI[ BHYTPH KJIETOK MOXHO OIPENEINTD, HCKYCCTBEHHO JIH3UPYs HHbHIH-
POBAHHEIE KJIETKH B Pa3JIAYHbIC MOMEHTHI JIATEHTHOTO MEpHOa. Pe3ynbraThl
TaKoil nponeaypsl NpencTaBiieHbl rpaduyecky Ha puc. 7.1, b. O6parute BHH-
MaHHE Ha TO, 4TO B nepsbic 10—11 MuH mocie aacopOuuu poaUTENbCKUX (a-
roB Ha 6aKTepHanbHOHN KJeTKe HHOUOIUMPYOMUX eauHUI B KJIeTKaX He oOHa-
PYXHBAacTC BOBCE. DTOT MPOMEXYTOK HA3bIBAETCS CKPBITHIM [EPHOOM.
Jaxe poauTenbckue (Gars B 3apakCHHBIX KJIETKaX yTPauHBAIOT HHOUIUPYFO-
uyro cnocobHocts. Ilo mpomrecTBuy 11 MHH B HEKOTOPBIX KJIETKaX Ha-
YHHAIOT TNOSBIATbCA (GaroBele YacTHUIBI, CIOCOOHBIE 3apaxaTth OakTe-
pHaJIbHBIC KJIETKH, U K 14-if MHH B KaX1OH KJIETKE COJNEPXHUTCH B CPEIHEM
1o onHoi ¢aropoit yactane. 3aTeM YHCIIO TAKuX (HAros BHYTpPHU KJIETOK Obl-
CTPO PACTET B OCTABLIECECH OO KOHNA JIATCHTHOrO MEPHOJA BPEMS H [JOCTH-
racT HACHIMCHAS B NEPHOJ JIH3HCA KJIETOK. DTOT 3KCHEPHMEHT MOKAa3bIBAET,
470 (parm He IPOCTO NENATCH, KAK ITO [ENAl0T OAKTEpHH; MEXaHHU3M HX pas-
MHOXCHHSL OBUI packpblT B 3KcrepuMeHTe Xepiuun—Yeilza, ONHCAHHOM
B i 4.

MopdoreneTuueckne coObITHsA, TIPOUCXOIAIIME B CKPLITOM Hepuoje, Obl-
JIH HCCJIEAOBAHBI NOCPEACTBOM HAaOMIONCHHS HH(OHIHPOBAHHBIX KICTOK IOJ
3JIEKTPOHHBIM MHKPOCKOIIOM H METOIaMH reHeTHYECKOro ananm3a (puc. 7.2).
Ha pucynxe BHIHO, 4TO CyIIECTBYIOT YETBIpE OTAEJIBHHEIE MOCEIOBATENBHO-
CTH COOBITHH, KOTOPbIE BCE BMECTE NPUBOIAT K cOopke dara. Bo-nepBoix, pe-
mymkanus poguTenbckoin JJHK mubHnupoBasmiero kjierky ¢ara mpHBOAHT
K Hapabotke myna JHK ¢ara T4. Bo-eropeix, JHK ympasnser cuHTe3oM
MHOTOYHCJIEHHBIX O€JIKOB, HEOOXOMMMEIX s MOpdoreHesa roJioBKu ¢ara
(xamcupa), XBOCTOBOTO OTpPOCTKA H ero Hureil (Gubpuiin).

CuHTe3 TONOBKH (hara 3aBeplIacTcs yNakoBKod B Hee moJekymnsl JTHK.
3aTeM X TOJIOBKE NpHKpEIUIsiercsl yXe coOpaHHBIH oTpocTtok. M1 Hakonen,
K OTpOCTKy Kpemnstcs HHTH, H cObopka ¢ara 3asepiuena. M3obpaxeHnHas Ha
puc. 7.2 netanbHAas MOCIENOBATEIbHOCTE COOBITHH Ha KaxaoM 3Tame OpLia
pacminpoBaHa MOCPEACTBOM IEHETHYECKOTO aHANM3a MYTAUHH, BIHMSIOLIUX
Ha pa3Buthe (ara T4. B 3Toil rnaBe MBI PacCKaxxe€M O TOM, KaK IEHETHYE-
CKHH aHaJM3 IIOMOTaeT MOHATh YCTPOHCTBO M pabOTy BHPYCHOIO T€HOMA.

MyTtaHTHbIe OakTepuodaru

Kak yXe roBopuiocs B MpeablayIeid IJIaBe, JIMMIb HEMHOTHE (paroBble IeHbI
HMEIOT MYTalHH, H3MEHSAIOIAE MOP(OIOrHIO HeraTHBHBIX kKonoruid. C apy-
TOH CTOPOHBI, OYEBUAHO, YTO BO BCEX CYLIECTBEHHBIX I Pa3MHOXEHHS Tre-
Hax (ara, MOTyT HpPOUCXOOUTHL JIETAJBHBIC MYTALIWH, JEIAOIME HEBO3-
MOXHBIM TOSIBJIeHHE (aroBoro mOTOMCTBA. MyTaHThI, He KH3HECIOCOOHBIE
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Tabmma 7.1. PeHoTUNB! sus-MyTaHTOB ¢ara B GakTEpHsX C pa3/IMYHBIMH TE€HOTH-
namMn

Tenornn ¢ara lenornn 6akTepuu-xo3saunal
L— + + +
Su Su amber Su ochre Su opal
Jukuit THI + + + +
SUSmber — + + —
SUSocher - - + -
SUSppal - - - +
! «+» NOTOMCTBO €CThb, «—» MOTOMCTBA HET.

B OJIHHX YCTIOBHSIX H Pa3BHBAIOIIMECS HOPMAJIbHO B JPYTHX, HA3BIBAFOTCA YC-
#0810 aemaabHbimu. OHM MOTYT OBITh PA3MHOXEHBI H MCCIEqOBaHbL. B reme-
THKe (paroB BaXHbI [IBa OCHOBHBIX THIA YCJIOBHO JETAJbHBIX MYTaHTOB.

ITepBriii THII—-3TO memnepamypouyscmgumenvrbvie mymanmot (ts). bBoib-
mmMHCTBO (aroB Ccnoco6HO HHPUUUPOBATH XO3MHHA H  PAa3MHOXATHCH
B IIMPOKOM HHTEpBAJC TEMIEPATyp. TeMIepaTypo4yBCTBUTENbHbIE MYTAHTHI
muorux ¢aros E. coli cocobHbl pasmMuoxatbea npu 30°C (mepMuCCHBHBIE
YCIIOBHS), HO TEPSIOT 3TY CHOCOOHOCTE H OOHAPYXKMBAIOT CBOM MYTaHTHBIH
denotun npu temmneparype 40-42°C (nenepMuccuBHbie yenoBus). [1pu TakoH
TEMIIEpPAaTyPe HEraTUBHBIE KOJIOHHH He o6pasyrorcsi M3BecTHBI Takke My-
TaHTBhl, 4yBCTBUTENIbHEIE K X0noay (cs). [losBnenne reMnepatypHoit 1yBcTBH-
TEJIBLHOCTH MOYTH BCErAa CBHIETENBLCTBYET O TOM, YTO B KaKOM-TO Y4acTKe
AHK, xogupyromeM HEKOTOpBIH O€NOK, IpOM3ONUIA MYTAlHs, NOBJICKIIAs
3a co60if aMHHOKHCIIOTHYIO 3aMeHY. B pe3ynbtate 6€10K CTAaHOBHTCSA HECTa-
OuJieH 1PN HENEPMUCCHBHOH TEMIEpaType H YTPaiuBacT aKTHBHOCTb.

BTOpoil THII YCJIOBHO JIETAJILHBIX MYTAHTOB— CYNPECCOPY y8CMEUMeAbHble
MyTaHTHI (sus). Paru ¢ MyTanued sus MOTYT pa3sMHOXaThCs IpH uHGUIHPO-
BaHHH OaKTEpHANBHBIX KJIETOK C I'eHOM cymnpeccopa Su™, T.e. B Iepmuc-
CHBHBIX YCIIOBHSX, HO HE B COCTOSIHHH Pa3sMHOXaThCs NpH MHQHIHPOBAHUH
KJIETOK [pYTHX LITAMMOB, HE COIepXaImmMXx reHa cymnpeccopa (Su”), T.€.
B HENEPMHCCHBHBIX ycnoBusax. Par guKOro THNA Pa3MHOXAETCS B KJIETKax
oboux Tumos (tabn. 7.1). CynpeccOpYyBCTBHTEIIbHbIE MyTallHH B OTJIMYHE
OT MyTamui cnenupuIHOCTH K XO3sHHY HE BJHMSIOT Ha CIOCOOHOCTH (para
agcopbupoBathea. Takod ¢ar HOPMaNbHO NPHKpPENIAeTCs K MOBEPXHOCTH
6axtepun, BBoOuT B Hee cBoro JIHK u naxe mMoxer yOuTh KJIETKY-XO3HHA,
HO HE CIOCOOEH K pa3sMHOXEHHIO. CymecTBYIOT TpH Kjacca Cynpeccop4yB-
CTBHTEJBHBIX MyTaiuil, amber(am), ochre(och) u opallop). 3aech MbI JMb
YIOMSHEM O HHX KaK O IeHeTHYeCcKHX MapkepaXx. OHH MOTYT 3aTparuBath
BCE TEHBI, KOAHUpYIOIMe cuHTe3 OenkoB. MyTtanus HapymaeT cuHHTE3 Oejka
B KJIE€TKaX X035 MHA THIA Su ™ , HO HE MPEIATCTBYET CHHTE3Y Oelika B KJIeTKax
tuna Sut. BHoxuMudYecKy o IpHPOAY 3TUX MYTAUHH H MEXaHH3M CYIPECCHH
Mbl oOcynuM B TI. 12.

Tlocne 3Toro kpartkoro 0630pa pa3/HYHBIX THIIOB MYTaHTHBIX (aros
BEPHEMCsS K FEHETHYECKOMY aHanu3y (aroBbIX MyTanuid. DTO MO3BOJUT HAM
MOHATH OPraHHU3alMIO T€HOMAa BHPYCOB.
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13*

KommneMeHTallMOHHBIM aHAJTU3
YCJIOBHO JIETAJIbHBIX MyTaIllUU
ara @ X174

®ar $pX174 —Menxuit BUPYC, COAEPXAaMi KOJBIEBYIO OOHOLEIOYEUHYIO MO-
nexkyny JHK (puc. 7.3). ITocne NpOHUKHOBEHUS B KJIETKY-XO3SAHHA CHHTE3H-
pyetcs kommieMmenTapHas nens JJHK n o6pasyercs nByxuemodeynas MoJie-
KyJa, KOTopas 3aTéM B Hauyaje CKPBITOrO IEpHOAa PpEIJIMLHPYETCS IO
MOJYKOHCEpBATHBHOMY MexaHu3My. Ilocne Toro xak HapabaTbiBaeTcs H0-
CTATOYHOE KOJIMYECTBO OENIKOB rOJIOBKM M HaymHaetcs cbopka ¢aros, JTHK
HAYMHACT PEIUIHIUPOBAThCA HOCPEICTBOM BHIOHU3MEHEHHOTO CU2MA-MEXA-
HHU3Ma, Ipd KOTOPOM CHHTE3UPYETCs TOJIBKO (daropas LEHb, H B TOJIOBKY (a-
TOB BKJIFOYAFOTCS OMHOLENOYEYHBIE KOJIbIEBBIE Momekynbl ¢arosoit JHK.
3T1a MOCNEenOBATEILHOCTL HEOOXOAMMBIX [Ji1 pasMHOXEHHS ¢ara coObITuit
Oblna paciu(poBaHa MOCPENCTBOM TEHETHYECKOTO aHAIHU3A.

B TabGmune 7.2 mepeuncneHb! 39 ycHOBHO JIeTalBHBIX MyTtamuit ¢ara
$X174; Bce onm numaroT ¢ar cnocobHOCTH K Pa3sMHOXEHHIO NpH HHGHIHU-
POBaHMH B HENEPMHCCHBHBIX YCJIOBHSX. [l TOrO 4TOOBI OIpPEHENUTH,
BIIHSIOT JIH ABE HE3aBHCHMO BO3HHKIIHE MYTAIMH HA OOHY H Ty X¢ I'€HCTH-
4yecKyro (YHKIMIO HJIH Ha pa3Hble, MOXHO WCIOJIb30BATh KOMILJIEMEHTA-
IUOHHBIH TeCT, OMMCAaHHBIH B NIpedbIAyLICH TiaBe. bakTepuajibHble KIETKH
OMHOBPEMEHHO 3apaxaroT paraMu 0OOHX MYTAHTHBIX THIIOB IPH HElEPMHC-
CHBHBIX YCIIOBUSX, HAallpuMep IpH TeMiepaType 42°C, ecnn o6a MyTaHTa
qyBCTBHTEIBHBI K TeMmnepatype. Ecnu B Takux ABa)abl HHOHIHPOBAHHBIX
6akTepHaILHBIX KIETKaX MOTOMCTBO (aroB BO3HHUKAET, MOXHO CIOECIATEH BBbI-
BOJ, YTO KaxIbli (dar ocywiecTBiseT PyHKIUIO, KOTOPYIO HE MOXET OCYyIle-
CTBUTH Opyro# (cM. puc. 6.6). Takue nBe MyTalHH HA3BIBAIOTCA KOMILJICMCH-
TapHLIMH M OTHOCATCS K pa3HbIM reHaM. BpimonHseMblii TakuM o6GpazoM
TECT HA KOMILJIEMEHTANHIO MOJHOCTHIO aHAIOTHYEH OMHCAHHOMY B TJI. 6 fJis
MYTaHTOB JyKapuoT. Bo3nmkaer xak Obl «gHIIongHas» HHGOHIHPOBAHHAS
KJIETKA, B KOTOpPOH XpoMOcOMa KaxJoro ¢ara HeceT Mo OMHOU MYyTanuH,
4 HabmogaeTcsl «IMILTONAHBINY (PEeHOTH, T.€. MOTOMCTBO ara nmubo Bo3nu-
kaet, 1u60 HeT. 3aMETHM, YTO IS BBHIIOJHCHHS TeCTa HAa KOMIICMCHTALUIO
HaM He Hago OIpeneNiaTh reHoTull GaroBoro MOTOMCTBA.

KoMnneMeHTanuOHHBIA aHANU3 NEPEYHCIICHHBIX B Taby. 7.2 MyTaHTOB
MOKA3bIBAET, YTO OHH OTHOCSATCS K BOCBMH PAa3JIM4HBIM IDYIIaM KOMILje-
MenTanun. Tak, HanpuMep, IpH 3apaXeHUH HENEPMHUCCHBHBIX Oaktepmii ¢a-
ramu aml0 (uucTpoH D) u am9 (uucTpoH G) X KJIETKH JIM3UPYIOTCH, H, Clic-
JOBATENbHO, MOTOMCTBO (aroB BO3HHKaeT. HamnpoTHB, NpH 3apa)keHdH
HENEPMHUCCHBHOTO X03suHA Gara am9 u am32 MOTOMCTBO HE BO3HHKACT, H,
CJIEA0BATENIBHO, 3TH JBE MyTallHH OTHOCSTCS K OJHOH H TOH € IpyIIe KOM-
nyeMenTanuu (nucTpod G). Ecnu cumrarh, 410 4acTOoTa BO3HHKHOBEHHS MY-
Tanuil BO BCeX T€HAaX MPHMEPHO ONMHAKOBA, TO w3 ¢dakTa, 4T0 B 6OIBIIHH-
CTBE TpyNNn KOMIUIEMEHTanMd JIOKATH30BAHO IO HECKOJIbKY MYyTAallHii,
O-BHAMMOMY, CJIENYET, YTO BCE 3TH MYTAnUH B COBOKYNMHOCTH 3aTParHBAIOT
Bce BaxkHble reHbl $X174. JIpyrumMu clloBamHu, HCCIIEIOBAHO NOCTATOYHOE KO-
JIMYECTBO HE3aBHCHMBIX MyTalHi 751 HOCTPOCHHUS TEHETHYECKON KapThl [la-
jlee MBI YBHAHMM, YTO TAaKO€ pa3lelicHHE HAa IPYNINbl KOMITIEMEHTAIUH IIpa-
BUJIBHO OTPAxacT (3a €IMHCTBEHHBIM HCKJIFOUEHUEM) MEXaHH3M OHOXUMHYE-
ckoro (yHkumoHupoBauus (ara.
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Puc. 7.3. A. DnexkTpon-
Has MEKpodoTorpadus
tarossix yactun $X174
( x 190 000). Buuzy
cripaBa — GparMeHTsl (o-
Torpaduu, Ha KOTOPBIX
BUAHA OPraHU3aIusd
cy6beAMHHMLl Kancuaa.
(Jeffrey Tromans, Dr.
Robert W. Horne, the
John Innes Institute,
Norwich, England.). b.
DJEKTPOHHAS MHKPOdhO-
Torpadpus JHK dara
$X174 B omHOuENOYEY-
HOH M PENJIMKATHBHOH
ABYXLENOYEYHOM (hopme
( x 21 000). IByxuemno-
4€YHBIE MOJIEKY/JBl HA
¢doTorpadun MMEIOT BHI
6onee TONCTHIX M MeEHee
H3BUTHIX HUTEH 1O
CpPaBHEHHIO C OJHOLENO-
ueunsimu. (Dr. Richard
Junghans and Professor
Norman Davidson,
California Institute of
Technology.)

Opeanusayusa u nepedaua

2eHemu4eCcko20 mamepuaia
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Tabmmua 7.2. Knaccudukanus MyTaHToB dara ¢$pX

Huctpou MyraaTe

am 8, am 18, am 30, am 33, am 35, am 86, ts 128

am 14, am 16, och 5, ts 9, ts 116, och 1, och 8, och 11
och 6

am 10, am H8I

am 3, am 6, am 27

am 87, am 88, am 89, am H57, op 6, op 9, tsh 6, ts 41D
am 9, am 32, ts vy, ts 79

am N1, am 23, am 80, am 90, ts 4

T Ow

ITo Benbow R. M. et. al. 1971. 1. Virol, 7, 549.

PexoMOMHALIMOHHBIM aHAJIU3 MYTAHTOB
dara @ X174

Korna daru ¢ pa3nuyHbIMH MyTAHTHEIMH TCHOTUIIAMH 3apaXkaroT KICTKY,
B KOTOpPOH OHM MOIYT pa3MHOXAaTbCd, TO B HOTOMCTBE ODHApyXHBAIOTCS
¢dard KaK ¢ pOAMTEILCKHMH, TaK U ¢ PEKOMOHHAHTHBIMH reHoTHmamu. Ckpe-
[IMBAHUE MEXIY NBYMS DPa3jIHYHBIMH (S-MyTaHTaMH (ara BEIIOJHAIOT IpU
nepmuccupHoll TeMmepatype (30°C), a ckpewBaHHE MEXAY SuS-MyTaHTAMH
¢ara—B kierkax Su* -muramma, CyMMapHOE YHCJIO IOTOMKOB BCEX [CHOTH-
OB ONpeACISIOT, BBICEBAasi Ha 4YALIKU OIpEAcICHHBIH 00BeM KYJIBbTYPHI
B TIEPMHCCHBHBIX yCloBHsAX. KoJM4ecTBO peKOMOMHAHTOB QHKOTO THNA JIET-
KO ONpenenuTh [IOCEBOM TAKOH X€ NPOoOBl B HENEPMHCCHBHBIX YCJIOBHSX,
KOr/la HeraTHBHbIE KOJIOHHHM OOpa3yroT nuuib (aroBbie YacTHIB! JUKOTO TH-
ma (cM. puc. 6.2), TOYHO Tak Xe, Kak 310 ObutO ¢ rll-myTtantamm ¢ara T4.

CxkpewpBaude ($aroB He BIOJIHE aHAJOTHYHO CKPEUMBAHHIO 3YKapHOTH-
4ECKHX OPraHu3MOB. MEI 3HAaeM, 4TO NPH CKPCINVBAHUK JBYX 3yKapHOTHYE-
CKHUX POMUTENCH 1) TEHCTHYECKHH BKJAH KaXIOr0 POAUTENsE B IOTOMCTBO
OIMHAKOB (3TO 0o0ecreynBacTCsT MEHO30M) H 2) €CJIH TE€HETHYECKHE MapKephl
HE CUEIUJIEHEBl, TO B IIOTOMCTBE BO3HHKACT PaBHOE YHCIIO POIHTEILCKHX H pe-
KOMOMHAHTHBIX TeHOTHNOB. Ilpm ckpemuBanuu ¢aros, OJHAKO, OTHOCH-
TEJbHBIA T€HETHYECKHA BKJIAJ POAMTENEH B MOTOMCTBO, Kak OBLIO YyCTaHOB-
JIEHO, 3aBHCHT OT OTHOCHTCJILHOIO HYHCJIA POJUTENLCKHX (DAroB Kaxmgoro
THNIa B JaHHOH MHHUHPOBaHHOH OakTepuanbHoll Knerke. Hampumep, ecnu
OTHOILICHHAE YUCJICHHOCTEH pOIHUTENbCKHX (aroB ¢ reHotunamMu A u B paBHO
A/B =10/1, To wacTo 0OHAPYXHBACTCS, YTO YHUCJIO PEKOMOHHAHTHBIX IOTOM-
KOB TIPEBOCXOJHT YHCJIO NOTOMKOB popuTeiabckoro tuna B. Iipm ckpemmba-
HUH GAroB YHCIIO POJUTEIILCKHX T€HOTHIIOB MOXeET ObITh OoMbnIe nBYX. Ec-
MM OJHA W Ta XKE KJICTKA 3apaxeHa (aramMm ¢ Tpems pa3iIHYHbIMU
resorunama A, B u C, To B IOTOMCTBe HEKOTOpPEIe daru 6yayr obmanats
pekombuHaHTHEIM TeHOTHIIOM ABC. flcHO, 4T0 nuHaMuKa ckpermBanus da-
roB 6ojee cpoaHu mpobieMaM MONyJISIHOHHOH OHOJIOTHH, YeM mpobjeMam
HHAMBHAYAJILHOTO CKPEIMBAHHS OPraHu3MoB, obnamaroumx mehoszom. Co-
BOKYITHOCTh POJHUTE/ILCKHMX T€HOMOB ¢aros, HHGHUIHPYIOWNX KIECTKY, Ipes-



Tabuupa 7.3. YacToThl pexoMOHHALMI, HabIrogaeMble NPy ABYX(AKTOPHBIX CKPEIIMBAHMAX MYTaHTOB ¢dara ¢X174

A C D E F G H
aml8 | am33 | am35 | am50 | am86 | am14 | aml6 | och6 | am10 | am3 | am6 | am88 | op6 | am9 | am23 | amN1
MyTant (A) (A) (A) (A) (A) (B) (B) (C) | (D) | (E) | (E) (F) (F) G (H) (H)
A
aml8(A)
am33(A) 21.9
*+3.2
vAl
am35(A) 0.4 21.2
+0.1 +2.4'
am50(A) 7.9 45 13.9
+0.5" | +0.6' | +1.0
am86(A) 11.7 5.5 16.8 0.5
+24' | 20 | x15' | =01
@ @
B
am14(B) 2.8 11.3 2.8 2.6 4.0
+0.3 | 204" | +0.3 +0.5 | +0.2
(V)]
am16(B) 2.0 9.1 2.7 6.4 7.3 1.3
+0.1 +2.8" | +0.1 +0.3 | 1.2 +0.3
C
och6(C) 13 3.9 0.7 2.2 1.1 1.0 1.3
+0.2 *0.4 0.1 *1.3 *0.1 +0.2 +0.3
D
aml0(D) 1.4 6.2 2.0 4.0 4.2 1.8 2.3 2.0
+0.5 *1.0 +0.5 +0.6 *0.2 +0.2 *04 | x0.2

¢4

@

861

prondawpw 020423 hwaHae phveadau n ynhvenupzd



am3(E)

amé6(E)

F
am88(F)

op6(F)

am(G)

H

am23(H)

amN1(H)

* [IpuBoauMEie 3HauweHHs x 10%
* ToNbKO 3TH Y4CTOTH PekOMOHMHAUMHA LHCTPOHA A HCNOJIL3OBANHCH NPH TOCTPOGHHH DHCYHKA

4.1
*0.6
)

+1.0

10.8
*1.2

6.5
*0.2

5.8
*14

@

1.7
*0.8
2)

+0.3

10.8
+0.8
3)

+0.8

12.4
*2.1

11.5
+0.8

2.0
+0.4

7.5
*1.2

4.2
*1.0
3

6.3
*1.2

119
*0.3

6.0
*0.2

8.0
+1.0
@

4.7
+0.5

31
+0.2

10.2
*1.6
3

8.3
*20

8.0
*1.0

4.2
*15

8.2
+0.8

1.2
+0.1

2.0
+0.3
@

83
+0.9
2

6.5
*20
@

5.3
*09

1.3
+0.6

6.8
+0.4

0.4
*0.1

2.1
+0.3
2

3.4
*0.5
@)

2.4
*0.7

10.3
+0.7

4.8
+0.4

29
+0.9

1.8
0.’
3

3.0
*0.5

4.6
+0.9
)]

3.5
+04

9.3
*3.2

5.3
+0.7

54
*1.2

21
+0.4
()]

2.8
0.5

13
+0.1
2

0.2
+0.7

11.1
+22

1.2
+0.1

1.4
+0.2

1.5
+0.2
3)

0.2
+0.4

14.4
+0.6

2.2
*0.1

5.9
+21

2.6
+0.3

4.6
+0.3
2)

0.2
+0.4
©)

4.4
+0.8
e

1.2

+0.1

6.8
+0.8
)

2.2
*0.6
@

8.1
*1.3
3

NOBTOPHOCTEH HE3aBHCHMOIO ONPENEJIEHHA YacTOTHl PEKOMOHHALIMH; IPHBORHTCA CPERHEE 3HAUYCHHE.
Ilo Benbow R. M. et. al. (1971). J. Virol, 7, 549.

7.1
*0.7
()]

2.5
+0.4

4.7
*1.0

34
+0.9

6.2
*0.9
()]

14.19. Uncna B ckobxrax

1.3
+0.2

34
+04

4.1
*0.6

9.2
+14

8.1
*0.5

2.1
+0.3

3.1
*0.8
@

03H3a4YarnT KOJHYECTBO

0.26
+0.3
2

voddne wouaJ -2

661
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CTaBaseT COOOH NONMYISAIHUIO-OCHOBATENA. DTH TC€HOMBI PElTHIHPYIOTCS
H PeKOMOUHMPYIOT C APYTMMHM IFeéHOMaMH, O6JIagaroIiMA TEMH X€ HJH OT-
JINYHBIMH TE€HOTHUNAMH. PeKOMOHMHAHTHBIC TCHOTHIIBI PEILTALMPYIOTCS HAps-
Ay C POIWTENILCKHMH, H IPH JIU3HCC 3apaXKCHHOH KJICTKM OcBOOOmMBIIHECH
(aroBele 4aCTHIBI IPEACTABISIOT cOO0H BEIOOPKY F€éHOMOB K3 OOLIEro reHo-
¢douna, copepxamerocs B xnetke B MomeHT ynakosku JJHK B ronosku da-
roB. KpoMe TOro, He Bce PEIMIUPYIOMMECS TC€HOMbI POJHTENBCKOTO THIA
C pPaBHOH BEPOSTHOCTBIO PEKOMOHHHPYIOT ¢ r€HOMAaMH IPYrHX pPOLHUTEIb-
ckux TUnoB. Hampumep, Takas cuTyanus HMeeT MeCTO, ecii (ar ¢ TeHOTH-
noM A HCXOgHO aacopOUpOBaiicss HAa OJHOM KOHHE INHHHOH OakTtepu,
a ¢ar c renorunom B-nHa ngpyrom. MckiroueHHe HEKOTODBIX T€HOMOB H3
(doHaa cKpeIMBaHUS IPHBOIHT K HU3KOH ompuyamenvHoii unmepgepenyuu (¢
HECKOJIBKO Gospire 1), HabnrogaeMolt B OOJILIIMHCTBE CKPCUIMBAHHEA MEXKITY
¢daramu. [IpuunHa 3TOrO SABJICHHS COCTOHT B TOM, YTO I'€HOMEI, BXOSIIHUE
B ¢OHJ CKpELIMBaHuS, T.€. YK€ y4aCTBOBABIIHE B OJHOM akTe pekoMbuHa-
LAH, UMErOT OOJIbIIMH IIaHC NPHHATH y4aCTHE H BO BTOPOM peKomOuHa-
IHOHHOM COOBITHH 1O CPAaBHEHHIO C IIPOM3BOJILHBIM T€HOMOM, KOTOPBIA MO-
XeT BOBCE HE BXOAMTb B (POHI CKpElIHBAHHUSA.

XoTa MEXaHUW3MbI CKpEelMBaHHA y (AaroB ¥ Y 3yKapHOTHYCCKUX OpraHM3-
MOB Pa3JIMYHEL, TEM HE McHee IOHATHUS, HCIOJIb3YEMbIE B TCHETHKE 3yKapHoT,
MOTyT ObITE MPUMCHEHEI ¥ K CKPELIHBAHUIO Mexay Garamu. Ins 371010 He-
06X0AUMO KOHTPOJIMPOBATh NMPOHHKHOBEHHE (DATOBBIX 4acTHH KaxJOTO U3
IBYX POAMTENLCKHX I'€HOTHIOB B HHOHIMPOBAHHBIC KJIETKH U BPEMs, OTBO-
JMMOC Ha peIUIMKaluio B pekoMOunanmio. Korna atu apa daxropa KoHTpO-
JHPYIOTCSA, TO €CTh CKPELIMBAHHE OCYINCCTBIACTCS B OMPEICICHHBIX CTaH-
JapTHBIX YCIOBUSX, TO MOXHO ONPENECIIUTh CIEIUICHHE MEXy TE€HETHYECKH-
MH MapKepaMH H OLEHHUTHL YacTOTY PEKOMOMHALMH, 9TO [O3BOJIAET CTPOUTH
TCHETUYECKHE KAPTHL

OTHOUIEHHST MeXAy MepeddciieHHbIMM B T1abs 7.2 Myrtanusamu ¢ara
$X174 aHanH3HPOBANH [OCPENCTBOM ABYX(PAKTOPHBIX H TpPeX(PaKTOPHBIX
cKkpemuBanuit. J[ByxdakTOpHBIC CKpPEIIMBAHHS MEXAY CYIPECCOPUYYBCTBH-
TEJIbHBIMH MyTAHTAMH OCYILECTBIISUIH CIIENYFOIIHM 06pa3oM: KynbTypy Gax-
Tepuit Su”’ 3apaxand AByMs MYT4HTHBIMH INTAMMAMH (ara ¢ BBICOKOM
MHOXCCTBEHHOCTBIO (IO 5 (paroBbIX 4acTHI KaXIOro TUma Ha OGaKTEpHAJIb-
HYIO KNETKY). Mcnonb30BaHHe TakOd MHOXECTBEHHOCTH 1a€T HAM YBEpCH-
HOCTb B TOM, 9TO BCE KJIETKHM HHOHIUpPYroTCca obommu daramu. Ilocnme nu3n-
ca GakTepHi MO YHCIy HETATHUBHBEIX KOJIOHHH HAa MHIUKAaTOPHOH KYJIbTYpE,
o6anaroweil COOTBETCTBYIOIMMH Su ™ -reHamu, onpenenism obmee Yucio
darop B moToMcTBe. [lpu ckpemBanun HaroBbIX MYTAHTOB SUSgmper B Kade-
CTBE XO3SMHA HCIIOJIb3OBANM IUTAMM SUjmber; UPH CKPEIIMBAHHH MEXIY
SUSgmber- U SUSopal-MYTAHTAMH UM MEXITY SUSgmber M SUSochre WHIAKATOPOM
ciyxui OakTepuasbHbiH mTaMM ¢ obommu renamu Sut. Ymcino pexombu-
HaHTOB JHKOrO THII4, BOBHHKAIOLIMX [PH CKPELIMBAHKUH, OIPEACIISIIN IO YHC-
JIy HETATHBHBIX KOJIOHHH Ha MHIMKATOPHOH KynbType Su ™, Ha KOTOpPOH MoO-
[JTA Pa3sMHOXAaTbCA TOJBKO ¢(ard nuxkoro tuma. YactoTsl peKOMOHHAIMH,
oOHapyXeHHbIC NIPH CKPEIMBAHMN MEXIy 3THMH MyTaHTamu ¢ara $X174,
npeacTaBicHbl B 1abm. 7.3.

Jdas Toro 4To6Bl ONpENCNHTH, B KAKOM MOPAAKE PACHOJIOXKEHBI OIH-
CaHHBIE MYTALUM Ha TEHETHYECKOH KapTe, HCIOJIb30Bald TpeXdaKk TOpHbIE
ckpeHBanus. [Ipy 3TOM IpHMEHSICS MeTOHA, HECKOJIBKO OTJIMYHEIA OT OMM-
CaHHOTO I TpeX(paKTOPHBIX CKpELMBAaHUA B TJl. 5, MOCKOJILKY B 3TOM CHy-
qae OBbII0O HeoOX0aMMO OTOHpaTh PEKOMOMHAHTOB AUKOTO THIIA TIO ABYM
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HcxopHoe ckperuyBanne

amA + tsC + + sC Tpeo6in .
R M. r T 8C
MocnenoBa- / _— MZJI m:‘umm"v" Knace
TENBHOCTH OYHC/ICHHBIA Kacc
i + amB + + + +
Kpocchurosep
tsC amA + + +
Hocnenosa IpeoGnanarowwuit xrace
TEIBHOCTD / E— P N
u T T anB ﬁ Manouncrersslii knacc
PenunpoxHoe ckpetuBanne
amd  + + + + * Hoeos y
) - JIaJAI0HA Kacc
MocnenoBa- / _— P i
TEJBHOCTD ————————————Manounciennwii Knacc
I + amB tsC + T sC
Kpoccrrrosep
TMocn eu,ona-—+ am4 y + 1sC + + TMpeoGnagarowmit xacc
TEeJIBHOCTD e " 4 - T ™ ManouncieHHbli K1acc
v § a

Puc. 7.4. llpumep ucnonw3oBanusa craboclie-
IJIEHHOTO HECelIeKTHPYEMOTo MapKepa NpH
ONpEJEICHHH MOCIeAOBATENBHOCTH MapKepoB
nyTem TpexdaxTopHoro $harosoro ckpermba-
Hus. I u II-1Be BO3MOXHEBIE NMOCIEIOBATEILHO-
CTH pacloJIOXeHHS Tpex MapkepoB. OTbuparoT
PEKOMOMHAHTOB THKOrO THNA Mexay amA

U amB, a 3aTeM 1o reHOTUNY B OTHOIICHUH
HECEJIEKTHBHOTO MapKepa ONpelesaoT MpaBu/ib-
HyIO TocjefosaTensHoCTh. Hanpumep, ecnu
FEHBl PACTOJIOKEHEl B NOCIEAOBATENLHOCTH I,

TO GOJBLUIMHCTBO OTOOpAHHBIX PEKOMOHMHAHTOB
mukoro Tuna Gyner obnagaTe r€HOTHIIOM

+ + tsC. [Ing noseiaeHHS PEKOMOMHAHTOB C re-
HOTHIIOM + + + HeoOXomuMm IBOHHOH Kpoc-
CHHTOBEp, M MOTOMY TakHE PEKOMOMHAHTHI
BCTpeuaroTcd pexe. EciH ke reHbl pacroloKeHbl
B nocnenosarenbHocTd II, TO wacToTHl ABYX
PeKOMOMHAHTHBIX TEeHOTHNOB OynyT o6paTHBHI-
mu. s toro 4To6HI NOATBEPAHUTHL MPaBHIIb-
HOCTb YCTAHOBJIEHHOH NOCJIENOBATEILHOCTH T€-
HOB, NPOH3BOAAT PEIHNPOKHOE CKPEIIHBAHHE.

MapkepaM. B onHcanHOH paHee CHTyallMH HHKAKoro oTbopa B MOTOMCTBE He
[POH3BOAMIIOCH M MOTJIH HabJronaThCs BCE BOCEMb BO3MOXHBIX KOMOMHa-
nuit reHotunoB. PaccMoTpHM m3o6paxeHHOe Ha pHC. 7.4 CKPELIMBAHHC
amAtsC x amB. Ecim amA W amB cuennieHbBl Apyr ¢ APYTOM TecHee, 4eM
Kaxipli H3 HEX C tsC, 4TO yCTaHaBJIMBAETCA B JBYX(AKTOPHBIX CKpPEIIWBA-
HHUSX, TO tSC NCIONB3YIOT B KA4ECTBE HeceAeKmupyemo20 Mapkepa [py aHa-
JIH3¢ MOTOMCTBA OT CKPCINMBAHMSA HA SU-HHAMKATOPE IpPH IEPMHCCHBHOH
temrepatype. IloToMKH QHKOro THIA B OTHOLIEHHH ayUened amber OynyT
(opMHPOBATH HETATHBHBIC KOJIOHHH HE3aBUCHMO OT TOTO, COMEPXKHT HX Tec-
HoTHN tsC WM COOTBEICTBYIOWMH ajutenb nukoro tuma. Joxs daros, Hecy-
wux autend tsC 1 tsC* cpeld pexkOMOHHAHTOB, MO3BOJACT PAMIHYHTL MO-
cienoBaTeIbHOCTH reHoB amAamBtsC u tsCamAamB. Ecnu B 1OTOMCTBe
IPEACTABNECH MPEHMYINECTBEHHO AWKHHA THI, 3HAYHT, TE€HbI PAaClIOJIOKEHBI
B nocneposatenbHOCTH tsCamAamB. Ecin ke OONBIIMHCTBO COCTABJISIOT
TEMIEPAaTypPOuYyBCTBHTEIILHBIE (hard, 3HAYHT, MOPANIOK PACIIONOXEHHS TEHOB
Ha kapte amAamBtsC. IlocnenoBarenbHOCTh, YCTAHOBJIEHHAS TaKHM CKpe-



Tadmuua 7.4. YacToTsl pexoMOuWHanuu, HaOMOgaeMble mpd TPexDaxkTOPHBIX CKPEIIMBAHMAX MyTaHToB ¢(pX174*

Yacrora wt Tlpeo6nanasommii
PeKOMOHHALHH (%) TeHOTHII TopAIOK  reHOR
CxpeluuBaHune (cenmex TiBHEIE (HecenexTHBHEIE (HeceneKTHBHbIE
MapKephl) MapKepbi) MAapKephI) H G F E D C B A H G
1. amN1 tsy X ts79 1.2+ 04 33 am N1I—79—y
2. amN1 ts79 X tsy 0.8 +0.3 90 wt N1—79—y
3. am88 tsy X ts79 1.0 07 97 wt 79—vy-88
4. am88 ts79 X is4 1.8+ 04 96 wt 4-79—88
5. am88 ts79 X op6 134 = 37 91 wt 79—88—6
6. am88 ts79 X am9 1.4+ 03 38 ts 79—9-88
7. am3 ts79 X tsy 0.7+0.1 25 am 79—y—3
8. am3 tsy X ts79 0.9 +0.2 88 wt 79—y—3
9. am88 ts79 X am3 3.0+0.3 99 wt 79—88—3
10. am3 tsy X am88 4305 46 ts y-88——3
11. am3 tsy X opb 1.2+01 43 ts y—63
12. am3 tsy X am27 0.3 *x0.2 95 wt y—3-27
13. am3 ts9 X am27 0.3 +0.2 37 ts 32— 9
14. am3 ts9 X ts116 23+04 16 am 31169
15. am33 ts116 X ts9 1.5x03 39 am 116—9-33
16. am33 ts116 X am50 45+ 0.6 89 wt 116——33-50
17. am33 ts116 X am86 71+22 77 wt 116—33-86
18. am33 ts¢ X amlé6 9.7+ 15 95 wt 16-33—4
19. am33 ts79 X tsy 1.0+ 04 79 wt 3B 79—y
20. am33 tsy X amN1 83+1.1 34 ts 33—NI—y
21. am9 ts128 X amN1 3.0+0.3 7 ts 126—N1—9
22. am33 tsy X am86 6.0+ 0.8 43 ts 33—86—vy
23. am9 ts128 X am88 1.6 0.3 99 wt 128——9—88

0

vrondawpw 020xIInnwana2 phogadou n snhvenuved



24.
25.
26.
. am3 och8 x och6
28.
29.
30.
31.
32

37.
38.

am88 ts79 x och6
am3 tsy X och6
am3 ts9 X oché

am3 ochll x oché
am3 oché X ochl
am3 oché X och5
am33 15116 X oché
am33 ts4 X och6

. am88 {579 x aml10
. am3 ts79 x aml10

35.
. am3 ts9 x aml0

am3 tsy X aml0

am33 tsl16 x am35
am33 ts116 x aml8

10.8 = 2.3
1.4 0.3
1.0 = 0.4

Low burst'

Low burst

Low burst

Low burst
3.9+ 04
3.0+1.2

140+ 0.5
1.4 07
1.3x0.2
1.6 x 0.1

184+ 1.2
219 = 6.8

* IlpuBogumble 3HaueHus x 104,

* D10 o03HawaeT, yro npH CKPEUMBAHMM GBLIO NMONYYEHO BCErO HECKONBKO NMOTOMKOB.
ITo Benbow R. M. et. al. 1971. J. Virol.,, 7, 549.

93
95

95
98
21
97

90

42

55
56

wt
wt

am
am
wt
wt
ts

wt

wt
wt
wt

7% 88 6
yY———3—%6
F¥—6——9
F——6—8
F——6—11
F—6—1
3—6—5
6—116—33
6—33—4
79—88—10

79— 3—10
y—3—10
3I—10———9

116—(35, 33)
116—(18, 33)

voddng wouaJ
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HIWBaHUEM, IPOBEPSETCS 3aTEM B PEIUNPOKHOM CKpemuBanuy (puc. 7.4). Pe-
3y/NBTaTHl 3THX TPEX(PAKTOPHBIX CKPENIUBAHMI IpeacTaBlieHBl B Tabn 7.4

Ipusogumeie B Tabn. 7.3 u 7.4 DaHHBIC OAHO3HAYHO CBUIETENLCTBYIOT
O TOM, YTO reHeTWueckas xapra dara $&X174 umeer dopmy kxousbna. 3ame-
THM, HallpUMEP, YTO reH H TecHo cuellsieH Kak ¢ reHoM G, Tak | ¢ TeHoM A.
AHanormiseiM 00pa3oM KaxIblil I€H TECHO CHEIUIEH C ABYMS COCEHHHMH,
PACTIONIONKEHHBIMA 110 00¢ CTOPOHEI OT HEro, M II03TOMy SIWHCTBEHHO BO3-
MoxHas ¢opMa KapTel—koubneBas. Kapra, u3oOpaxeHnnas na puc. 7.5,
oTpaxaeT ToT ¢dakT, 4To redom dara $X174 npeacrapnstier coboil KoJbIC-
Byro Monekyny JHK. Ha kapre saaHo, 4TO HEKOMILIEMEHTUPYIOMIUE MYyTa-
LMA JIOKAIM30BAHbl B CMEXHBIX y4acTKaX reHoMa. DTO O3HAYAET, YTO (P YHK-
YUOHAAbHBIE eOUHUYDl, BHISBISEMBIE C IIOMOLILE) KOMILIEMEHTAIHOHHOIO
TECTa, COBIIAJAIOT CO CMPYKMYPHbIMU eOuHuyamu reHoMa. I'panunsl Mexmay
TeHaMHM Ha KapTe yKa3aHbI IPOU3BOJIBHO, IIOCKOIBKY HCIIOIL30BABIIACCS NPU
NOCTPOSHUM KAPThl MyTauMy HE IO3BONSIOT TOYHO JIOKAJIN30BATH 3TH Ipa-
nunpl. MccnegoBaHust pasfidyHBIX HapYUIEHAMH Oporiecca  pa3MHOKEHUs
Yy KOHKDETHBIX MYTaHTOB B HENEPMMCCHBHBIX YCJIOBHSX [O3BOJNSIOT NPHIU-
caTp Kax/JIOMy UMCTPOHY OIpENeIeHHYIo (GYHKIWIO, Kak 3TO YKa3aHO Ha
puc. 7.5,

I'enom dara ¢$X174 npencragiser cofoil OQHOUEIOYEUHYIO KOJIBLEBYEO
monexyny JHK, comepxamyro 5386 HykneoTHmoB. DTa HYKJIEOTAOAHAS MO-
CIENOBATENBHOCTE ObiNla ychemmo pacmudposada B 1977 r. dpemepuxom
Conrepom 1 ero xoyuterami. COOTHOIIEGHHE MEXIY T€HETHYECKOH XKapToi,
H300pakeHHOM Ha pHC. 7.5, B XUMHYECKOH kapTod Oyaer obCyxmarhes
B Im 12,

VMepenubin OakTepuodar A

Hccrnenopanus ymepeHHoro GaxTepmodara A BHECNTH BaXKHBIH BKJIag B IeHe-
Ky, dar A comepxuT jmHednyro Monexyry JHK miampoit npumepHo
49000 n.m., To ectp mourd B 10 pa3 Gosee mIMHHYIO, YeM TeHoM ¢ara
$X174. dar L npenctasiseT OONBIION MHTEpec, OCKOIBKY €r0 TeHeTHdYe-
CKHE perysiTOPHbIE MEXaHU3MBI JIOBOJILHO cNOXHBEL Korma 4yBcTBHTENBHYIO
OaKTepHATIBHYIO KIICTKY 3apaXaloT YMEpeHHBIM OakTepuodaroM, Hampumep
daroM A (puc. 7.6), BO3MOXHBI 1Ba BapdaHTa JajdbHeWux cobbiTHil. B nep-
BOM ciiy4ae ¢ar pelIMnupyercs, IPOU3BOIMT MHOXECTBO IOTOMKOB H pas-
pylaer kieTky. Bo BTopoM ciydae ¢aroBas MHGEKNHUS NPHBOIMT K JIH30TeE-
HHM3aUMY KIETKY, IPH 3TOM ¢ar BcTpauBaeTcst B GAKTEPHAJIBHYIO XPOMOCOMY
W NIPEeBPAIIAETCS B IACCUBHBIN yYacTOK OaxTepuasbHOro reHoma. B takom
cocTosiHAM ¢ar npencrapiasieT coboll npodar MM TPOBAPYC, PEILTANHPYIO-
UMidcs JTUIIL KaK 4acTh FeHOMa XO3s4WHA ¥ B TAKOM BHIE NONAMArONIWi
B IOYepHHe KJIeTkd. Ilpu 3ToM MHOrHMe IeHbl ¢ara, MOTEHHHAIBHO Jie-
TAJbHBIE I KIETKU-XO3SMHA, HAXOOATCS B HEAKTUBHOM COCTOSIHHHM, UM pe-
npeccuposatsl. Oqaaxo uHOrAa dhar MOXeT UHOYYuposameca, NePeBOas KIIeT-
Ky Ha INyTb JM3HUca; KJeTka Norudaer, BBICBOOOXIAasi MHOTOYHCIEHHOE
nmotoMcTBO dara (puc. 7.6). TakuMm oOpa3zom, dhar A CIyXKHT MOACIBIO IE€He-
THYeCKOH CHCTEMEBI BHpYC—XO03suH. V3ywenme ero ¢GyHKuuOHMpPOBaHHs MO-
CIIYXKUJI0 OCHOBOH [ COBPEMEHHBIX NpeACTaBJIEHHH 06 OnyxoJjepoaHbix
BApYCcaX MJIEKOIMTAIOIMX, CHOCOOHBIX BCTPAMBATLCS B FEHOM, TaKHX Kax
pApyc momiomMsbl © SV40. B 37O ry1aBe MBI PacCCMOTPHM PAa3/IMYHBIE THIILI



Puc. 7.5. I'enetnueckas xapra dara
$X174. CxemaTHyeckyd M300pakeHBI Ya-
CTOTHI MOSIBIICHUS] peKOMOHHAHTOB [H-
KOTO THNA TpH OBYX)aKTOPHBIX CKpe-
IIMBaHMSX. PaccTosHMA MexOy 4Yeprod-
KaM#l COOTBETCTBYIOT 4aCTOTE IOsBJeE-
HHS PeKOMOMHAHTOB IMKOro THIA, paB-
Hoit 10~ * BmyTpy mucTpoma A4 uep-
TOYKM BHE KDyI'a COOTBETCTBYIOT 4a-
CTOTaM pekOMOMHANNKM CAaHTOB BHYTDH
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oucTpoHa A ¢ MapkepamMu B JIpYIHX
IUCTPOHAX ; YEPTOYKH, OPHMEHTHPO-
BaHHbIE BHYTPh KpPYyra, COOTBETCTBYIOT
4aCTOTAM peKOMOHMHALMH BHYTDH LH-
crpora A. ['papunbl Mexay HUCTPOHA-
MU (IIBETHBIC YCPTOUKY) NPOBEACHBI YC-
JIOBHO. YKa3aHbl QYHKIHM KaXIOTO LU-
ctpoHa. [Benbow R. M. et al. (1974). J.
Virol,, 13, 898.]

MyTanuid, oOHApYXKEeHHBIC ¥ dara A, a TaxKe reHSTUYECKYIo M (QU3IMYECKYIo
KApTHI €r0 TeHOMAa. DKCIPECCHs ¥ peryisuns renoma ¢dara A Oyayt nogpo6-

HO PAacCMOTpeHBI B I 15.

I'ennI ¢dara A

J1s npeHTHOUKANHA MyTaHTOB (ara A, Tak ke Kak M ApYIHX GaxTepHoda-
TOB, aHANM3HPYIOT HeTaTHBHble KONOHHH (Ossumikk). 'enpl dara A MoOXHO
pa3buTe Ha [Be IPYHNbI: CYIIECTBEHHbIE I (HOPMAPOBAHHS HETaTHBHBIX
KoJIoHHH (0003HaYaroTCs NPONMCHBIMYM OyKBaMH) M HeCyliecTBeHHble (060-
3HAYAOTCS CTPOYHBIMH OykBaMH HJIH OykBaMu rpedeckoro amngasuta). Cy-
UIECTBEHHBIE T€Hbl HICHTHQHUUHPYIOTCS C NMOMOUILIO YCIOBHO JETaJbHBIX
MyTaumii: nmubo sus, mubO s, Kak yxe obcyxgamoce Beimie. KoMrneMeHTa-
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TloTomcTBO
Pnc. 7.6. BosMOXHEIE HYTH pa3sBHTHs OakTe- ku. Ilpy nam3orenusandu KJIETKM B €6 XpOMOCO-
puanbHOH KIETKH, 3apaxeHHOH darom A: nH- My BcTpamBaeTcs npodar. Mapeaka MHIyKOus
3MC MJIA JIA3oreHM3anns. JIM3Hc BegeT x mo- npodara HepeBOIUT KJIETKY Ha IyTh JIHM3HcA.

ABJIeHUIO (haroBOoro MOTOMCTBA M THOENH KJer-

UHOHHBIH aHAJNA3 3TUX MyTalMi II0KA3aj, 4YTO OHH JIOKAJIM30BaHel B 25 pas-
MUYHBIX mACTpoHax. CeMb HMUCTPOHOB OTBEYANOT 3a (OPMHUPOBAHHME HOP-
MasipHOM TojoBKH Gara, ceMp OpYrHx—3a (GOpMHpOBaHHE HOPMAJBHOIO
XBOCTOBOYO OTPOCTKA. ITH IeHbI JTUGO KOOUPYIOT CTPYKTYpHBIE OesIKd, BXO-
IOSIIMe B cOcTaB ¢ara, mubo HeoOXOoaUMEBI i IPAaBHIBHONH COOPKH (haroBeix
yacTul. JBa reHa oOecHeYMBAIOT JIM3HC KJIETKH U BBICBOOOXIEHHE NOTOM-
crea ¢ara. Eme nBa rena HeoOxomumel mis perummkammm JHK dara A,
OCTaJIbHbIe TPH IeHa HIpPaloT BAXHYK PETYISTOPHYHO POJIb.
HecyutecTeeHHBlE TeHBl HASHTHGOWUMPYIOTCE IO MOpQOIOrMA Hera-
THUBHBIX KOJIOHHH A NIPU JETENHSX YYaCTKOB IeHOMA, B KOTOPBEIX OHH JIO-
kanu3osaHpl. darg A AUKOro THUIA IIPH TIOCEBE Ha BOCHPHUMYHBOIO XO3siMHA
06pa3yroT MyTHEIE HETATHBHBIE KOJIOHNH, IOCKOJIBKY HEKOTOPEIC M3 HHOHIIA-
POBAHHEIX KJIETOK CTAHOBSTCS JM3orennsiMu. KieTku, comepxainie npodar
A, HMMYHHBI IO OTHOLIEHUWIO K 3apaxeHHto (paroM A ¥ MOITOMY Pa3MHO-
XKAIOTCSA BHYTPHM HEraTHUBHOW KOJIOHHUH, menas ee MyTHoH. Hekotopsle MyTta-
uu (clear, ¢) npumaroT ary cnocobnocTs GOpMHpPOBATh IPO3payHble Ostul-
KA. OTH MYTaHTHI He CIIOCOOHBI K JIM30TeHA3ANUH, 1 UHOHUIMPOBAHHAS HMH
KJleTKa Bcerga paspymaeTrcs. Myrtanmm clear oOHapyxeHsl B 4eThIpex pas-
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Puc. 7.7. Tenom cdara L. TeHnl, cymecTBeHHuIe s pa3BuTHs (dara, 0603HAYEHBl CTPOYHBIMM OYK-
Bamu. A. IIpoueHTHasi mikana paccrostuii Bmonk Mosekyiasl JJHK. b. Temetmueckas kxapTra, mo-
CTpPOEeHHAsi Ha OCHOBaHMM YacTOT pekomOuHanymu. B. dusmueckas kapTa, OCHOBaHHAsi Ha IeTepOIy-
wiekcHoM aHanu3e. I. HekoTopble M3 mepecTpoeK, MCIIONB30BaHHBIE TPH IETEPOJAYILIEKCHOM
KADTHPOBaHHHY: gal B bio —-3ameineHus], b - genennd 4 3aMEHBI, BIMAIOIMME HA HMMYHHBIC CBONHCTBA
tdaros nsM6pomaHoro cemeiicrsa. [[. Pacupenencude reHermyecknx ¢yHKuuii B TeHOME.

voddns woHaJ °/

L0z
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auyHbIX reHax: cl, cll, cIIl ¥ cy. [ipyrue HeCYIIECTBEHHbIE T€Hbl UASHTHOU-
UUPYIOTCS 110 MYTAHTHBIM ()aram, KOTOPbIE MMEIOT KPYIHYIO ACNCLHI0, HO
TeM He MeHee crocoOHBI QOPMAPOBATE HEraTHUBHBIC KOJOHHH. [lenenuu
B dare A obHapyXuTb Jerko, HOCKOJIBKY Hecymue aenenyu daru copepxar
B rojioeke Menbitne JTHK no cpasHeHuio ¢ HOpPMaJIBHBIMH, & CJICAOBATEIBHO,
ux JHK xapaktepu3ytorcs WHOW IJIOTHOCTBIO, YTO BBISBISECTCS IpU IEH-
TPUQYTHPOBAHAN B T'PAIUEHTEe XJIOPUCTOro nesus. Takue Myranud ¢ HU3me-
HenHOM muoTHocThio JJHK obo3navarorcs Oyksoif b. daropas 4acTHIA MO-
xeT yrpatutre a0 22% JHK u3 cepemyHBl MOJIEKYinl, He YTpauydBas
CHOCOOHOCTH (OPMHUPOBATH HeraTHeHpIe KoJOHMM. OjHako daryt ¢ TakuMu
OENeNUSIMA He CIOCOOHBI X JIM30TeHHU HJIM TeHETHHYECKOH pexoMOHWHAIUM,
IIOCKOJIBKY Y HHUX BCE Xe HapYINeHbl HEKOTOpHIe (QyHKIAM.

Ha puc. 7.7 u3obpaxeHa reHeTHYecKast KapTa, NOCTPOEHHAS 110 JaHHBIM
0 9acTOTe PEKOMOMHANNI MeXIy MYTALUsMH, 3aTPATABAIOIIMMH PAa3MHOXe-
ure ¢daros. 3aMevarenpHast 0COOEHHOCTh 3TOH KapThl B TOM, YTO I€HBI, OT-
BETCTBEHHBIC 34 OCYIIECTBJIEHHE POICTBEHHBIX (u3nonormyeckux QyHKIHM,
CrpYNIHMPOBaHBI BMecTe (reHbl GOpMUpPOBaHHS TOJIOBKH, (popMHpoOBaHHS
XBOCTOBOIO OTPOCTKA, FeHbl, OTBETCTBEHHEIE 3a JU3uC). Jpyras BaxHas oco-
OeHHOCTDb I'eHEeTHYECKOH KapThl para A—3TO ee JNUHEHHOCTEH: BBIJEJICHHAS W3
¢daroseix dactan A JHK umeer dopmy JUHEHHBIX OBYXUCHOYEYHBIX MOJEC-
KyJL

ITpodar A

MyrtanTHBIE TeHBI, comepxalpecs B Ipodare A M BCTPOCHHBIE B 0axTe-
pHATBHBIE FEHOM, MOXHO KapTUPOBATh, HCIIOJB3Ysl ONHMCAHHLIE B CICIYIO-
UMX TIaBax METOHbl TeHeTHKHM Oaxrtepuil. Taxue mccleqoBanMs IOXas3ay,
4TO mpodar A BcTpamBaeTcst B reHoM E. coli mexay renamn gal m bio, xon-
TPOJHMPYIOIIMME TOTpebJieHHe caxapa TaJlakTO3bl W CHHTE3 BHUTAMHHA
OMOTHHA COOTBETCTBEHHO. IloCTIeHOBATENEHOCTE T€HOB HA TI€HETHYECKOH
Kaprte Ipodara CpaBHYBAIA C COOTBEICTBYIOMIEH MOC/ENOBATEIBHOCTRIO HA
reHeTHYecKoil xaprte dara (puc. 7.8). OHU, KaK HU CTPAHHO, HE TOXAe-
CTBEHHBI: Jir00ast U3 HUX ITIOJIYYaeTcst U3 APYroi HOCPEACTBOM UUKIHYECKOM
IePecTAHOBKH. ITO pa3IdvHe B [MOC/S0BATEILHOCTH [C€HOB BO3HUKAET U3-3a
MeXaHH3Ma, ¢ ToMourpro kotoporo A-JITHK BcTpanBaeTcs B OakTepra bHyIO
XPOMOCOMY.

Jluneitnas monekyna JJHK ¢ara A mMeeT KOMILIEMEHTApHBIE OJHOIENO-
YeqHbie KOHIBI, COCTOsimue u3 12 HykyieotuaoB. Ilocfie IpOHMKHOBEHHS
B KJIETKY OakTepHUH-XO3sMHA 3TH «IMIKHE» KOHIBI crumBaroTcs JHK-aura-
30if M obOpa3yercs xojblepas moliexyia. Kompuesas Monekyna JHK dara
A MOXET 3aTeM BCTPOUTHCA B OaKTepHANILHYIO XPOMOCOMY IPH Y4acTUH da-
TOBOIO T'eHA int, KOMUPYIOWEro 0esoK, KOTOPLIH KaTaJUu3ApyeT CaiT-creni-
dudeckyro peKOMOWHANMIO Mexay ydacTkom npukpernennss JJHK ¢ara
X xpoMmocome OaxTepuu (attP) U COOTBETCTBYIONIMM OaKkIepHAIBHEIM Caif-
TOM (attB wim attA). TIpu 3TOM XxpomMocoma A paspriBaercs B attP-caiite, Ko-
TOPHIH JIOKAJNU30BAH B CEPEe/IMHE CHETHYECKOW KapThl dara, ¥ B pe3yjbrare
IPOUCXOAUT H3IMEHEHHE TOCIeqOBATENBHOCTH T€HOB B Hpodare, kak 310 IO-
kKazaHo Ha puc. 7.8.

Hocne Buempenust B OakTepHATIbHYIO XPOMOCOMY BCE TE€HBI A, KpOMe
IBYX, IepecTaroT paboTaTh (MHAKTHUBHPYIOTCS) H OKa3bIBAKOTCS 110 KOHTPO-
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Puc. 7.8. Kapts! Bupy- attP
f'/R
JeHTHOro dara u npo- A ;] POP N R
¢ara A: mokasaHbl me- OHK dara X rr -
m m

XaHHU3M HHTErpanuu

B XpOMOCOMY XO3sUlHA.

KOJILLEBOTO TeHoOMa A l m, m’-JIMIKHAE KOHIBI

Ca#it attP o6o3navuen

cuMmBosiom POP', a cafit

attB—cumBosiom BOB'.

14—1215

Amm'R
J <> N
Pexom6uHauua
Xpomocoma gal bio
E. coli
BOB’
; int
int +
Xis
gal BOP’' N Rm'mA J POB" piy
<D

Unrerpuposansasa JHK npodara A

JIeM pelipeccopa—6eska, xogupyemoro redom cl. Hamune penpeccopa cos-
naet y E. coli (A\) ummynuTeT ¥ WHOHIMpPoBanuio apyrumu daramu A. Ipo-
dar A perTHHHAPYETCS KaK YacTh POAMTEIBCKOH XPOMOCOMEBI M HACIEHYETCs
JOYEPHUMH KJIeTKaMH. B nonynsiuy IH30TeHHBIX OakTepuit mpumepro 1 u3
10° kIeTOK B KaXAOM IOKOJICHHH BCIIEACTBHE CIOHTAHHOM uHOyKyuu upoda-
ra JU3UPYETCA M OCBOOOXKHAeT MHOIOYHCJIEHHOE MOTOMCTBO (aros
A (puc. 7.6). Takas cnocobOHOCTh OakTepHanpHOH KynbTypel ¢ npodarom
CIOHTAaHHO NPOAYHUPOBATE dar oOBACHSET NPOUCXOXKICHHE TePMHUHA AU3O-
zenun. I pAYMHLI CIIOHTAHHOHN MHIYKIAM HE SCHBI, OJHAKO H3BECTHO, YTO HA-
pyLIeHNE CIIOCOGHOCTH KIeTKH-XO3sMHA PerIHIupoBaTh cobcreennyro JHK
MOXeT BBI3BaTh WHAYKIHEO. Tak, Hanmpumep, yabTpadHoaeTOBOe 00NydYeHue
HHOYOHUpYEeT OOJBIIMHCTBO copepXamuX hpodar kiIeTok KyiapTypsl Omu-
caHbl TEMIIEPATYPOYYBCTBUTEIbHBIE MyTallMK cl-reHa, BBI3BIBArOIIME MHOYK-
IO [IPY MOBBILIEHHOH TeMIepaType. JTH MYyTalWH MalT yaoOHbIi skcne-
PUMEHTA/JBHBI MeTON H3y4YeHHs HOCHENOBATE/BHBIX STAalOB HHIYKIIHH.
Ilepsoe coOBITHE, CBSI3aHHOE ¢ MHAYKIUEH,— BHIX0 npodara U3 XpOMOCOMBIL.
MexaHu3M 3TOro Ipolecca aHAJOTHYEH MeXaHW3My BKIrOYeHHs npodara.
BrIxox U3 XpoMOCOMBI KOHTPOJMPYETCS ABYMst TeHamu dara A, int u xis; pe-
3yNIbTaTOM sBIIseTcs 0Opa3oBaHWe KONBLEBOTO TE€HOMA A, KOTODBIH Ha-
YEHAET PETMIMPOBATHECS NOCPEACTBOM 0-MexaHW3Ma H IPOLYHHPYET MHO-
KECTBO HOYEepHUX IeHoMoB. BnocnenctBum Mexanusm pernmkanun JHK
MeHsieTcsl Ha o-Tull. OGpasyroumecst IPH 3TOM JIHHeiHpIe TeHOMBI dara uH-
KaICyMpYoTCs B OCNIKOBYHO TOJIOBKY (CM. Til. 4).

ITpodar A mouTH Beerda BHIPE3ACTCSE U3 XPOMOCOMBI DAKTEPHH TOYHO MO
CBOMM TpaHuIlaM, 00pa3yst KOJbLeBY0 GOpPMY MHTAKTHOTO TeHoma A. UHor-
I1a, OJHAKO, BHIPE3aHHE NPOUCXOLWT HETOYHO, YTO IPHUBOAMT K obpasoma-
HUIO XxoJbueBoil Momekynsl JHK, B KOTOpo# Onuu U3 KOHIEBBIX YYacTKOB
reHoMa npodara yrpadeH, a BMECTO HEro BKJIIOYCH YYaCTOK XpOMOcoMEI E.
coli, cMeXHBI ¢ ApyrMM KOHIOM reHoma mpodara (puc. 7.9). Takwe ru-
O6pUaHbIE MONEKYJBl MOTYT NPOAYHHPOBATH HOBBIE XH3HECTIOCOOHEIE (a-
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gal BOP' N RA j POB" i,
<D

1N i J
J

} POB bio
gal N

: I

A gal BOP" y R A POB’ piy R
> 4 <D

Puc. 7.9. Obpasosanye TpaHcAynupyroumx ¢daros Agal H Abio B pe3yiabTaTe He-
TOYHOTO BHIpe3aHusi npodara U3 XDOMOCOMB! OaKTePHALHOH KIICTKH.

rOBBIE YacCTULB! JUIIb B TOM CIy4ae, €CIM He yTpadyeHbl KakHe-THOO cyiie-
CTBEHHBIC T'€HbI reHoma A. Te MousieKynbl, B KOTOpble Ilomanaer reH bio E.
coli (M bio), XKn3HeCIIOCOOHBI, TAK KaK B HHX OOBIYHO OTCYTCTBYFOT JIHIB HE-
CYIIIECTBEHHBIE TeHbl Mexay attP u renom N. HanpotwB, MoJekysel, B KO-
Topele nonagaer reH gal E. coli oOBIMHO HEMONHOLEHHBE! B pPe3yiabTaTe
YTpaThl CYLIECTBECHHBIX T'€HOB, JIOKAJM30BAHHBIX MEXIY aftP W JIeBbIM KOH-
LOM XpoMOCOMEBL Ecnu xakne-Iu00 CyIecTBEHHBIE TeHbl YyTpadeHbl ¥ dar He
crocobeH GOPMHPOBATh HETATUBHBIE KOJIOHHH, €0 HA3bIBAOT IeeKTHHIM
A B Ha3BaHWE TAKOro (ara BHOCHTCS Oykma d: Adgal. ®aru Adgal nim Adbio
(B cmy4ae, ecm yTpauyeH CYIIECTBeHHBIN reH N) CIOCOOHBI Pa3MHOXATHCS
B IIPUCYTCTBHHM HOPMAJIbHOTO ¢ara A, KOMIIEHCHPYIOMETO (GYHKUHH, Hapy-
mienHele y 3TuX (aros. @arm Adgal u Adbio nerxo BBIABATL Oiaromaps ux
crocoGHOCTH TpaHcayluposaTh TeHbl galt w biot B gal™- wma bio™-
OGaxTepud. OTH TPaHCAYUHUPYIOWIAE (Pary TaKKe MOTYT JIM30TeHU3MPOBATh
kietkn E. coli (Mdgal).

Pa3sMep 3aMeUIeHHoro y4acTka B TeHOMe A KOHKPeTHBIX (haroBbIX HITaM-
MoB Adgal v Abio MOXHO OLEHHMTH C [IOMOINBE) KOMILIEMEHTAUAOHHOTO
¥ pexoMOuHaIoHHOTO TecToB. Hanpumep, dar Adgal MOXXHO UCIILITHIBATE HA
CIIOCOOHOCTh MO0 06pa30BHIBATE PEKOMOUHAHTE! AUKOTO THIIA B CKpEuIiBa-
HASX CO MHOXeCTBOM Pa3jMYHBIX MYTAHTHEIX JIMHHE (ara, Jubo Kommre-
MEHTHPOBATh C H3BECTHBIMA MYTAHTAMMA IIPH CMEMIAHHOM HHOAUMPOBAHMA.
B 1adn. 7.5 mpencraBieHsl jaHHble O HAJIWYHMH FUIH OTCYTCTBHHM DPEKOMOH-
HAaHTOB IMKOTO THIIA IIPY CKPELIMBAHUM HeCKONbkuX (aroB hdgal c Hocute-
JISSMH OTIPENENeHHBIX SuS-MyTalii B Pa3iIM4HbIX IHUCTpoHax. Eciu B maHHOM
mraMMe Adgal OTCYTCTBYeT COOTBETCTBYIOIIMH TeH JHKOTO THIA, TO pe-
KOMOHHAHTBI JHKOTO THNA He o6pa3yrorcs. DTH JaHHBIE IO3BOJISIOT OIpe-
JENUATh IOJIOKEHHE JIeBOTO KOHIA, BCTPOSHHOTO B T€HOM A yYacTKa reHa gal
OTHOCUTEJIPHO MYTANMHA SUS Ha TEHETUYECKOH KapTe, Kak 3TO n300paxeHo Ha
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Tabamma 7.5. PexoMOuHanms mexny Adgal M sus-MyTamusMp B UMCTPOHAX JIEBOTO

wieya cdara A

A dgall A dgal? A dgal3 A dgald A dgal5
A susA — + + + +
A susB . — — + + +
A suskE — — - + +
A susG — - - - +
A susH - — - — +
A susM — — — — —
«+» HaIHuue p€KOM6HHaHTOB JHAKOTO THIIA; «—» HX OTCYTCTBHE.

Mo Campbell A. 1959. Virology, 9, 293.

puc. 7.10. [IpaBblii KOHeN STOTO y4acTKa BCErJa COBNAMAET ¢ CAHTOM HHTe-

rpanuu attP.

INocie Toro kak nonydeH Habop Adgal ¢aros ¢ xapTHpOBAHHBIMH JIEBbI-
MU KOHIIAMH, YK€ JIETKO OKa3bIBAETCS ONPEHE/IUTh MOJIOKEHHE HEH3BECTHBIX
TOYEYHBIX MYTAIMHA OTHOCHTEILHO 3THX KOHHIOB: TpeOyeTCs JHMIIb y3HATh,
00pa3yroTcs M PeKOMOHHAHTBI QHKOrO THIA MEXAY HEeH3BECTHBIM MYTaH-
TOM H (aroM cooTBeTcTBYIOWEH NWHUH Adgal. DTa MeToauKa aHalorwvHa
METOAUKE KapTHpPOBaHHs rll-MyTanmuil ¢ IoMompro aenenuid (cM. L. 6).

CormnocTaBiieHHEe TeHETUYECKON
U (pmu3nvecKkon KapT dara A

JIaHHBIC 3JEKTPOHHOH MHKDOCKONHH IO3BOJSAIOT YCTAaHOBHTh TOYHOE CO-
OTBETCTBUC MEXJY IeHeTHYecKoHl xapToil dara A, mocTpoennoil na ocHOBe
JaHHBIX O pexoMOMHapuu, u monexynoil JTHK, npencrasisiromgit coGoit
xpomocoMy ¢ara A. [Ins pelleHus 3TOi 3amavyd HCIONBL3YIOT aeienun (Ab)

Puc. 7.10. Jlokanu3auysi KOHEYHBIX TO-
4yeK gal-3aMelleHUH HA TeHeTH4ecKol
kapTe dara A DpOM3BOOMTCS IO HAJM-
YHIO peKOMOMHAHTOB IMKOTO THIIA

14*

1 [ | [
i LI ] 0
G HM artp
| jod ! i
T N T

Mdgal ]

A\dgal 2

Mgal 3

Adgal 4

Adgal 5

B CKPEIUMBAHMAX MEXAY LITAMMAME
AMgal ¢ m3BeCTHBIMM Sus-MyTaHTAMH,
H300paxeHHas kapTa MOCTPOEHa NO
JAaHHBIM TAabnuusl 7.5.
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Puc. 7.11. Cxema 06pa3oBanus TeTepoOayILIeKca
MeXay OmHOuenoyedHnMu mosiekyaamu JHK,
HCXOOHO BXOIMBIIMMH B COCTAB IBYXIEIO-
YEYHBIX MOJICKYJ, PA3NHYalomMXCA MEXAY CO-

imm?*!

0ol nmenenysaMM M nepecTpoiikaMu. I'eHowm,

B KOTOpPOM YYacTok imm*! zamenen ma imm",
KOpoue reHOMa (ara A OMKOro THNA; Takas
nepecTpoiika HasbIBaeTCs Jieneuyed bS.

1 3amerrenns (Mgal, Abio), onncaHHble B npeablayineM paszaeie. Kpome to-
IO, OKa3bIBAIOTCH MOJIE3HBIMH OIM3KOPOACTBEHHBIE «IAMOIOHIHEIE» (arn
(¢parm 434, 82, 21), reHOM KOTOPBIX COJAEPKUT HEKOTOPHIE reHbl, obume ¢ da-
T'OM A, a TaKXe HeroMoJlorndyasle gary A obmacta. Kaxnaprit unen cemeiicrsa
nsMOOMaHBIX (aroB CHHTE3WpyeT XapaxkTepHel IHIIL JUIE HEro YHH-
KalpHBIH penpeccop, H, CIEJOBATEIHHO, OTBETCTBEHHbIE 33 HMMYHHTET
V4acTKH reHoMa (imm) y HUX Takke YHHKAIbHbI, JIpYrHMHU c1OBaMH, 00JIacTH
BMMYHHTeTa B pasHeIX IsMOmonmHserx darax Heromonoruynel. Ha puc. 7.11
cXeMaTH4eckH IpejcTaBieHo oOpa3oBaHUE TreTepOayNIeKCHBIX MOJEKYI
JHK, B koTOPBIX KaXas KOMIIEMEHTapHAs 1leNb HMeeT CBOE T€HETHUECKOe
NPOUCXOX ICHHE, DIIEK TPOHHO-MHKPOCKOITHYECKOE HCCASIOBAHNE TAKHX TeTe-
POAYILIEKCHBIX MOIIEKYJl MO3BOJAET UACHTUOHUNPOBATH KOMILIEMEHTAPHBIE
H HeKOMILIeMeHTapuble obmactu (puc. 7.12). Bonee TOYHO MOXHO CKa3aTh,
YTO XOPOIUO BOCHPOUW3IBOAMMBIE W3MEPEHHs NPOTSIKEHHOCTH [BYXIEno-
YeYHpIX YYAaCTKOB TaKMX rerepomayliekcHelx moiyekynl JHK mozsomstroT
YCTAHOBUTH NOJIOKEHUE KOHUEBBIX TOYEK AeNeUuii 1 100aBoK B TaKux Mone-
kynax. CoOOTBeTCTBHE MeXAYy ITHMH KOHIEBbIMH TOYKaMH B MOJIEKyJe
JHK 4 xoHumamMm cOOTBETCTBYFOIIMX NEPecTpoek Ha TeHeTHYecKo KapTte
MOXHO YCTAHOBHTH, IOTTyYast re€TEPOAYIUIEKCH H3 OQHOLETIOYEYHBIX MOJIEKYJI.
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Puc. 7.12. DnekTpoHHas
mukpodororpadus rere-
poaymiekca Agal/i. A.
IIpenapat rerepony-
nnekca Adgal P73/AbS.
OpHouenoyeYHble y4acT-
ku Ha Qororpadum mc-
HeImpeHbl KPYXO4YKaMH
(o6o3Hauenne b5 06bAC-
HEHO B NOJIMCH

K IpeblaylieMy PHCYH-
ky). b. Ilpenapar rere-
ponymiekca Adgal
P74/L%, Ha KOTOpOM
OTYET/INBO BHUAHHI OIHO-
HENOYEYHEIE YYACTKH.
H3mepeHue OJIMHBL
IBYXIEMOYSUHBIX y4ACT-
KOB JaeT OLEHKY (u3u-
YeCKOro pacCcTOSHUS OT
KOHIIOB aejienyit oo
KOHNOB Monekyabl. Ilpn-
cyTcTBHE mesenny b5 Ha
mukpodoTorpadum

A nokas3BIBAET, YTO
npaBbiil kOHEN M300pa-
XeHHOH 371eCh MOJle-
KYJIbI COOTBETCTBYET
IpaBoMy KOHLY TeHeTH-
4ecko# KapTbl, MOCKOJb-
Ky b5 pacnonoxena
cnpasa ot gal. [Da-

vis R. W., Parkinson J.S.
(1971). J. Mol. Biol,
56, 403.]

JHK ¢ u3BecTHBIMH TEHETHYECKH KAapPTHPOBAHHBIMHA IeNelMsIMH H Jobaska-
md (puc. 7.11). Taxo#l reTepoAynekCHbIH aHaau3 O3BONAET HOCTPOHUTE (H-
3MYECKYIO KapTy MapalenbHo ¢ reHeTHyeckod xaproit Ha puc. 7.7. IMo-
CKOJIBKY M3BecTHA oburas mimHa Mosekynsl JJHK A (oHa cocTaBiser okomo
49000 H.1.), MOXHO OIPENENHUTH INPHMEPHYIO BEJIMYHHY KaXKIOrO TIeHa.

OpraHu3auusi reHoMa
¢aros T2 u T4

Kpynubie ¢parn T2 u T4 O6am3kopoacTBeHHBL. OHH 0071aHAFOT WISHTHYHOM
opranm3an@eii renomMa, ¥ OOJIBIINHCTBO reHOB Yy HUX oOume. Pagnoasrorpa-
¢dus xpomocomsl dara T4 (puc. 7.13) cBuaeTeILCTBYET O NAHEHHOCTH MOIe-
xynel JHK. Ee mon. macca pasHa 120-10° manbTon, a [UIMHA COCTABJISET
182 000 maper nyxneotagos. Par T4 Oblnm npegMeTOM MHTEHCHBHBIX T'€HETH-
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Puc. 7.13. Pannoasto-
rpad xpomocoM dara
T2, Kaxpnas MoJjekyna
COJIEPXHUT HOJIHBIH re-
HOM DaKTepHAILHOTO
BHpYCAa H HMEET NpOTH-
)eHHocTh 52 Mkm (Dr.
John Cairns, Imperial
Cancer Research Fund,
London.)
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YeCKHX HCCaenoBaHui (BcrioMHHUTE rI[-MyTaHTHL W3 1. 6), U AN HEro H3-
BECTHBI MyTaudd BO MHOI'MIX NHUCTPOHAX. AHalW3 peKOMOHHAUMH C HMCIOJb-
30BaHMEM TpeX- U 4YeThIPeX(aKTOPHBIX CKPEUMBAHHME MOKA3am, YTO reHeTH-
yeckas xaprta ¢ara T4 umeer xonbleByro Gopmy (puc. 7.14). IIpoTtuBopeune
Mexay maHeitnocTeio Monekyapl JJHK dara u xonenesoit ¢hopmoii ero rede-
THYECKOHR KapThl YAAJIOCh Pa3pelluTh B pe3yjbTaTe IeHETHYCCKUX H (H3UYe-
CKHX 3KCIIepHMEHTOB, IOKa3aBUINX, YTO BbIIENeHHBIE W3 dara T2 muHelHbIe
mosrekyasl JTHK comepxaTt na o60HX KOHHAX YYACTKH C OAMHAKOBEIMY IIO-
CJICIOBATENBHOCTAMH HYKJICOTHIOB (KOHY€gyw u3bbimouHocmy), a TMOPSIOK
FEHOB B MOJIEKYJle AOMYCKaeT yukauueckue nepecmarnogky. DPH3MYECKUE
JaHHple O KOHILEBOH HM3OBITOYHOCTH (IYIUTMIIMPOBAHHOCTH) IIOCI/IEIOBATENb-
HOCTe# ocHOBaHHIl MONMy4YeHbl U3 IKCIepUMenToB, B Kotopbix JHK T2 moa-
Beprajiach jedcTBUi0 3k3oHykneasnl III. 3T1oT depMeHT mnociemoBatensHO
ortmemsieT Hykneotunsl ¢ 3-OH-kounos neneit THK, B pe3ynpTaTe yero Ha
KOHIIAX IBYXIENMOYEYHOR MoOJeKyasl 00pa3yroTcs OTHOIENOYEYHbIe YYaCTKH
¢ 5-PO,-xonnamu (puc. 7.15). Mukybanust 3Tux NOABEPrHYTHIX HEHCTBUIO
dbepMeHTa MOJIEKYJI B YCJIOBHSX, IOMYCKAIOMIUX YCTAaHOBJIEHHE BOIOPOIHBIX
cBsizell MeXIy KOMIIJIEMEHTApHBIMH OJHOLENOYEYHBIMU TOCIEI0BATENBHO-

rd48

Puc. 7.14. Koabuesas

reseTuyeckas Kapra ga-
ra T4. Ha uBerHmix ay-
rax o0o3HaYeHBl Map-

KEphl, CHellJIeHHe MeXIy
KOTOPBIMH OIIPECISIIN
B Tpex- M 4eTbIpexdak-
TOPHBIX CKPEIINBAHUSIX.
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Puc. 7.15. Cxema, ne- 1 2 3 4 5 6 7 8 9 0 1 2
MOHCTpHPYoIast KOHIle- ——————— - - -

BYIO H3BGBLITOMHOCTB 2 ¥ya 5 o6 7o 9012

B resome dara T2 3 4 5 6 7 8 9 0 1 2 3 4

u obpa3oBaHue KOJble- 3 4 5 6 7 8 o 0O 1V 2 3 4

Boii Mouekynst JIHK. 5 6 7 8 9 0 1 2 3 4 5 6
Kaxnyro u3 Tpex MoJe-

Kyl MOXHO TpPeBPaTHTh 5 6 7 & 9 0 1V 2 ¥4y
B mobyro Apyryo my- Jkaonykneasa 11

TeM HUKJINYecKOH mepe- /

CTaHOBE(I/I, u oba KoHOa I 2 34 5 6 7 8 9 0

KaXI0H MOJEKYJIBl CO-

AepXaT KOHIEBLIC IIOB- 3 4 5 6 7 8 o O 1 2

Tophl. Dk3omykieasa III 3 4 5 6 7 8 9 0 1 2

JeiicTBYeT Ha S'-KOHI[BI

(MecTo neiicTBus ep- 7 & 9 0o 1 2 3 4
MeHTa YKa3aHO CTpell- 5 6 7 8 9 0 1 2 3

KOH), 1 oOpa3oBaBLINECS

8§ o 0O 1 2 3 4 35 6
KOMILJIEMEHTaPHBIS
YYACTKM «CKJIEHBAIOTCSH»,
06pa3ys KOJIbLEBBIE MO-
nexynel. Ecmu nunnaa
OTpEe3aHHbIX KOHIOB
[peBLIIUAET [JIMHY
MOBTOPSIIOUIMXCS y4acT-
KOB, TO B KOJIBLEBOH
MoJIeKyJie OYILIeKCHbIHA
CerMeHT OKa3bIBaeTCs
006paMJIEHHBIM 1ByMs
O/IHONENOYEIHBIMU
ysactkamu (Gpeliamu).
AaMHa [IBYX1IEOYE€YHOTO
CerMeHTa (M ero cocrasB)
coBNAaJaeT ¢ OJIMHON
KOHIIEBBIX MOBTOPOB (CM.
puc. 7.16).

Bpelun HeT OpHna Gpeius Bpelln ¢ IBYX cTOpOH

CTSMH, NIPUBOAUT K 00pa30BaHHIO KONBIEBBIX MoJeKyJ (puc. 7.16). 3amblka-
HHE B KONIBIIO BO3MOXHO JIHILL B TOM clyYae, €CliH ABYXUenoYeyHas Moule-
xyna JHK dara T2 comepXUT HOSHTHYHbIE NOCICIOBATEIBHOCTH OCHOBA-
HHll Ha ODOHX KOHIAX, KaK 3TO CXEMAaTHYecKH H300paxeHo Ha puc. 7.15.
[Ipexmae 4eM MOJEKYJIB CTAHOBATCA CIOCOOHBI 00pa30BbIBaTh KOJIbLA, (ep-
MEHT JOJDKEH oTwenuTh okoio 2%, JTHK T2. 310 o3Hayaer, YTO NPOTKEH-
HOCTh OYNIMLHPOBAHHBIX (M30BITOYHPIX) KOHIIOB MOJIEKYJBl COCTABISET
okoyio 1%, miauHBl TeHOoMA.

leneTnyeckue maHHBIE O KOHIIEBOH H3OLITOYHOCTH TeHOMOB ¢Qaros T2
n T4 nmpoHCTekaroT M3 CYUICCTBOBAHHS TE€TEPO3MTOTHHIX (ArOBBIX YACTHIL
daroBble reTEpO3UTOTHL BO3HHKAIOT B PE3yJbTATe PEKOMOHMHALMH MEXIy
daraMu ¢ pasnHYHBIMH reHoTHHAMH. OHH JIeTKO HACHTHOHIHPYIOTCS, TO-
CKOJIbKY KaXIbI Takoit ¢ar obpa3yeT HEraTHBHYIO KOJIOHMIO, COOCPKALIYIO
daru 060oux reHoTHnos (cM. puc. 6.1). I'eHoM emUHMYHOTO hara MOXeT ObITh
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Puc. 7.16. DaekTpoHHas
mukpodororpadus
KOJIbIEBEIX MOJEKYI
OJHK ¢ara T2. A.
Konbuesast Mosekyna
IpOTSXKEHHOCThIO 54.9.
B. Konbuesass MoJeky-
Jla, Ha KOTOPOH BHIHBI
nsa OJM3KO pacroJio-
XEHHBbIX OJHOLENO-
YeyHbIX y4YacTka, pas3ze-
JIEHHBIE IYILICKCHBIM
CerMeHTOM JTMHOH

1,7 MkM (CM. CTDCJIKH).
DTOT OYILIEKCHBIH cer-
MEHT COOTBETCTBYET
KOHI1EBOH H30BITOYHOCTH
monekynsl. [Mac Hattie
L. A. et al. (1967). J.
Mol. Biol,, 23, 355.]

reTePO3UTOTHBEIM JIHIIIb IO TECHO CUEILIEHHBIM reHaMm. B monynsiwmu daros,
OIHAKO, BCTPEYAIOTCS TETEPO3MIOTHI IO BCEM I'eHaM, GE30THOCHTENBHO K HX
IIOJIOXEHHIO Ha kapre. KpoMe Toro, pasmep y4acTka, o KOTOpoMy dar us-
OBITOYEH H TeTePO3NTOTEH, YBEJIHMYHBAETCH Y MYTAHTOB, HECYILMX HEJICLHH,
B CBS3H ¢ OCOOBIM MEXAHH3MOM YIIAKOBKH, KOTOPBIf MbI BKPATIE PaCCMOT-
puM Huxe. (B otnmune ot dara A y daros T2 u T4 nenenuu He YMEHBINAIOT
xommuiectso JIHK B ronoske ¢dara.) Y3 stux Habmonenuit MOXHO cIOeiaTth
JIMIIL OMHH JIOTWYSCKHH BBIBO: HE CYUIECTBYET COUHCTBEHHOIO YHUKAJIBHO-
ro nopsaka reHop BaoJjb Bcedd motiekyspl JHK, apyrumu cioBamu, y KoH-
KpeTHeIx (aroB B HOUyJIAUH H3OBITOYHBIM MOXET ObITh MOOOH rem.
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Puc. 7.17. Cxema, ne-
MOHCTPUPYIOIIAs LMKJIH-
4ecKHe MepecTaHOBKU
(mepMyTanuy) HykKJI€O-
TUIHBIX NOCIEN0BATENb~
HOCTEHl TeHOMOB B IIO-
nynsiqun daros T2. Ka-
xKIas MepMyTanus
HMeeT KOHIEBOH mno-
BTop. KoHuesrle mo-
BTOpBI He HaxomsT cebe
KOMILIEMEH TAaPHBIX
[apTHEPOB M OKa3bl-
BalOTCS BHE KOJIBIIEBOTO
AyILieKca.
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1 2 3 4 5 6 7 8 9 0 1 2
r 2 3 4 5 ¢ 7 8 9 o 1 2
4 5§ 6 7 8 9 0 1 2 3 4 5
4 5 6 7 & 9 o 1 2 3 4 5
A 5 6 7 8 9 0 1 2 3 4 5 6
4
/
Henatypauus 5 6 7 8 9 0o 1 2 ¥ 4 5 €
\,
A

A

1 2 3 4 5 &

Crnenyrommmii 3KCIEpAMEHT NOATBEPXKJAET 3TO NMOPA3MTEILHOE 3AKIIOYE-
une. IIpenapar JHK dara T2 peHatypupoBa/ld HAarpeBaHUEM, IJsi TOro
4TOOBI pa3femnTh KOMIITIEMEHTAPHEIE ey Kaxaod Monekyiasl. CMmeck onu-
HOYHEIX UENel BRIIEPXKUBANA 3aTeM B YCIOBHSAX, IOIYCKAIOUIMX BOCCTAHOB-
JICHAE BOIOPOIHBIX CBsA3eH MEXIy KOMIUIEMEHTAPHBIMH MOCIENOBATE/ILHO-
CTAMH OCHOBaHMH. BoOJBIIMHCTBO OAMHOYHBIX lLleneil B cMeCH OKa3aioch
CNOCOOHO BOCCTAHOBUTH [BYXUENOYEYHYIO CTPYKTYpPY C IapTHEPOM, HCXOJHO
NpHHAIJICKABIIMM Apyrofi HatuBHoW Modsexyne JHK (puc. 7.17). IIpu smexk-
TPOHHO-MHKPDOCKONIMYECKOM aHaJIM3e Takoi cMecH oOHapyXHMBaeTCs MHOIO
KOJIBLUEBBIX [BYXIENOYeYHbIX Moyekyn (puc. 7.18). OOpasoBanne ABYyXueno-
YEYHBIX CTPYKTYP BO3MOXKHO JIAIIb B TOM CITy4ae, €CITY MCXOAHBIY IIpernapar
AHK conpepxut Takyw HNONYJAHHIO MOJIEKYJ, B KOTOPOH NOCIEAOBATEIb-
HOCTh I'¢HOB B NIOOOH MONEKyjie MOXKHO TOJYYHTh NOCPEACTBOM HHUKIIHYe-
CKOMH TmepecTAHOBKH (IepMYyTalluy) reHoB B mobol apyroi mosekyie. Mmen-
HO [HUKJTHYECKUE NEPECTAHOBKH H KOHIEBAS H3OBITOTHOCTH HHAHBHAYAIbHBIX
monekyn JHK daros T2 u T4 ofycnoBauBaroT KONBLUEBYIO CTPYKTYPY HX
TeHEeTHYECKOH KapThl, OTpaxas OTHOLIEHHS CUEIVIEHHS MeXay FeHaMH B IIo-
MyJSIHH MHAABHIYATBHEIX MOJIEKYIL
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Puc. 7.18. DnexkrpoHHas
MHKpodoTOrpadus
KOJIBL[EBOTO JIyILJIeKca
tdara T2, obpa3opasle-
rocs Tak, Kak 3TO cXe-
MAaTHYECKH H300pakeHo
ga puc. 7.17. Crpenka-
MH TOKa3asbl OQHOLENO-
YeuHple «neTym», obpa-
30BaHHBIE KOHLEBBIMU
nosropamu. [Mac
Hattie L. A. et al. (1967).
J. Mol. Biol, 23, 355.]

Crenmanpnslit cnocod permukanyu JHK o ynakoBku 1oYepHuX MOJEKYI
JAHK B ronoska daros T2 u T4 obecniednBaeT BO3MOXHOCTh NOIYYEHUS OT
CAMHUYHBIX (ArOBBIX YACTHI[ ITOTOMCTBA C LMKIMYECKOW IEepeCTAHOBKOH
1 KOHIeBOil n30bIToYHOCTRI0. Ha paHHuX cTagmsix uHbeKudn ngHeidHas po-
aatenpckas mosekyna JHK nperepreBaeT HeCKONBKO NOCIEAOBATE/IBHBIX
penukandii, obpasys Takde Xe JMHEHHbIC TOYEPHIE MOJIEKYJIBI, COAEpKa-
1IMe Bech FeHOM (hara ILIFOC KOHIEBYHO H3OBITOYHOCTE. 3aTEM B pe3yiibTaTe
peKOMOMHAIMH MeXay H3OBITOYHBIMEH KOHIAMHM JOYEPHHX MOJIEKYT 0oOpa-
3YIOTCSL KOHKaTeMephl (TAHAEMHO HMOBTOPSIOUIMECS TOCTIEAOBATSILHOCTH Te-
HOMOB ¢ara (puc. 7.19), XOTOpBIE 3aTEM PEIUIMUHUPYIOTCE H pekoMOHHH-
pytoT, obpa3ys eme Oosee mIMHHBIE KOHKaTeMepbl. Ha 3akmrounTenbHOM
cramqun wHdexuun Monexynsl JHK HauynHAIOT yIakoBHIBATECS B TOJIOBKY
(xkancuasn) aros (Bcnomunre puc. 7.2). Pasmep monexynel JHK, nomemae-
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A

o
(3]

3456789012
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3456789012

3456789012

123456789012

|

3456789012

123456789012

3456789012

7110684967

b

©
789012

a7/

,

1. Uadexuun
HHHUMHDYETCA
OIIHOH XPOMOCOMOM

2. Pernnuxauus

3. PexomMGuHauma

4. Hocnenyloman
PennMKAnKA U
pexoMOuHauua
CO3Jal0T KOHKaTe -
mepst JHK dara T4

5. Ynakoska [JHK

B KallCHOb! IO MOJHO-
ro ux 3aloJIHEHUA
TpMBOAMT K 06pado-
B4HHIO XPOMOCOM

¢ KOHIEeBOH H3GhITOY-
HOCTBIO H LMKJIAYEC-
KHMH [epecTaHoOB~
KaMH TIOCNIeJoBa —
TeJbHOCTER

Puc. 7.19. A. Konkaremeprt JHK cdara T4. Tlpu ynakoske B roosku dara H3 HAX
tdopmupyrotcs Monexyanl JJHK ¢ KOHIEBHIME NOBTOpamMM M OUKJIMYECKMMH Mepe-
CTaHOBKaMH.

MOH B Kancuj Kaxjaoro ¢ara, olpefiensieTcs pPasMepoM CaMOTO KamlChaa.
Kancug Bmewraer 4yts Gonesme JHK, 4em ee conepxurcs B remome ¢ara
T4, xak pa3 HACTONBKO, YTOOBI OCTANOCH MECTO 7S W3OLITOYHBIX Y4aCTKOB
Ha KOHUAX reHomMa. Takol Mexanmsm ynakoekd JJTHK nocpeacrBom oTpesa-
HHS OT AJHMHHOIO KOHKaTeMepa KYCKOB, IO [IJIHHE HECKOJNbKO IIPEBBIIAIO-
1IMX IPOTSOKEHHOCTh FeHoMa (ara, MpUBOIUT K IHKINYECKOH IepecTaHOBKE
(mepMyTaluu) TMOCneaoBaTENbHOCTH T€HOB B OTHENBHBIX JOYepHHMX darax,



220

Opeanusayusa u nepedaua 2eHemMuuecko20 mamepuaiad

b 123456789012 1. Uudexunua
HMHHLMHAPYETCA NBYMA
567890123456 XPOMOCOMaMH,

HeCYLLMMH pasHbie
asnIenu B yYacTk e

123456789012

2. Pemnvkaimsa
¥ peKoMOHHauus

567890123456

1234567890123456

3. Tlocnemylomasn
peIUTHKALMA ¥ pe -~
xoMOuHaLMA

4. “Hapesanue” JTHK
Ha $parMeHThl, yKia -
ObIBAIOILHECA B Kall-
CHOAX, IPHBOONT K 06=
Pa30BaHUIO reTepo-
3UrOTHBIX MOJIEKY
JIHK ¢ xoHueBoun
H36BITOYHOCTHIO

123456789012

Puc. 7.19. b. PexoMOunanms Mexay T€HOMaMHU C Pa3/IMMHBIMH aJUICJIsAMH, HalpH-
MED B YYaCTKe 2 MOXET IpHBEeCTH K BO3HHKHOBEHHIO Te€TePO3HTOTHOTO NOTOMCTBA
¢ KOHNEBOH H30BITOYHOCTBIO.

KaK 3TO cXemaTHyeckd rmoxasano Ha puc. 7.19. Tor xe camplit MEXaHA3M WH-
KancyIMpoBaHHsi TeHOMOB dara T4 MpHBOIUT K BO3HHKHOBEHUIO TETEPO3H-
roT ¢ HM30BITOYHBIMH KOHIAMH B [BYKPAaTHO HHGUIUPOBAHHBIX KJIETKax
(puc. 7.19). Takoit TN opraHu3alyi I'CHOMA BCTPEYaeTCs HE TONBKO y Oax-
Tepuodaros. OH oOHapyXeH TakXe, HAIPUMED, ¥ TaK Ha3bIBAEMOIO «BHpYyca
3 Asarymkm» — BUpyca, CIOCOOHOTO HHAHUIIMPOBATh KJIETKH MHOTHX BHIOB NO-
3BOHOYHBIX, B TOM 4YHCIle W YenoBeka, NpU Temmepatype Hmxke 32°C.
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Puc. 7.20. T'eneTrueckast kapra OakTepuodara CTpenky BHYTPHM KOJIbLIA YKA3bIBAIOT €IMHHLIBI
T4, sa xKOTOpOW BHAHO, YTO TEHBI, YYaCTBYIO- tpanckpunuun. [ Wood W.B., Revel H.R. (1976).
uie B cOOpKe TOJIOBKM, XBOCTOBOTO OTPOCTKA Bact. Rev., 40, 847.]

u reHsl cuHTe3a JJHK crpynnmpoBaHbl BMecTe.

Ha renernveckoii xapre ¢ara T4 (puc. 7.20) BUOHO, YTO BMECTE CIPYIIIM-
pOBaHbI TeHbl, OTBETCTBEHHbIE 33 POJCTBeHHbIE QU3HMONOTHMYECKHE (YHKITUH.
Takas )xe Oprandsands reHOMa yxe BCTpedanach HaMm y ¢dara A. 31T0T THI
OpraHM3auid (YHKUUOHUPOBAHHS T'e€HOMA WIPAaeT BAXHYIO POJb B €€ pery-
gsmam (1. 15).
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KiroueBrie cioBa W HOHATHUS

Benok-penpeccop

T'eneTnyeckas xaprta

Tetepoaymnexc

JByxdakTopHOE CKpELIYBaHHE

Unayknust mpodara

Konkatemep

KonneBass H30BITOYHOCTh HOCIEAOBATEND-
nocty JHK

JIu3zorennzanus

Jlunkue KoHIB!

Jlutnueckuit nyThH

Mopgorenes dara T4

Myrtauuu amber, ochre, opal

Mytaunu clear dara A

HecenexTuBHbl Mapkep

Huskas orpunarenpHas uHTepdepeHUs

OOMHOYHBIM HUK Pa3BATHS (ara

ITpodgar

CeleKTHBHBIA MapKep

CyInpeccopuyBCTBHTEIBHBIE MVTAIHH

TeMIepaTypoYyBCTBUTEIIBHEIE MyTaluy

TpexhakTOpHOE CKpeIMBAHHE

®u3nyeckas xKaprta

Luxindeckasi HepecTaHOBKA (nepMyTanus)
nocnenoBatensHoctd JTHK

3agaun

\a
"G.l/.jB TaOnuIEe IpeacTaB/ICHbl Pe3yIbTAThi

MIIIEMEHTAIMOHHOIO TeCTa MEXIy pas-
JIMYHBIMH ~ TEMITEpaTypPOYYBCTBUTEILHBIMHU
daroBpIMH  MYTAHTaMH; «--» O3HAYAeT
[PUCYTCTBHE HEraTHBHBIX KOJOHHH NPH He-
epMHUCCHBHOH Temrepartype. Pacnpenenute
MyTanud 0O TIpynnaM KOMIUIEMEHTAaIMH.

tsl ts2 ts3 ts4 tsS ts6

tsl

ts2 - —

ts3 + + -

ts4 + + + -

ts5 + o+ =+ =

ts6 + + + + - -

.

re

/ /7.2,1\OnpenennTe YCIOBHSA JKCIIePHMEHTA
IpH TOCTAHOBKE TECTA HA KOMIJIEMCHTA-
U0 MEXIY CASAYIOUMMY IapaMA YCIOBHO
JIeTaNbHBIX MyTanuid dara:
a) amber, amber;
6) amber, ochre;
B) TEIUIOYYBCTBHUTE/bHAS,
TeJbHAS
r) XOJOAOYyBCTBHTEIIbHAS, XOJI0J0YyBCTBH-
TeJIbHAS ;
) amber W TEIJIOYYBCTBUTEIbHAS;
€) TeIIOYYBCTBUTE/bHAS, XOJOIOYyBCTBH-
TE

i 7.3. /TlepeyuciuTe NEPMUCCUBHbBIC U He-
NEPMICCHBHBIE YCIOBHUS I KAXIOH U3 MY-
Tanuii U CeJICKTHBHBIC MApKephl PH ITOCTa-
HOBKe TPeX()aKTOPHBIX CKPEIUBAHUIA B CJIe-
AYIOUMX KOMOHHAIUSX MYTAaHTOB:

TEeNIOYYBCTBH-
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a) amber, amber, TeMIEpPaTypPOUYBCTBATEIb-
Has;

6) opal, TeMNepaTypouyBCTBUTEIbHASA, TEM-
MEPATyPOUYYBCTBUTEILHAS ;

B) ochre, ochre, amber;

r) Mopdosioruss HETATHBHBIX  KOJIOHMH,
amber, TEMIIEPaTypO4yBCTBUTEILHAS,

n) ochre, opal, mMoptoJIOTHs HEraTHMBHBIX
KOJIOHUH

¢) cnenddUYHOCTL K XO35MHY, cHenupud-
HOCThb K XO3fMHY, pa3Mep HEraTHUBHHIX KO-
JIo,

poBeneHBl ABYX(aKTOpHBIE CKpe-
1] 8 MEXAY 4YeTBIPbMS TEMIEpaTypo-
YYBCTBHUTEJIBHBIMU  MyTaHTamu. Lludper
B TabJyMie O3HA4YaloT OO0 PEKOMOMHAH-
TOB JUKOTO THIA B MOTOMCTBE MpPH KYIbTH-
pupoBanuu npu 40°C. Onpenenure Iocie-

JOBAaTCJIbHOCTE TI'€HOB HA reHeTHYCCKOM
KaprTe.
AS A7 A43 A96
AS -
A7 162, -
A43 209, Zo -
A96 6% 103 14% -

GN

/ 7.5. FlpoBenenn! cKpelMBaHHUs TeMIEpa-
TYPOUYBCTBUTEIBHEIX MYTAHTOB MEJKOTO
¢ara c kosbueBsiM reHoMoM. [Ipoananmsu-
pyiiTe TabiHNy U MOCTPOHTE KapTy XpOMO-
coMBI (ara.

Mo pekOMOUHAHTOB

Crpenmsanie aukoro tana npu 40°C, ¢
24 x 26 5
24 x 29 7
29 x 210 3
27 x 24 15
26 x 29 12
210 x 27 5
26 x 27 10
P

'7.6. Ha myTanTax Mejikoro dara GbLH
IOCTaBJICHB] /1Ba YKA3AHHLIX HUKE Tpex(ak-
TOPHBIX ckpeumBaHus. CyuTaiiTe, 4TO Ce-
JMeKTHBHBIE MapKephl BCETa TECHEE CIE-
IUIEHBl IO CPABHEHHIO C HECENICKTHBHBIMIL
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ITocTpoliTe kKapTy IOC/IEHOBATEILHOCTA MYy~
TAHTHBIX T€HOB.

Hecenek- Haunbonee pac-
Cxpemnnanne THBHBIC IIpOCTPaHECH-
MapKepbl HBIH TEeHOTHN
amAtsl x amB ts Juxuit THI
amAts2 x amB ts TemmnepaTty-
pOYyBCTBH-

TeJbHBIH

g(g/ Boiyit  TOCTaBIIEHBI  CIIEAYXOIIHE
D! EﬁcTopHme ckpenmBanus. IIpuauMas
IIPEANOJIOKEHIE, KOTOPOE OBLJIO CHAEIaHO
B YCJIOBHM 3anavyd 7.6, OoIpemeauTe NOoCie-

JOBATEIBHOCTh T'E€HOB HAa T'EHETHYECKOH
KaprTe.
CkpeuiuBanue Hecenexri prstit 1%112?3232}{[}){1;
Mapkep TEHOTHII
am A x amc ts Huxuit Tan
ts 4 am
ts 2xam C Juxnit Tun
ts 4
ts 2 xam B am amber
ts 4
ts I xam B am Juxnit THI
ts 3
e

a MyTaHTax MeJlkoro tara ObLIH
€Hbl Clenyolmue TpexhakTopHEE
ckpeumBaurs. [IpuuuMas npennosIokeHus,
cnelaHHbIE B YCJIOBHSAX ABYX IIPEABLAYIINX
3a1a4, NOCTPOiTe KapTy MOC/ICHOBATEIBHO-
CTH TCHOB.

Cxpeumpanue Hecenextue- xg?cggﬁznﬁ;
HBIH Mapxep reHOTHII

am A ts 1 x ts ts

x am B

ts 1 am B x am am

xts 2

ts 1 am A x am am

X ts 2

am B ts 2 x ts ts

x am A
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7.9. Jns wu3ydeHHsT KOMIJIEeMEH TallHi
MEX1Y pa3IudHbBIMH MYTanuaMd y ¢daros
49aCcTO ONPENeIsEoT PAasHHNY B HX ypoxae
B TNICPMHUCCHBHBIX H HEMEPMHCCHBHBIX KJICT-
Kax npd cMelanaod unbeknuu. Ipoananu-
3UpydTe TAOAHIY H pacTIpene/InTe MyTagHuH
M0 KOMILTEMEHTAIHOHHBIM TDYINaM.

sus 11 sus 13 sus 2 sus 4 sus 14
sus 11 0,002 044 0,51 0,30 0,010
sus 13 0,003 0,015 0,60 0,40
sus 2 0,005 0,58 0,38
sus 2 0,003 042
sus 4 0,006
sus 14

{\7.10\55_ $105-3T0 yMepeHHbIt ¢ar; ero
xosauHdM  sBisietcss  Oaktepust  Bacillus
subtilis. daroBble YaCTHIBI [HKOrO THIA
00pa3yroT MyTHBIC HETATHBHBIC KOJIOHHH
npun Temneparype kak 30, tak u 40°C.
B 1Byx(¢aKkTOpHBIX CKpEIMBAHUAX OBLIO
KapTHPOBAHO HECKOJIBKO TEMIEPATYPOUyB-
CTBHTENBHBIX MyTanuil. YKazaHHBIE B Ta-
6nmme nugpul COoTBETCTBYIOT noje (%) pe-
KOMOHMHAHTOB [JHKOTO THINA B COOTBET-
CTBYIOIMX CKpPCHIMBAHHAX, MPOBCICHHBIX
npu Ttemmnepatype 40°C. Iloctpoiite mo
3THM JAHHBIM T'CHCTHYECKYIO KapTy.

N10 N15 N22 N29 N30 N31 N34

N9 39 134 52 104 — 132 —
N10 169 66 125 39 53 17
N15 51 22 123 161 158
N22 26 112 137 104
N29 138 —
N30 1,5 40
N31 4.1

s

MyTaHT ccl oOpa3yeT npu OO0EHX TEM-
mepaTypax NMpo3payHble HETATHBHBIE KOJIO-
HUH, a MYTaHT ¢4 nacT MyTHBIC HETaTHBHHIC
koyionun mnpu 30°C M Ipo3pauHble IpH
40°C. Ilo npencTaBICHHBIM HHXE JAHHBIM
NOCTPOUTE reHeTHUeCKYIo KapTy ¢dara ¢105,
BKJIEFOYAOIIYIO YKE MOCTPOCHHYIO €€ 4aCTh.

u nepeaaua 2eHemu4ecKo20 mamepuaia

[Ipo3paunble OJIANIKK

Cpenreanis MyTHble OnslIKH
+ + x N15, ccl 149/1304
+ + x N22, ccl 213/1441
+ + x N10, ccl 251/1459
+ + x N31, ccl 104/1548
ccl X c4 2339/8
c4 x N15 980/123
c4 x N22 846/159
c4 x N9 1010/151
¢4 x N31 1248/68

IMo Rutberg L (1969). J. Virol, 3, 38.

A
@ ITpoBonHIM TIPHBENCHHBIC HHXE
Tpex($akTOpHBIE CKPELIMBAHMSA M KaXIbIA
pa3 oTMeyanad NpeoOiagarolMid I€HOTHII
M0 HECeNeKTHBHOMY Mapkepy. Bo Bcex
CKPEIMBAHUAX CEJICKTHBHBIC MAapKepnl Obl-
S TECHEE CHEIUICHBI APYT C OPYTOM, 4YeM
KaXxIbli M3 HUX C HECCJICKTHBHBIM (CIic-
IUICHHOCTh NIPEABAPUTEIIEHO  ONPEe/Isiy
B ABYX(aKTOpHBIX CKpemmBauHaX). Onpene-
JIATE MOCNEAOBATEIHHOCTh MYTAHTHBIX Ie-
HOB Ha TEHCTHYCCKOH KapTe.

Cxpeupanae Hpeorgﬁzﬁzlﬁ LM
am A ts 1 xts 5 am
am A ts 5 xts 1 wt
am C ts 3 xts 9 am
am Cts 9xts 3 wt
am E ts 9 x ts 3 am
am E ts 3 xts 9 wt
am N ts I xts 5 wt
am N ts 5 x ts 1 am
am Cts 1 xam A ts
am Cxam A ts 1 wt
am E ts 1 xam N ts
am N ts 1 xam E wt
am C ts 9 xam 1 wt
am A ts 9 xam C ts

7.12. Knetku E. coli, nu3oreHnbie mo
¢dary A, ycrofuMBBl K HEMy M HE MOTYT
OBITH MHGUIHPOBAHBI 3TUM Xe darom A. Op-
HAaKO0 BO3MOXHO OXHOBPEMEcHHOE HHHIIH-
POBaHME YyBCTBUTEIBHBIX KJIIETOK IBYMs (a-
raMe A C pasjMYHBIMH TCHOTHIAMH; MOJY-
4agMble INpM 93TOM KJETKH Ha3BIBAIOTCA



7. I'enom supyca

JIBOHHBIMH JIM30T€HAMH H COAEPXk AT B IeHO-
tune oba npodara. JsoitHas uadeknus da-
ramMi A # Acl npuBoauT K 00GpazoBaHHIO
JN30TEHOB, cofepkanmX 06a npodara, Tor-
na kak dar Acl cam no cebe HEKorga He M-
30TCHU3UPYET KJIETKY MaXe B IIPUCYTCTBMH
«xennepa» AcIt Bo Bpems HHpekiun, Onu-
LMTE CXCMATHYECKH BO3MOXHYIO IOCJIETO-
BaTEILHOCTh COOBITHH, MPUBOANIYIO K Ta-
Kol nBo#HON sm3orennd. UYTo BBl MoxeTe
CKa3aTh OTHOCHTEILHO NPOAYKTA reHa cl™?
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7.13. IlepBble reHeTHYECKME HCCIENOBa-
HHSA dara A OTHOCHJIHCH K MyTalMsM, H3Me-
HAIOMIMM Da3sMep MM MOPPOJIOTHIO Hera-
THBHBIX KOJIOHHH. BoT HekoTopble M3 3THX
MyTaudi: s (small, Menxue Onsuku),
¢ (clear, npo3pavnbie GIAIIKN, 2 HE MYTHBIE,
BIIOCJIEACTBHH 00O3Ha4Y€HHbIE CHMBOJIOM
cl), co, m co, (cocarde) npo3paunbie; B Ha-
CTOsAIIEe BPeMs 1JIs HAX NMPUHSTH 0003HAa-
geHus clIl u cIl COOTBETCTBEHHO), mi
(minute, ovenb MenkHe OJAIIKYM, MEHBIIME,
4eM y MyTaHTa s). B TabiMue npuBencHBI
JAaHHBIE TO HEKOTOPBIM TpexdakTopHBIM
CKpenMBaHuAM 3Tux MyTaHToB. [TocTpoiite
TeHETHYECKYIO KapTy ¢ YKa3aHUEM paccTosi-
HHH MEXAy COCeAHHMM ICHaMIl.

TloroMcTRO
Cxpeunpanue
+ + Sco S + + co Sco + + s+ + co
+; mi; +; mi;1 + ,1 mi; mi; + Hroro
scoymi x + + + 975 924 30 32 61 51 5 13 2091
s+ mix + coy 38 23 273 318 112 121 6389 5050 12324
++  ++
+; mi_
¢+ + X coymi 8 1 6600
o+ + X +cmi 28 13 5800
ITo Kaiser A. (1957). Virology, 3, 42.
7.14. ®aru Acll u Aclll moryt nusore- UHGHMIHPOBAHHE, a «—» YCTOHYMBOCTB

HU3HPOBaTh KIeTKH E. coli B mpHCyTCTBHU
¢aros xesnmnepoB At mm Acl. 3Has oTBeTHI
Ha JBE MPenblaylye 3a5a4d, YTO BBl MOXe-
Te ckazaTb oTHocutTenbuo cl, cIl u clII?

7.15. Bce ymepernmie darm sssMOpouns-
HOTO ceMeiicTBa 007anaioT  <«JIMIIKAMI»
KOHHaMH. bonbmmuCTBO M3 HUX CIOCOGHO
BCTPauBaTbCA B PAa3JIMYHBIE Y4AaCTKH XPO-
MOCOMBI XO03fiMHA M 00JakaroT HMMYHHBI-
MH CBOWCTBaMH, NEPEYUCIACHHBIMH HHXE
B Tabuuie, rae « +» o3HadaeT YCHEUIHOE

Mitamm E. coli

®ar
K12  Ki12(d) K12 K12 K12
(434) 82) 1)
A + - + + +
434 + + — + +
82 + + + — +
21 + + + + —

K HHbCKIHH.

Ilpu cmemanHOH HHGEKIMH HEKOTODHIE
naMOnoumHble (paru MoryT OOMEHHBATHLCH
TeHaMH fpyr ¢ Apyrom. B npunmaraemoit Ta-
6nuie yKa3pIBaeTCHA IIPHCYTCTBHEC PEKOMOH-
HAaHTOB OHUKOTO THIA C A-HMMYHHOCTBEO
B NMOTOMCTBE OT CKPCIIMBAHHS Pa3IMYHLIX
MyTaHTOB dara A ¢ ¢daramu nukoro Tuma
434, 21 u 82. Kaxoii u3 31ux daros manbo-
nee 6nu3ok dary A? UTo BB MOXETE CKa-
34Th OTHOCHTENIbHO TeHETHYECKOTO KOHTPO-

MyraHThl ¢ara A

Cxpewnpanue
mg €0, c coy mi
434 x A + + - + +
21 x A + + - - +
82 x & + - - (+) +

(+ ) HeraTuBHble KOJiOHMH Ooylee MYTHBIE, 4YEM
c0;, HO He TakHe, KaK y (paroB AMKOro THIa.

151215
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1S5 AMMYHHOCTH H JI30TCHH3AHHH, Cyas 1O
9TOH Tabmuue M 0 TpeM MNpeablayliuM
3agavyam?

7.16. B pesynnTaTe peKOMOHHAIMH Me-
*1y ¢arom A u ¢arom 434 unorga obpa-
3yeTcsi THOPHIHEIA ¢arl, B KOTOpoM XPOoMo-
coMa ¢ara A obrmasaeT UMMYHHBIMA CBOi-
ctBamu ¢ara 434, Takoit pexoMOMHAHT

0603Ha4aeTcs CUMBOJIOM Aimm*34; oH cmo-

Cco0eH K pocTy Ha XO3fiHHE C npodaroM A
B T€éHOMe, HO HE Ha XO3fHHE C mpodarom
434, Ten cy noKaNIM30BaH MEXK[y TI'CHOM
O m y4acTKOM, OIpPEACIIOIIUM UMMYHHEIE
cBoiicTBa. [l TOro 4ToOBI oNpeac/MTh Mo-
pagok mytanuii 2001 u 42 B rene cy, OplH
TMOCTaBJIeHH! ABa ckpenmBaHud. [loToMcTBO
BbiceBast Ha E. coli (Aimm*3**0am,,). Kakos
MOPANOK MyTanuii?

CkpeinmBaHus

PexombunanThi

Aimm*34cy2001 x Acy42 O am 29
Aimm*34cy 42 x hcy 2001 O am 29

cyt0*/0* = 40/1728 = 2,3%,
cy*0*/0* = 10/5300 = 0,19%

Ilo Jones M.0., Herskowitz I. (1978). Virology, 88, 199.

7.17. MyTtanus dara Acanl genaer Bo3-
MO>KHOH JTU30TCHU3ANNI0O MyTaHTaMH AclI].
Apyrumu  ciosamu, Aclllcanl oOpa3syer
MYTHBIEC HETATHBHbIC KOJOHMU. Acant Mox-
HO OTJIMYMTb OT Acanl mpH mocese Ha KJET-
ki E. coli mramma WARSB067: HeraTHBHBIE
Kollonuu Acan™ uyTh Gosice MPO3pauHEL
4eM y Acanl. Ha OCHOBAHHM IIPHBOIUMBIX
HIDKE pe3yJIbTaTOB CKPELMBAHHH OIpele-
JUTE MON0KEHUE canl OTHOCHTENLHO MyTa-
IUH ¢y, KapTHPOBAHHLIX B Ipeabiayllei 3a-
nade. [ToromcTBo BHIceBaym Ha E. coli Su™
(Limm*340am?29),

Cxpenmpanne PekoMOHAAHTH
Aimm*34can 1 x cantcytOr /Ot =
x Acy 2001 O am 29 =1/1856 =0,05%
Aimm*3*cy 2001 x cantcytOr/O =
x Acan 1 O am 29 = 18/2236 = 0,819
himm*3*can 1 x cantcytOr /O =
x Acy 42 0 am 29 12/3933 = 031%
Aimm*34cy 42 x cantcytO*T/OT =

xican 1 O am 29  =0/1221 = 0,08%

Ilo Jones M.O., Herskowitz I. (1978). Virology,
88, 199.

718 TIpepriBanue CKpeLMBAHHS MyTEM
HCKYCCTBEHHOTO JTHM3HCa KJIeTKH Ha ToH CTa-
JIHHY, KOTJa B Hel COIOEPXHTCH BCETO OKOJIO
necaTka (aroBBIX WACTHI, CIIYXKHT ONHUM
H3 CNocobOB JEMOHCTpAaNH¥ KOJBIEBO#H
CTPYKTYpPHl T€HETHYECKOH KapThl ¢ara T4.
Ecnu mu3nc IpoxoAHT HOPMAJILHO, KaXaas

KJIeTKa cogepXkut okosio 200 daros-motom-
KOB, M yXe HEBO3MOXHO HAOMOmAThH Clie-
IUTCHAE MEX/1y CPaBHUTEJBHO YaicHHBIMH
MapKepaMH, a HMEHHO 3T0 HeoOGXomuMo
JUTSL TOKa3aTeIbCTBa KOJIbIEBOH CTPYKTYpBL
Ucxons u3 comepkaierocs B TEKCTE I'JaBbI
obcyxmeHns AHHAMHKH CKpeumBanus ¢a-
ros, chopMyHpyiiTe TUOOTE3y, 00BLACHIIO-
uryro 3Ta Habmogenua. Kak nomkso Oblto
Opl BIMATH, Ha HabOMIOmaeMele 4YacTOTHI
PEeKOMOHHAIIMH TpPEepbIBAHUE HOPMAJILHOTO
JIM3ACA KJIETOK B COOTBETCTBHH C Balled I'H-
moTe30#i? JIM3HC KIETOK HE IIPOHCXOJHT,
Korna oba pomMTENbCKUX (hara MyTaHTHBI
Mo COOTBETCTBYyIOImEMY TIeHy (e). IToToMm-
cTBo (hara MoxkeT OBITH H3BJICYCHO H3 KJle-
TOK IIOCPEACTBOM HCKYCCTBEHHOIO JIH3MCA.

7.19. E. coli C city)UT HOPMAJIbHBIM XO-
3suHOM ¢ara pgukoro THma $X174.
V myrantroro mwramma E. coli C; nosepx-
HOCTb KJIETKM H3MEHEHa Tak, uto ¢ar ¢X
HE MOXeT Ha HeH a/IcopOMpoBaThCs H CO-
OTBETCTBCHHO HE MOXKET pacTH ¥ pa3MHO-
kaTbci Ha mramMme E. coli C,. JlBoHHO#H
MyTaHT ¢ara ¢X, 0003HayaeMbIi CHUMBO-
noM H,yHy, criocoben ancopOHpoBaThca Ha
IOBEPXHOCTH KyeTok ITamma E. coli C,
(paBHO Kak u Ha E. coli C), ur$punuposath
HX ¥ Tpou3BOAMTH moToMcTBo. Korma
kJaeTkH E. coli C ogHOBpEMEHHO 3apaxaroT
¢parom mmkoro Tuma # H,Hp, HekoTophle
¢aroBble 4acTHIBl B MOTOMCTBE MOTYT HH-
¢ummposats Kiretku E. coli C;, onqHako Mx
HOTOMCTBO yX€ JIHUIEHO CNOCOOHOCTH HH-
¢dunuposats Kietkd E. coli C,. O6bacuuTe.



BakTepunaabHbIN
TeHOM

IeHeTHYECKHE HCCIICHOBAHHS OpraHd3allid TeHOMa OaKTepHil HavaIuch
BCKOPpE MOCJIe TOro, Kak OvuTo moka3zaHo, yTo uMerHO JJHK ssisercs Bemre-
CTBOM HAaCJICACTBEHHOCTH Y MHEBMOKOKKOB. BakTepHH, Tak Xe Kak @ BHPYCHI,
IPEICTaBIAOT TEHETHKAM BO3MOMKHOCTH paboTaTh ¢ MOMYJISIMSMH KOJIOC-
CanbHON YHMCIICHHOCTH, 3aTpavydBas HA JKCMEPHMEHT CpPaBHUTENBbHO HEOOIIBb-
mwoe BpeMs. OMHCBIBAEMBIC B 3TOH IJ1aBe METOOBI 0TOOpa MO3BOJIAOT BBISB-
JIATh ¥ M3Y4aTh O4CHb PEAKHE I'eHeTHYecKne coObiThsa. OOBeKTOM Hambosee
OOIIMMPHBLIX W TINATEIbHBIX UCCICHOBAHUN CIIYXXHJIH U TIPOACIKAIOT CAYXKHTH
KHIIeYHbie OakTepun Escherichia coli ¥ MMEHHO Ha HHX MBI COCPENOTOYMM
BHHManue B 3To# riaee. ['eHerwueckue cBoicTBa E. coli xapakTepHsl He
TOJBKO JJIS 3TOTO BHa OaKTepuil, a METOHNOJIOTHS TeHETHYECKHX HCCIICHOBa-
Huit, paspabortannas Ha E. coli, cozmaer QyHmaMeHT W IS H3YYEHUS OPYTHUX
BHIOB.

HccnenoBanus reHETHKH GaKTEpHH BHECIH O4Y€Hb OOJILIION BKiad B Ha-
I 3HAHHS O HACICOCTBEHHOCTH. Bo-mepBHIX, OHM IIPOAEMOHCTPHUPOBAIH
CKOJIb pa3Ho0Opa3Hbl TCHETHYECKHE MPOIECCHI, KOTOPhIE MOTYT pPEalM30BEI-
BAaTbCsl B IIPUPOJC Y OTHCIBHBIX BHOOB opraHm3moB. IToszHaHmue 3TOro pas-
HOoOOpa3us y NPoKaproT MPOJIMBACT CBET HA BO3MOXHBIC MEXaHH3MBI B3aH-
MoAeHCTBASL TIeHOMa 4eJjloBeKa C TICHOMAMH BHDPYCOB H [PHBOIUT
K TMEPEOCHKE POJIH MHOTHX TCHETHYECKHX SABJICHHH, HAOMIOIABIIMXCA ¥ IyKa-
PHOTHYECKHMX OPraHU3MOB, HO HE HaX0QMBUIMX OObsicHEeHHs. Benuka ponb re-
HeTHKH OakTepHil H B U3YYCHHUH DErYJISI UM H IKCIIPECCHH aKTHBHOCTH I'€HOB.
OTa TeMa GyaeT paccCMATpUBATLCA B MOCIEHYIOIIAX I1aBaX. MexaHU3MBI Op-
TaHH3AIHH 3THX IIPOHECCOB Y CPABHHUTEIBHO MPOCTHIX MPOKAPHOTHYCCKHX
OpraHH3MOB 3aKJAaJbIBAIOT OCHOBBl JJIf MX IOHHMAaHHSA y GoJjice CIOXKHO
YCTPOEHHBIX 3YKapHOT.
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Kak otrmedanoce B ri. 7, reHeTHYeCKHH aHaiIM3 reHoMa BHpYycoB ¢op-
MaJIbHO pa3BHBAJICA aHAJOTHYHO IE€HETHYECKOMY aHAJIM3Y, HCMOJb3YEMOMY
IIPK MCCJIECIOBAHHU OPraHH3MOB, MMEIOIHX MeHo3. OIHAKO, KOormga 3TOT ke
noaxona ObLT HCNOML30BaH AJIA aHamM3a MyTanuid E. coli, BO3HHKIIO MHOXe-
CTBO 3aTpy[HCHUI, IoKa T€HETHKH HE OCO3HAIM, YTO HHKakas aHAJoTHSA Me-
K[y MOJIOBBIM IIPONECCOM Y MEHOTHYECKMX OPrdHH3MOB H y OakTepHi He-
BO3MOXHA. B HacTosiiee BpeMs CYyIIECTBYIOT MPEACTABICHHS, COTJACHO
KOTOPHIM 0aKTEepHs COAEPAKHUT MHOXKECTBO I'€HETHYCCKHX IJIEMEHTOB, Gosee
HJIH MEHEe HEe3aBHCHMBIX APYT OT APYyra H B3aHMOJCHCTBYIOIIMX MEXIY CO-
60l mMoOCpenCTBOM MeXaHHM3MOB, HE HaXoAsIIHX (OPMANBLHOR aHAOTHH
¢ mponeccoM MeHo3a. OTKphITHE KJIacCa TeHETHYSCKUX JJIEMEHTOB, Ha-
3BAHHEIX 3MHMCOMAaMH, (B 0COOEHHOCTH F-3IIHCOM) M TpaHCAYUUPYROLIHX ¢a-
rOB J1aJI0 BO3MOXXHOCTH YCIEIIHO NPHMEHHTH IIPUBITAIL IEHETHUECKOTO aHa-

JM3a K 6aKTepHSM M BeChbMa NMOLPOOHO ONHCATh OPraHU3aNnuo0 OaKTepHaIb-
HOI'o TeHoMa.

MyTtanTtsl E. coli

ITpexne 4eM oOcykaaTe I'€HETHMKY OAKTEPHH, MBI IOJDKHBI MO3HAKOMUTHCH
¢ THNAMM M3Y4a€MBIX MyTalHUHi M C HCHOJB3YEMBIMH Il HUX 0003HAYCHHSA-
mu. E. coli nukoro THma pacter B ;1a0OpPATOPHBIX YCIOBHSX Ha OYEHB NPO-
CTOH cpene, CAMHCTBEHHBIM OPTaHHYECKMM COCTABNISIOMIAM KOTOPOH CIYXKUT
HCTOYHHK yIilepona; Kak INpPaBHO 3T0 rmrokosa. [ITaMMEBl mukoro Tdma
IpOoTOTpo¢HBl (CM. raaBy 4): OHM CIOCOOHBEI CHHTE3MpPOBATHL JIIOOBIC
CIIOXKHBIE OPraHHYECKHE MOJICKYJIbl, HeOOXOmHMEBIe IS MX MeTaboiam3Ma
H pocTa. DOTH OHOCHHTETHYECKHE CIOCOOHOCTH (anaboauueckue ¢yHKyuw)
TpeOyroT paboThl (3KCHPECCHH) MHOTHX CYINECTBEHHBIX (T.€. HEOOXOIMMBIX
IJI CYNIECTBOBAHMS OakTepmi) reHoB. MHOIMEe MyTanuy, HapyIIAOIHE 3KC-
HNPECCH!0 HEOOXOOMMEBIX OHOCHHTETHYeCKHX (YHKIHHN, HA3bIBAIOTCS YCIOBHO
JIETAABHBIME (CM. TTIaBy 7), MOCKOJBKY OAKTEpHH ¢ TAaKUMH MyTanHAMH MO-
ryT CYIIECTBOBATH TOJIbKO MPH J0OaBJIIEHHH B cpeny HEOOXOAMMbLIX OpraHu-
4eCKHX MoJIeKyJl, Takde MyTaHTHI Ha3blBarOTCA aykcoTpodamu (1.e. TpeOyro-
IEMH [ONOJHHATENbHOro nHuTaHus). [lpm m3yvennn opraHm3anmm OakTe-
pHANBHBIX TE€HOB MBI OymeM pacCMaTpHBATh ayKCOTpodHpIE MyTanuu
TOJBKO B KaYeCTBE TEHETHYECKHX MapkepoBs. boxee nonpo6ro onu 6yayT o6-
cyxnatecs B riaBe 10, GeHoTHI aykcoTpodHBIX OakTepHil 0003HAYAOT Ja-
THHCKMMH OYKBaMH, YKa3bIBAIOIIAMH COCIHHEHHE, KOTOpPOE HEOOXOIHMO
n06aBATE B CPeay AIA MX HOpMajibHOTO pocta. Hampumep, Met™, Thi™ n
Pur ™ 00603Ha4aoT, COOTBETCTBEHHO, MYTAHTHbBIC IITAMMEI, HYXIAIOIIHAECK
B METHOHHHE, THAMHUHE ¥ IIypHHE; COOTBETCTBYIOIHE IpoToTpodubie deHo-
TANBI (OWKAM THN) ofo3HadaroTcs cuMBomamu Met*, Thi* u Pur™.

MyTaiuH B CaMBIX Pa3jMYHBIX T'eéHaX MOTYT NaBaTh OIOWHAKOBBIE ayKCO-
TpodHbIe (EHOTHIIB, H COOTBETCTBYIOIHE IEHOTHNBI 0003HAYAIOT TEMH XKe
OykBOCOYETaHHSMH, 4YTO ¥ (eHoTHnbl, HO KypcuBoM. Hampumep, myTanun
metA 0 metB—3To MyTauTHBIC aJUIE]H r€HOB OUKOTO THNA metA ™' wn metB ™,
MpHYeM KaXIBIH MYyTaHT Xxapaktepusyetcs ¢penotnnom Met ~. Kak MbI yBu-
MM jajiee, KaXkIbli U3 3THX IeHOB JUKOTO THNAa HEOOXO0auM s OHOCHHTE-
332 METHOHMHA.

E. coli MOXeT HCHIOJB30BATH B KAa4eCTBE HCTOYHHKA YyIiiepona MHOTHE
OpraHMYeCKHe COCIHHEHHS, 0oJiee CIIOXKHBIC YeM TJFOKO3a, MOCKOJBbKY 00a-
J1aeT COCOOGHOCTBIO MPEeBPaIaTh MOJIEKYJIbl CIIOXKHBIX CaXapoB B MOJIEK YJIbI
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TJIEOKO3bl MM [IPYTMX MPOCTBIX CaxapoB, a TaKXKe CHOCOOHOCTBIO paciie-
JISTh JPYrde THIOBL CIOXKHBIX MOJIEKYJ, HANpPHMEp, AMHHOKHCIOT WU
XHUPHBIX KHCIOT. Takoe paciueniieHne CIOXKHBIX MOJIEKYJI Ha3bIBACTCS Kamd-
6oausmom. MyTanuu, 3aTpariBaroinie katabonnueckne QYHKIUH, OrpaHHIH-
BArOT THIBI MOJIEKYJI, KOTOPBIE MOTYT CIYKHTh HCTOUYHHKAMH yIJIepona s
COOTBETCTBYromIEro Mytanta. Hanpumep, Mytant ¢ ¢eHotunom Lac ™ -He
crnocobeH k POCTY B YCJIOBHSX, KOTa €IMHCTBEHHBIM HCTOYHHKOM YIJIEPOJa
CIIyKHUT JIaKTo3a (MOJIOYHBIN Caxap), TOTha kak aukuil tan Lac* cmocoben
yTHIM3NpoBaTh JakTo3y. ®enotun Lac™ MoXeT BO3HHKATH B pe3yJIbTaTe
MyTanuit B remax lacZ* wu lacY ™, oOyCNOBIMBAOIIMX MOSBJIEHHE MYy-
TaHTHBIX T€HOTHNOB lacZ u lacY, COOTBETCTBEHHO. 3aMETHM, YTO [JI TOTO,
4TOOBI ONpEeNHTh, CIIOCOOEH JIH JaHHBIH HITAMM K POCTY Ha OINpEAe/cHHON
cpene, HanoO 3HATh, 3aTPATrMBAcT JIM COOTBETCTBYIOIIAA MYTallHs aHaGoaHYe-
ckyro nm katabommueckyro ¢yaknmro. Hanpumep, Mytant Met - nyxpaercs
JUIE HOPMAJBHOTO pOCTa B cpelie, 0OOTAIEHHOH METHOHMHOM, TOTha Kak
MyTaHT Lac ™ He MoXeT pacT Ha cpelie, coaepXaieif B KaueCTBE HCTOYHH-
Ka yriaepojaa TOJNBKO JIAKTO3y H HYXKIA€TCH B IPYTOM HCTOYHHKE YIJepona.
Oba Tuna MyTanui CIyKaT YAOOHBIMHU YCJIOBHO JIETAJILHBIMHA I'€HETHYECKH-
MH MapKepaMu.

TeMnepaTypouyBCTBUTENBHBIE MYTA[MH IIIMPOKO HCMOJBL3YIOTCS H B Te-
HeTHke Oaktepuil. HeobxonuMele A7 HOPMaJIbHOTO CYINECTBOBaBMs (Cyllle-
CTBCHHBEIE) TIeHBI, KOTOpPble HEBOBMOXHO BBISIBUTE IIOCPENCTBOM ayKCo-
TpodHBIX MyTaiu#, oOBIMHO MOTYT GBITH HICHTUQHLMPOBAHBI C MOMOIIBIO
TeMIEePaTypPOuyBCTBHTEIBHEIX MyTaygdi. IIpumMepamM#u KH3HEHHOBaXHBIX
(yHKIHA MOTYT COyXHTh QYHKIHH, CBA3aHHBIE C CHHTE30M O€NKOB MM HY-
KJICMHOBBIX KWUCIIOT M3 MOJIEKYJI-IPEAIIECTBEHHUKOB — aMUHOKHUCIIOT HJIH HY-
KJICOTHHOB (moLpoOHOE OOCyXIECHHE MYyTalud, 3aTpardBarolliMX CHHTE3
JHK, copepxurcs B riase 13).

CyIIecTBYIOT TakKe MyTanHH OaKTepwi, BBIZBIBAIOIIHE YCTOHYHBOCTH
K OIpenciacHHbIM OakTeprodaraM wind anTHOHOTHKaM. IlepBhle H3 HHX
00OBIYHO BIIMAIOT HA CIIOCOOHOCTE ¢hara NMPUKPEIIATECS K OaKTepHH-MYTaHTY,
MOCKOJIBKY Y MYTaHTa HECKOJIBKO M3MEHEHBI OEIKM MeMOpaHbl. YCToHYMBBIE
(pesHCTEHTHBIE) MYTAHTHI JISTKO OTOHPArOTCA IIPH MOCEBE KJIETOK, IIOLBEPT-
HYTBIX JEHCTBHIO KaKoro-aumbO MyTareHa, HEIIOCPEACTBEHHO Ha Cpedy, Co-
JIEPXKAIyro NaHHBIA dar unn aHTHOMOTHK: BBIpOCcIIas OGakTepHAsIbHAs KOJIO-
HHSA H €CTh MYTaHT. MyTaluM, BbI3BIBAIOIIME YCTOMYMBOCTH K oOIpele-
JICHHBIM aHTAOHOTHKAM, XOPOIIO HW3BECTHBL, INOCKOJBKY OHHM CO3[aroT
CEephE3HYIO IPOOIEMy IJI MEAHIHMHB H 34paBooxpaHecHHA. (PeHoTHI yCToH-
umBocTH k dary T1, obo3nauaetcs cumposiom TIR (deroTun uyBcTBUTENBHO-
ct k ¢ary—T15). CoOTBETCTBEHHO, YCTOMYHBOCTD H YYBCTBHTEIBHOCTB
K aHTHOHOTHKY CTpenToMuiHAy obosHadaroT kak StrR u StrS. Ien uyscTBH-
TenpHOCTH K dary T1 obo3navaercs kak ton, (fon ™ —cunonuMm T1%; ren 4ys-
CTBUTENILHOCTH K CTPENTOMHLMHY —str (str* —CHHOHMM str'),

MyTaHTHBIE IITAMMBI JIETKO NOJIYYHTh MpH N€HCTBHM Ha OaKTEpHH THKO-
ro THNA MyTareHHBIX (aKTOpOB, HAMPHMED, PEHTICHOBCKHUX WM YJbTpaduo-
JIETOBBIX JIy4eH, 1M XHMHYeCKHX MyTareHoB. O6paboTaHHYO KYJIBTYpPY BBI-
CCBAXOT Ha NEPMHCCHBHYro cpeny. Hampumep, ecnd HyXXHO NOJY4YHTH
aykcoTpod mo onpenesIcHHOH aMHHOKHCIIOTE, TO CIIEpBa IOABEPTHYTHIE ACH-
CTBUIO MyTarcHa OakTEpHH BBICEBAlOT HAa CpeRy, comepkaiyro Bce 20 amu-
HOKHCJIOT. [Tocie IoSBICHHS KOJIOHHM, X MEepeneyaTplBAtOT Ha YalllKy ¢ MH-
HHMAaJIBHON CpENoH, AJIA TOro 4ToObl ONPENE/IMThL, KAKHE H3 ITHX KOJIOHHH
aykcotpodubie (puc. 8.1). 3atem Kaxnas U3 aykCOTpPOJHBIX KOJIOHMH C mep-
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Puc. 8.1. Meron nepene-
4aTHIBAHUS KOJIOHHUH,
IpH KOTOpPOM OakTepHH
OBICTPO DEPEHOCAT
C OJHON NHTATEILHOH
cpensl Ha apyryro. Ha
PUCYHKE CXEMATHYECKH
n3obpaxeHa MmocyenoBa-
TENBHOCTH ONEPALIMH,
MO3BOJISIOMAS MIEHTH-
¢ummposaTe aykco-
TpodHBIE MYTAHTHI, CIO-
coOHbie K POCTY Ha HC-
XOMHOH ofoTrameHHOH
cpene, Ho He oOpasyro-
e KOJOHUH HAa HOBOH
(MMHUMAaNbLHOMH) cpene.
[Stent G.S., Calendar R.,
(1978) Mol. Genetics,
2nd ed., W.H. Freeman,
San Francisco.]

Opeanuzayus u nepedaud 2eHeMUYeCKO20 mamepuaia

Bonsanka

CrepuneHas
HapxoTka

{1pH>KUMAIOT K TIOBEPXHOCTH
yauikH IMeTpu
€ BBIPOCIIIMMH KONOHHUSAMH

[TepencyarsiBaleT
11a JIpyTylo YalKy

Wcuesnysuias
KOJIOHHS
~ AYKCOTpodHbIi
MYTaHT

Yalnka-penmiKa
(MHHHMAJIBHAA Cpena)

HcxopHas vauika
(monHas cpena)

MMCCHBHOH cCpeAbl «mepenedaTeiBaeTcs» Ha 20 vamek Iletpu ¢ MuHEH-
MaJbHBIM arapoM, K KOTOPOMY nodapyieHO mo onHOM aMmuHokucinore. Ilpu
3TOM BBIACHSETCA, MPUCYTCTBHE KaKOH MMEHHO aMHHOKHUCIOTHI He06X01muMo
I pocTa MyTaHTa. Jsig oT6opa TemmepaTypoOuyBCTBHUTEJIBHBIX MYTAaHTOB
06paboTaHHbBIE MyTareHOM KJIETKH BBICEBAIOT Ha YaIIKy W MHKYOHPYIOT IIpH
30°C. BeIpocime KOJOHUH NEPENeyaThBAOT ¥ YAIKY-PEILIHKY HHKYOHPYOT
npu 42°C. Kosnorun, pactyume npu nepmuccupHOi Temnepatype 30°C, HO
He crocobHBIe K pocTy npu 42°C, obpazoBaHbl ts-myTanTamu. Ilonsepras
HOJIy4YEHHBIE MYTAHTEI HOBTOPHOMY (H IIOCJICAYIOIIEMY) BO3ACHCTBHIO MyTa-
reHa M NMPOM3BOIAS COOTBETCTBYIOINMH OTOGOpP, MOXHO NMOMYYaTh IITAMMEL,
conepkalue IO HECKOJBKY MYTAalHiA.

I"'edeTuueckue 3aeMeHThl E. coli

Knetku E. coli MOryT conepXaTh HO HECKOJIBKY Pa3IMYHBIX [€HETHYCCKHX
3JIEMEHTOB, K&X/bli M3 KOTOPBIX CHOCOGEH K caMOpeIlIiKanui. XpoMocoMa
6akTepuy —9TO ANMHHAA kKombuepas Mosekyna JIHK ¢ Mo maccoit mpumep-
HO B 2,5-10° maneTom, 4To cooTeeTcTBYET 3,2 X 10° m.11. Kak yxe o6cyxkna-
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JIOCH B 1. 4, Ha OakTepUaJLHOH XpOMOCOME MMEETCS TOo4YKa (CaifT), ¢ KOTo-
poit Haumnaetrca perumkanus JHK, u oT koTopoil oHa paclnpocTpaHseTcs
B 00€ CTOpPOHBI MpH PEILUTMKANHH TeTa-THHa. ['eHeTnyeckue ¢akTopsl, yrmpa-
BJSFOIIME  pEIIMKanved  OakTepHarbHOH XpOMOCOMBI, JIOKAJIH30BaHBI
B caMoO# XpomocoMe. XpoMOCOMa BMECTE C CAiTOM HHHIHMANUMA TPEACTa-
BIISIIOT COOOH CaMOPEITHIHPYFOUIYIOCS TE€HETHICCKYIO MOJICKYJIY — peHAUKOH
110 TEPMHHOJIOTHH, KOTOPYto npeniaoxut Ppancya XKako6, Cunau Bpennep
u ®pancya Kyzun.

B knetkax E. coli MOTYT coiepXaTbCs M APYIHE PEILIMKOHBI, CIOCOOHBIC
CYIECTBOBATh OTAEILHO OT OaKkTepHalbHOH XpoMocombl. OHM HA3BIBAIOTCH
SHUCOMAMU, U NAa3mMudamu, U TPEACTABAAOT COOOH KOJBLEBHIE MOJIEKYJIBI
JHK pasznuunbix pasmepo oT 10° H.IL 10 TOYTH TpeTH BEIMYMHBI CAMOit
GakTepuanbHOH XxpoMocombl. OnHa U3 Hanbojee MHTEPECHBIX ¥ TINATEIBLHO
H3YYCHHBIX 3MHCOM IIOJYYIIa HauMeHoBanHe F-dakTopa (dakTopa depriin-
rocTH). F-dpakTop onpenenser noioBoi nponecc y E. coli. dmucoma—aTo re-
HETHYCCKHH JIEMEHT, KOTOPHIH MOXeT CYIIECTBOBAThL b0 B ¢opme perim-
KOHa OTASIbHO OT OakTepHasbHOH XpOMOCOMBI, MO0 BCTPaMBATHCH
B 0akTepHaJIHbHYIO XPpOMOCOMY M COCTABJIATH NMpPH 3TOM YacTh DPEILTMKOHA
OGakTeprH. DnUcOMOM fBJISETCH M OaKkTepHodar A, COCOOHBIH CYIIECTBOBATH
KaK BHe KJIETKH B dopMme ¢ara, Tak ¥ BHYTPH OaKTEPUATBHBIX KIETOK, TH6O
B KaveCTBE OTAC/IILHOTO pEILUTMKOHA (NPH JIMTHYECKOM wuHpekuuu), nubo
B ¢opme mpodara, cocrasnsiz 4acTh 6akTepHaipHOrO pelltnkoHa. B mpotw-
BOIIOJIOKHOCTH JMHMCOMAM, ILJIa3MHUIbI HE BCTPAMBAIOTCS B JPYIHE PEILIH-
KOHBI, a BCEr/a CYIIECTBYOT B (opMe CBOGOMHBIX (ABTOHOMHBIX) PEILTHKO-
HOB. YMepeHHBIH ¢ar Pl, Haxonsce B cocTosHuM Ipodara, IpencTaBiIseT
co60if IIa3sMHUay, CYIECTBYIOMIYIO OTIEIBHO OT OaKTEepHATLHOIO PEILIHKO-
una. OpHako, OONBIIMHECTBO IIJIA3MHA HE IOKAAAIOT IPEAC/IOB KJICTKH M HE
06pa3yroT BHEKJIETOYHBIX (opM.

HekoTtopbie 31MCOMBI MHGEKIMOHHBI, TOCKOJILKY HX KOIIMM MOTYT Iepe-
XOIUTh U3 ONHOH OakTepranbHOHM KJIETKH B APYTYIO, B KOTOpOH HCXOJHO
3MUCOM AAHHOTO THMNA He ObLIo. I'eHeTHweckne QYHKUMH, HEOOXoauMEBle IS
peIUIHKanry, HHPEKIHOHHOCTH H CIIOCOGHOCTH BBITECHATH JIPYTHE JMHCOMBI,
konupyroTes snrcomanbioii JHK. Bo MHOrHX smHCOMax comepkatcs Takxke
TeHbl, HEe HEOOXOMUMBIE IS UX CylecTBoBaHus. Hampumep, HekoTOphIe HMH-
(beKuMOHHBIC UCOMBI COLCPKAT I'CHBI YCTOWYMBOCTH K OIPEIC/ICHHBIM aH-
THOMOTHKaM. BakTepuH, B KOTOpBIE MONAAET TAKOH Pakmop ycmoiiuugocmu,
CTAaHOBATCA YCTOHYMBBIMH K JaHHOMY aHTHOHOTHKY. MMest BbICOKyro Cellek-
THBHYIO IEHHOCTb B COBPEMEHHBIX YCJIOBHAX HACBHIILCHUS AHTHOMOTHKAMH,
(hakTOphl YCTOHYMBOCTH OBICTPO PpACHpPOCTPAHSAIOTCS CPEOM Ppa3INYHBIX
ITAMMOB ¥ BHAOB OakTepHii, B TOM 4YHCJIE MATOTEHHBIX. JTO CO3HAeT CEPb-
€3Hble Mpobaemsl M1t MeauuuHbL OcobeHHo onacHa cnocobHOCTL GakTOpoB
YCTOMYMBOCTH HaKalUTMBATh TeHBI, 0OyCIOBIMBarOIKE YCTOHYMBOCTHL K pas-
HBIM aHTHOHOTHKAM, H MepeqaBaTh paHee YyBCTBUTEJILHBIM OakTepHsiM MHO-
KECTBEHHYIO YCTOMYMBOCTS.

F-bakTop: reHeTUYEeCKUU DJIEMEHT,
OIpeIe/IIOILINN I10J1 OaKTEPpUN

F-dakTop obnanaer nopasuTesibHON CIOCOGHOCTBIO OIPEAEIATHL TOJ, Kasa-
Jock 6bl, Gecrosplx 6akTepuil. Ero cyiecTBoBanue ObLTO 0GHApYXEHO reHe-
THKaMH, KOI7ia OHH IIBITAIMCh OIIPEIC/IHTH, IIPOUCXOAAT JH CKPELIMBAHUS
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Puc. 8.2. Ucnonw3osa- S =
HHUE MHOXECTBEHHO ayK- |
COTPO(HBIX LITAMMOB !
AN ICMOHCTPALUK Thr™; gyxpaeTc B TpeOHHHE ' Met™: Hyx1aeTcA B MeTHOHMHE
%ermHBaH“ﬂ y E. coli. Le\é':ﬂymaercﬂ B Neiluue Bio™ : HyX1aeTcs B GHOTHHE
:zon.gl?elglﬂﬁa“"“ T1° :yyBcTBaTeneH k dary T T1R: yerofume x gary T1
met =, b0, hr - H Lac™: HecriocobeH K pocTy .
: L CIn
leu™ —CenekTHBHBIE Map- A MAKTO3 2 Lac” : cnocoben pactu Ha
Cmeumna- naKTo3e
Kephl, a ton u lac-Hece- i
JIEKTHBHBIE MAPKEPHI. " MUHHMaTBHas
Watson J.D. (1976). HHUMATIbHAA
[ 0 (1976) cpema cpena

Molecular Biology of
the Gene, 3rd ed., W.
A. Benjamin, Menlo
Park, Calif.] [Umeercs
nepeBoa: Yomcown Hoxc.
1978. MonekynspHas
Ouonorus rema. M.,
Mup.]

Pogutens A

Pouurenb b

Kononuii HeT Konounit vet

MunuManeHas cpena
(rntoxo3a + HeopraHu -
YECKHE CcONHA)

Ouenb HeGonbilIoe yucno knetox Met® Bio® Thr* Leu®. Onu Bo3-
HWUKAWT B Pe3yNbTaTe reHeTHYeCKOH peKOMOHHALMHE, HA YTO YKa-
3bIBACT MOBE/ICHHE MAapKepOB /ac 1 fon (reH, OTBETCTBEHHbIA 3a
MyBCTBMTENbHOCTS K ary T1) . Kpome pomurenbckux FeHOTHIIOB
lac™ tonS u lac* tonR B KyJbType OGHApYXHBAIOTCH KONOHHH

R S

¢ reHoTunamu lac” ron™ u lac* ton

MexXay pasMuHeIME JMHUSME E. coli. JIns 3TOoro HCCAenoBadd BO3MOXK-
HOCTh TCHCTHYECCKOH pPEKOMOMHANMM MEXAY pa3IHyHBEIMH MyTaHTHBIMH
mITaMMaMi. MHOECTBEHHBIE ayKCOTpOo(bi GaKTepHii, NoydeHHBIC TOCPE-
CTBOM HECKOJIBKHX I10CJICIOBATEIBHBIX 3TANOB MYTAreHe3a W CEJICKIHH, CMe-
IIABAJA ¥ CMECh BBICEBANIM HA MHHUMAIBHYIO cpeny. IlosBineHne KojioHMH
JIOJKHO OBLIO CBHMIETEIBLCTBOBATH O BO3HMKHOBEHHH PEKOMOMHAHTOB AMKO-
ro THHa, Kak 3To m300paxkeHo Ha puc. 8.2.

Vcnonb3oBanne MHOXECTBEHHHEIX ayKCOTpodoB rapaHTHUpPYeT, YTO KOJIO-
HHUM AMKOIO THIA, CIIOCOOHBIE K POCTY Ha MHHHMAaJBHOH Cpele, BO3HMKAIOT
HMEHHO B Pe3y/IbTaTe peKOMOHMHANUH, a HE BCJICACTBHE OOpATHBIX MyTanuil,
Ecnu mitamM, aykcoTpodHEIif 0 0gHONH aMHHOKHUCJIOTE, peBEPTHPYET K AH-
KOMy THITYy ¢ 4acTOTOH 1- 10°, To nmospieHHE KOJOHMA JAMKOTO TUIA HA MH-
HUMAJILHOH cpefie MOXHO PacHEHHTh M KaK Pe3ysIbTaT PeBEPCHH, M Kak pe-
3ysabTaT pekomOuHanuu. Ecim ke MyTaHT aykcoTpodeH Mo AByM aMHHOKHC-
JI0TaM, TO YaCTOTA PEBEPCHH K JHKOMY THIY JOKHA COCTaBasaTh 106.10° =
=10'%2, Opnako, TpH HCIONB30BAHMM TAKHX ABOMHEIX aykcoTpodos
B 9KCIICPHMEHTE KOJIOHHH IWKOTO THIIA HA MHHUMAJILHOH cpene 0Opa3oBbi-
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Puc. 8.3. Dnextponnas muxkpodoTorpa-
¢us xnerox F* E. coli (cupasa) u F~
(cnewa). F-numm MOXHO OTIHYHTH OT
OIWIeH Jpyroro THIA, MOCKOJBKY K HUM
IPHUKPEIIeHb! YacTHUsl Gara, coemnu-

H3BecTHO HECKOIBKO TaKHMX OakTepHuo-
($aros, HACJEACTBEHHbIM BEIIECTBOM

y Hux Beex cayxutr PHK. PHK ¢ara

BBOJIUTCS B KJeTKy yepe3 nunu (Prof.

Charles C. Brinton, Jr. Judith Carnahan,

¢udsoro B OoTHOWeHMH F *-mTammoB.

University of Pittsburg).

BAJMCH C 4acCTOTOMH npumepHo 1-10°, T.e. MHOrO 4amie, Y€M 3TOrG MOXHO
ObI0 Ob! OKHMIaTh, OCHOBHIBASICH HA INMPEIIOJIOXEHHH 00 OOpaTHBIX MyTa-
mUAx. DTH 3KCIEPUMEHTH OOHApYXHIH cymiecTBoBanme y E. coli nByx mo-
JIOBBIX TUIIOB, 0003Ha4YeHHbIX ciMBosiamMu F* u F ™. 3atem Obuio ycraHo-
BieHO, 4To KyeTku tina F * comepxat F-daktop, wian smucoMy, Torna xak
B KieTkax F ™~ -Tuna 3Ta 3mmcoMa OTCYTCTBYET.

Hanbueiine uccienoBaHAs OakTepwil OBYX THIOB HPHBEIM K NOpa3H-
TEJIBHOMY M COBEDIICHHO HEOXHMIAHHOMY OTKPBITHIO: 0Ka3alocCh, 4To F-
¢daxtop undeknmoneH. Korna o6nanaBume F-¢pakTopoMm M 4yBCTBHTEIBHBIE
K cTpenTomunuHy kieTkH (StrS, F¥) cMemmBamu co CTpelTOMHINHYCTOM-
yuBEpIMA GakTepuaMu (Strk, F 7), B 3Ty cMech BBICEBaJIM Ha arap, coepxka-
IUHA CTPENTOMHNMH, TO KOJOHHH 0O0Opa’oBBIBAJM, €CTECTBEHHO, JIMIIb
StrR-kneTkm, T. €. KJIETKH, HECYIME AJNeb str'. BOJLIIMHCTBO M3 3THX KOJIO-
umit okasasock F ¥ -, a e F ™ -Tuna. F-pakTop CONEpKUT MHOXKECTBO IEHOB,
coobmarommx eMy HHGEKIMOHHOCTh. HeKoTophbie W3 3THUX I'€HOB KOIMPYIOT
Germku mmtel, CTPykTyp THHa TpyOOuYeK, PAaCHOJIOKEHHBIX HAa MOBEPXHOCTH
F * -knetok (puc. 8.3). F-nuiu coenHsAIOTCS ¢ COOTBETCTBYOMIMMYU PELEIITO-
paMH Ha MOBEPXHOCTH F ~ -KJIETOK, YTO HPHBOIMT K OOpPAa30OBAHMIO IHTO-
IUIA3MATHYECKOTO0 MOCTHKa MeXkay aByMs KiieTkamu. B mponecce pocta F*-
knetok F-akTop pemsmuupyercss mo TeTa-THNMY, Tak Xe€ Kak H OakTe-
puaibHas xpomocoma. Opmako, korma Mexay F'- u F 7~ -kietkamn
BO3HHKAET MUTOIIA3MATHYCCKHH MOCTHK, F-pakTop IepexomuT K permka-
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BaxrtepuansHas
XpOMOCOMa

Puc. 8.4. Cxemaruueckoe u3oOpaxeHne MeXaHHM3MA, ¢ Momotnsio koroporo JHK
F-daxtopa nepenaerca ot F *-xnetkn F ~-kyeTke B mpollecce peruMKanuu 1O TH-
1y KaTsMerocs KOjbLa.

IOUH Mo cCHrMma-timy (cM. I 4). 5-PO, omgHomenoveYHsplii KOHEN PEIUIHIN-
pyrorerocs F-daktopa nporukaeT B F ™ -KJIETKY, 1 TaM CHHTE3HPYeTCA KOM-
mwreMeHTapHas nenb. Permmkanus JHK F-¢akTopa npaBOguT K IEpeHOCY
ko F-daktopa B F 7 -kmetku, npespamas ux B F ' -knetku (puc. 8.4).

Kak yxe ymomuuanoce panee, F-dakTop nmpencrasiser coboii smucomy,
KOTOpasi MOXET JIMOO CYIIECTBOBATh CAMOCTOSITEIBHO, JIMOO BCTPaMBATBCS
B pelnkoH Gaktepuun. B BcTpoernoM coctosHuu F-daktop MoxeT mepeHO-
CUTb OakTepHaJIbHYro XpomocoMy B F 7 -kietkn. YacTtoTa BO3ZHHMKHOBEHHUSA
pPeKOMOMHAHTOB MHKOTO THMA JUIS TEHOB OakTephasibHOM XPOMOCOMBI MpH
ckpeuBanut F * - u F ™ -mitaMMoB oveHb HH3Ka (MOpsiaKa OfHOM KJISTKH Ha
10° pomHTENBCKUX KJIETOK), IOCKOJILKY JHIIL HEGOIBIIOE YACIIO KieTok F*-
KYJbTYpbl y4acTBYeT B OOpa3oBaHHH pPEKOMOHMHAHTOB, XOTH 4acToTa MH-
¢unmposanus F-daktopom mosonpHO BeicOKa. OmHako, u3 F ' -KyaeTypel
MOXHO BBLIEJMTh IITAMMEI, NpPH CKPEIIMBABMH KOTOphIX ¢ F ~ -KieTkamu
PeKOMOHMHAHTHI 06PaszyroTCa TOpas3/io vale (JacToTa pekoMOrHanuy > 107 2).
DT mTaMMHBl OoOCo3HavaroTcs cumBosioM Hfr (ot aurn. high frequency
recombination—BbICOKaf wactota pekoMOmHammu). B mHux F-taktop B CcBO-
00IHOM, aBTOHOMHOM COCTOSIHMM OTCYTCTBYET, OH BCTPOCH B OakTepHalib-
Hy!0 xpomocomy. Korna knetxku Hfr BCTYNaroT B KOHTAakT ¢ KjeTkamu F 7,
MEKIY HHMH 00pa3yeTcsi IMTOIUIA3MAaTHIECKU MOCTHK, Ha3bIBACMBIH
KOHvlo2ayuonHoil mpybKoti, ¥ MHTErpupOBaHHBIH F-hakTop HHHUHMHpPYET De-
IUIMKanuio 6akTepHaIbHOH XPOMOCOMEI 1T0 THIY KATSILETOCs KOJIbA C TOTO
caiiTa, B KOTOPBIH OH BCTPOEH. DTa pPEILIMKAIMS NMPHBOTUT K HEpeHOCy Oak-
TeprasbHO# XpoMocoMel B F ™ -kneTky (puc. 8.5).

Koraa xomus 6aktepranbHoil xpoMocoMsl KieTkn Hfr nomagaer B kiet-
ky F 7, cTanOoBHTCA BO3MOXKHO# pexoMOMHANuUs MeXNy FeHETHYECKUMH Map-
KepamH, coaepKalMMucs B xpomocoMe kiietkr Hfr, m remamu, coaepxalliu-
mucs B xpomocome F ~-knetku (puc. 8.5). Ilpu xonwroranuu kierok Hfr u
F~ uacto mpoucXomuT paspylieHHE COEAUHAOIMEH MX KOHBIOTaNMOHHOH
TpyOKH H, COOTBETCTBEHHO, OOpEIB xpomocomb! Hfr. B pesyabTate B F -
kiaeTky nenas Hfr-xpomocoma momamaeT mOBONIBHO peAko.

ITocne Toro, Kak KOHBIOTANMSA HWHUIHHPOBAHA, BOZHUKHOBCHHE DEKOM-
OMHAHTOB MUKOTO THIIA OMPEACIACTCS HCKIIOUNTENILHO XH3HECIOCOOHOCTRIO
F~-ponutens. K Takomy BBIBOAy MOXHO NMPHHTH [IPH AHAJIH3E Pe3y/ILTATOB
PEUHITPOKHBIX CKPELMBAHM, BBIIOTHACMBIX HA MUHHMAJILHOH Cpefe, coaep-
Kared CTPenTOMUIHH.
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Puc. 8.5. Mobunusanus F*-knerxa Hfr-knerka
GakTepuanpHOit XpoMO-
COMBI TIPH BKJIFOYEHUH
F-dakropa B knerke Hfr.
[Tpn koHBIOTanuu pe-
IJIAKANUS XPOMOCOMBI i A\ BcTpoeHnpt i
HAaYMHAETCA ¢ BCTPOCH- ! & F-paxtop
Horo F-¢akropa. Orpe-
30k F-¢paktopa BXxoauT
5-konitoM B F 7 -kneTky
U yBJIEKaeT 3a cobou
JHK Hfr-knerku. Ecnn
KOHBIOTAIUIO IIPepBaTh
A0 TOro, Kak B KJIETKY A Bxnouenne F-d)ak'ropa
nepeitaet Bes Hfr-xpo-

MOCOMa, TO KJIETKa-pe- F~-knetka
UUMHEHT COXpaHUT F~
-THIL

Hfr -kneTka

5 Hayano xoHploraunuu

F™-knetka Hfr-knetka

B Tlepenoc onmouemnoueunoit JJHK no MEXaHH3MY
”KaTAUIErocs Kompua®’

Crpeumpanme 1: Hfr, Thr* Leu* St xF~, Thr~ Leu~ St}
Pe3yanTaT: KoJloHHE 06pa3yroT b pekomOnHanTer Thr* Leu™ Strf,
Cxpeumparme 2: Hfr, Thr~ Leu~ Str® xF~, Thr* Leu*t St
Pe3ynpTaT: KOJOHMH HET.

IlepBoe CKpemIMBABME IOKA3bIBAET, YTO IIPUMEHEHHE CTPEITOMHIMHA
yCTpaHsSeT KOJIOHMH, KOTOpBIC B NPOTHBHOM cliydae o6pa3oBajuch Obl H3
kjaeTok poautens Hfr. ®opMupoBaTh KOJOHHH MOTYT TOJBKO PEKOM-
OVHAHTH! AMKOIO THIIA, IIOCKOJIBKY poauTeam F ™ -THma He MOryT pact# Ha
MHHHMAJIHOH Cpelle B OTCYTCTBHE TpeoHMHA H JieHnuna. Bropoe ckpeumpa-
HHE II0Ka3bIBAET, YTO I 00pa3oBaHus PEKOMOMHAHTOB HEOOXOIHMA XH3-
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Hecroco6HocTh pomutens F ~, a me Hfr. PexombunanTtrsie koymonnu Stk me
06pa3yroTCs, TTOCKONBKY TeH strf JIoKaiM30BaH CIMINKOM Jajeko OT caiTa,
C KOTOPOTr'0 HAaYWHAETCA IIepeaya XpOMOCOMBI M IIOTOMY IOYTH HHUKOIAa HE
nonagaeT B F ™ -kieTky.

To, uTo moctyiUieRne GakTepranbHbiXx resoB n3 Hfr B F 7 -kjerky npowuc-
XOIWT MOCJICAOBATE/ILHO, BCETAA HauMHas ¢ calita waTerpanuu F-dakTopa
B 0aKTEpHAIBHYIO XPOMOCOMY, JaeT BO3MOXHOCTH KapTHPOBATh I'€HBL IIO
NOpAAKY MX nomanadus B F 7 -kiaetky (mompoGHee MbBL 0OCYyIMM 3TO B Clie-
ayromeM pasiene). Kak moxasaro ga puc. 8.5, IPOHMKHOBEHHE XpOMOCOMBL
B F 7 -xjteTky BCerna HauMHAETCHA C HYKJICOTHIHON IIOCIICAOBATEILHOCTH HH-
terpuposarHoro F-¢akropa. I1pa stom B F ™ -kj1eTky nmocTynaet He Bech F-
taktop. Ans Toro 4TOOBI B KIETKY moMNaia OCTaBIIAfCH €ro 4acTh, Heobxo-
numo, uytoOosl B F~ mepenia Bcg Hfr-xpomocoma. Do ciydaeTcss oueHb
pPENKO H3-3a CIMOHTAHHBIX Pa3pblBOB KOHBIOTAIIMOHHOHN TpyOKH, M IIO3TOMY
0O/IPIIMHCTBO OTOMPAEMBIX PEKOMOMHAHTOB OCTAXOTCH IPUHAICKAIMMU
F ™ -tuny.

du3ndeckoe KapTUPOBaHHUE
OakTepHaJIbHBIX I'€HOB METOI0OM
IIpepBaHHOMN KOHBIOTAlIUU

ITocnenoBatensHoe noctymnienue renos u3 Hfr B F ~ -xyieTku npexncrasiser
BO3MOXXKHOCTE KapTHPOBAaTh MX B OaKkTepmajibHOH XpOMOCOME B COOTBET-
CTBHH C IOPAIKOM M BPEMEHEM HX IONAJaHus B KJETKH. PaccMoTpum, Ha-
HPHAMED, CIICAYIOLIEE CKpPELIMBAHHE.
CxpemmBanme 3: Hfr, Thr* Leu* AZS T1% Lact Gal*, Str’ x
F~, Thr~ Leu~ Az® TI® Lac~ Gal~ St®

100 T T T T T T T T T
azi

o0
(=]
T

* StrR,%
T
p
[

ton azi §

(=23
o
T

ton T

Ionsa Hfr cpenn
S
=3

pexomOuHaros Tna Thr* Leu

[
(=]

0 10 20 30 40 50 60
TpoROmKUTENPHOCTh KOHBIOT LUK (MHH)

Puc. 8.6. I'paduku 3aBHCHMOCTU [OJH CTPAnOJALMUS I'PAQUKOB IS HaCTOTHI

HECENEeKTUBHBIX MapKEpPOB CPEAd OTO- K2X/OT0 M3 HECENEKTHBHBIX MapKepoB
GpaHHBIX PEKOMOMHAHTOB THIA X ocH alciyce faeT BpeMsi OT Hadaja
Thr*Leu* Str B ckpeumBanuu 3 oT KOHDBIOTAIMH, MO MPOIIECTBUH KOTOPO-
IPONOKHTENBHOCTH KoHbloramuu. ITo- 1o mapkep cranoBuTcsi crmocoGeH k pe-

Clle IIpepblBaHHsl KOHBIOrAMH KYIbTYpy  koMOHHammu ¢ xpomocomoit F~-kietkun.
BLICEBAIOT HA CEJIEKTUBHYIO cpeay. K-
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Puc. 8.7. Cxema, WJIIIO-
CTpUpyomas IOJIAp-
HocTh LepeHoca Hir-
XPOMOCOMBI B DKCIEPH-
MEHTE C IIpEpPBAHHOM
konwroranueit. K pe-
KOMOHMHAIIMK C XpOMOCO-
moit F ™ -kyeTkun cro-
COGHBI JNUIIbL TC I'CHBI
Hfr-xpoMoCOMBI, KO-
TOpble K MOMEHTY Mpe-
KpaLICHNs] KOHBIOTAINN
0Ka3aJIMCh B PEIHUIIHEHT-
Hoit F ™ -kmetke.

Hfr

Kousrorauns

NpepBaHa yepe3
@ 5 MEH

237

CkpenmBanne MeXay YKa3aHHBIME (ITAMMAaMH HAYMHAETCS CO CMEILMBA-
HUS JABYX KyJbTYP B MOMEHT BpeMeRH ! = (. Uepes ocrenoBaTebHBIE HH-
TepBaTBl BPEMEHM W3 CMECH OTOMPArOT IPOOBI M Pe3KO B30OANTEHIBAIOT HX Ha
MeIIAJIKE C TeM, YTOOB! Pa3pyIIHTh KOHBIOTAIMOHHBEIE TPYOKH, COENHMHSIO-
LIME CKPELIMBATOIINECS KJIICTKA. 3aTeM 00paser BBICEBAIOT HA arap CO CTpeM-
TOMHIIHHOM, COJCPXKAIIMi B KayecTBE HCTOYHHKA yriepoja rmrokosy. Ha
5TOM cpenie oT6HparoTcs pekomOunanTtht Thr* Leu™’ Str®. CooTsetcTyro-
mue Tpu mapkepa thr*, leu™ u strR, masmBarOTCH ceqexkmugnbimu. TeHbl,
00yCITOBTHBAOIIME YYBCTBUTEIBHOCTE K asunay {(azi), k dary T1 (ton), remel
YTHIIM3anUy JTakTo3el (lac) u ramakTossl (gal) SBISIOTCS B JaHHOM clydae
HeCeNeKMUBHBIMY MapKepamu, TIOCKOJIbKY cpena, Ha KOTOpOo#H BBIPAIIHBAIOTCH
KJICTKH, HE [03BOJIICT Pa3lIM4aTh AJUICAN 3THX JIOKYCOB y YYacCTBYIOIIMX
B CKpel¥BaHusaX OakTepuit. 3aTeM oToOpaHubie pekoMOunanTel Thr* Leu™
Str® mepeceparoT Ha pasmHUHBIC Cpembl, ¢ TEM 4TOOBI ONPENETHTH TEHO-
THIBL 3THX PeKOMOMHAHTOB MO HeECENeKTHBHBIM MapkepaM. YacTorta co-
OTBETCTBYIOLIMX ajUIeNicii OTKIanbiBacTcsA Ha rpadmke kak ¢GYHKIHA OT Ipo-
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JOJDKHTETBHOCTH CKpeliBanus (puc. 8.6). IlomydyeHHBIE KPHBBIE IIOKA3BI-
BAIOT, YTO pa3TMUHbIC HECENCKTHBHBIE Mapkephl Hfr cTaBOBATCS CIIOCOGHEI
K pekoMOmHamum € xpomocomoit F ~-kneTok Mo HCTEUCHHH pa3IHYHOrO
BpEMEHM OT Hauaja CKpernwBaHUS (puc. 8.7). DKCTpaloJiamus 4acTOTHl Ka-
XJIOTO Mapkepa K HYJIIO YKa3bIBACT Bpems IloNajaHHs Mapkepa B F -
kiaeTky (puc. 8.6). DTH IaHHBIE NO3BOJIIOT YNOPSAOYATH reHel mo Hfr
XPOMOCOME, HaYMHas OT TOYKHM MHTerpanuu F-daktopa, u OUEHHTH (H3MUe-
CKHE pACcCTOfHHUS MEKAY HMMHM, U3MEPSAs 3TH PACCTOSHUS B MHHYTax, IIpo-
LIeAIMX ¢ Havaja CKPeHIMBaHHSL.

Konbnesas ¢gopma resoma E. coli

W3 oproro F ¥ mtaMMa MOXET BOSHHKHYTH MHOXECTBO PA3/IMUYHBIX IITAM-
Mo Hfr, nng kaXnoro u3 KOTOpBIX XapakTe€pHA COOCTBEHHAA JIOKATM3ALUS
u opuenTauas F-¢aktopa B Xxpomocome Oaktepum (puc. 8.8). D10 mpo-
SIBJISETCSl B OIMCAHHBIX BBIIIE OMBITAX C IIPEPBAHHOHM KOHBIOramyen: B Ka-
*ngoM Hfr-mramMe nepenaya 6akTepmajJbHOM XpOMOCOMBI HauyHMHACTCH
C COGCTBEHHOH, MHOH 4Ye€M Yy JPYIMX IITAMMOB TOYKH; pazIHYyHA TakKke
W OPHEHTANHUA XPOMOCOMBI IPH 3TOM. 1718 KaXAOro mTaMMa MOXKHO yCTa-
HOBUTB XapakTEp CIEIJICHUS MEKIY I'€HaMH, PacrojioXeHHBIMHE HENoAaseKy
OT TOYKH, C KOTOpOi HaYWHACTCA Ilepenaia OaKTepUalbHOH XPOMOCOMEI.
CoOBOKYIIHOCTE TakHX JAHHBIX IO MHOXeCTBY pa3nnunbix mtammos Hfr mo-
3BOJISIET YCTAHOBHUTBH XapakTep CHEIUICHHS MapKEpOB B XPOMOCOME B IIEJIOM
U mocTtpoutes ¢Qu3mueckyro kapTy xpoMocomsl E. coli. Kak mokazaHo Ha
puc. 89, aTta kapra mMeeT (GOPMYy KOJbna, YTO MOJHOCTBIO COOTBETCTBYET
KOJbieBo#t ¢opMe Gaktepmansnoit JJHK.

Puc. 8.8. CaiiTbl uHTE-
rpanun F-daxropa

B XpOMOCOMY HEKO-
Topeix Hfr-morammos E.
coli. BcraBkn 0603Ha-
YeHbl CTpesikaMu, Hanpa-
BIICHHE KOTOPBIX CO-
OTBETCTBYET HampaBlle-
HHIO TepegayH XpoMo-
COMBI IIPU KOHBIOTAIMM.
CTpenku BHYTPH XPOMO-
COMBI yKa3bIBAIOT OTHO-
LEHNs CLENJIEHHS],
YCTAHOBJIEHHBIE IS He-
koropblx Hfr-mrammos.
HanoxeHnue 3TUX CTpe-
JIOK CBHAETEIbCTBYET

0 KOJbLIeBOH (GopMe re-
HETUYECKOH KapThl

[T'r 19f pro 4

arg H .~ / lac 7
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< /\ /
Ve
_ gal
cys A
xyl —

. —sup C
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\ trp
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his  his 504
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Puc. 8.9. I'enernueckas xapra E. coli, mo-

CTpOE€HHAsA METOOO0M peKOM6HHaHHOHHOFO Kap-
THPOBAHUS U MO AAHHBIM 3KCOIEPUMCHTOB

¢ mpepBaHHOH KoubtorauueH. [Bachmann B.J.,

Low K.B., Taylor A.L. (1976). Bact. Rev., 40,
116-167.]

F-inTaMMBI 1 YaCTUYHbIE OUITJIOUIBI

F-dakTop, naterpupoBannsiil B renomM kiertok Hfr mramma, mHOTIAa MoXeT
CIIOHTaHHO «BBIpE3aThCA» M3 XpoMocoMEl. KneTka npu stoMm u3 Hfr npespa-
maetca B F *. HeTouHoe BbIpe3andHe MOXET MPHBECTH K TOMY, YTO CTABIIUA
aBTOHOMHBIM F-(akTop 3aXxBaThIBaeT CMEXKHBIH Y4acTOK OakTepHaIbHON
XPOMOCOMBI MK, Ha000POT, TEPSET HEKOTOPEIH yuacTok cobcTBenHoit JJHK
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Puc. 8.10. O6paszopanue
Hfr-utamMMa B pesyis-
TaTe uHTErpamuu F-dax-
Topa B OakTepHaJIbHYIO
XPOMOCOMY; ITOCTIE/YIO-
Iee BHIPE3AHHE NPHBO-
JUT K BO3HHKHOBEHHUIO
6o F ' - nubo F'-
wramMa. CamBonamu f7
u b’ 06o3HaueHB! NpO-
HU3BOJIbHBIE CalThl F-
daxtopa u GakTepualnb-
HOH XPOMOCOMHI, CO-
OTBeTCTBEeHHO. [ABa THNA
HETOYHOT'O BHIPE3aHHS
F-¢pakTopa MoryT mpu-
BOJIMTh, KaK 3TO yKa3a-
HO Ha PHCYHKE, K BO3-
HUKHOBeHHUI0 nubo F'-
IMTaMMa C HHTAKTHBIM
(senospexnennpim) F-
daxTopom, nubo F'-
IMTaMMa, COMEPXKALETO
F-dakTop c penenmeit.

(puc. 8.10). Konsuesoit F-dakTop, BKIIOYAROIIMIA

Opeanusayus u nepedaua 2eHeMU4eCKO20 Mamepuaisa

. PenunpoxHas pexom6GHHALIs

]
by b, b Vb, by by,

m BaKTepHaﬂbHaﬁ

XpoOMOCOMa

O6pazopanue Hfr-kierku 8 peaynvTate
uHTerpatu F-daktopa

by by by [1fyfs
. —

fo fs fo 1 fs

ToyHoe
Boipeaatne BBIpE3aHHAe
¢ o6pa3oBay
HueM F -
KJICTKH
C MHTAK ~
THBIM
F-dakTto-
pom

Bbipesanue
¢ o6pasosa-
Huem F '~
KIETKH,
conepxauiei
F paxrop

C Jeneunen

B cebs OGakTepHaIbHBIE

TE€HBI, NMPEACTABIAET COOOH CaMOCTOSITENIBHBIH PEILTHKOH, IIOJMYYHBIIHA Ha-
uMmeHoBaHue F'-anementa. F'-anemMenTsl 0OBIYHO, Tak ke kak U cam F-dak-
Top, HHGEKIHOHHBI, U MX Konmuu nepeHocsaTcs B F ~ -kimeTku. F-mitamMMer ot-
mryaroTes oT mramMMoB Hfr moBenenneM npn ckpeunmBaHuy ¢ KieTkaMua F ~.
CpaBHUTE pe3y/bTaTel CKPEIMBAHUN 4 M 5, B KOTOPBIX HCIOJIb30BAJIHCH
mrtamMmel Hfr u F', nonyuennsit u3 nero. CMelIanBble KYyJIbTYpPhl BBICEBAIH
Ha MMHHMAJIBHYIO CpENy, CONEPXKAaIyro CTPenTOMMIMH.

CxpemmBanue 4: Hfr, Thr* Leu™ St x F~, Thr ™ Leu~ St}

PesyieTaT: oTéupatrotcs pekombunantel F~, Thr* Leu™* St}

Ckpemmpanne 5: F, Thr* Leu™ Str® x F~, Thr ™ Leu ™ Str®

PesynptaT: oTouparotcs pekombunanThl F/, Thr* Leu* Strk

Konorun, oToOpaHHBIE B YETBEPTOM CKPEUIMBAaHHHM, IpHHAzAgckKaT F~
THIY H He CIIOCOOHBI nepenasaTh renbl thr* u leu® xnetkam F - tuma. Ha-
IPOTHB, KJIETKH KOJIOHHH, NOJIYYCHHBIX B ISTOM CKDEIUMBAHUY, COmEpXKaT
akTuBHbll F-hakTop, oGecreunBarommid MM CHOCOOHOCTH CKpPEIIMBATHCA
¢ knetkamut Tuna F - u mepemasate uMm Thr* u Leu*. ITotoMcTBO OT Ta-
KHX CKpeluBaHHH (eHOTHIMYecKH GyneT npuHamiexatb F ' -Tumy; kiaeTku
IIpH 3TOM coaepkaT F'-ajnemMenT.

ITpu nepenaue F'-anemerTa F ™ -kyieTkaM BO3HHKAET Tak HalbIBaeMas ua-
cmuunas ounaoudnocms. Takas 4acTHYHAS NHIUIOHAHOCTH MO3BOJSAET OCY-
LIECTBIIATh KOMIUICMCHTANHOHHBIH aHAIM3 Pa3INYHbIX MYTAHTOB ¥ BBISB-
JIATh JOMHMHAHTHOCTH HJIM PEIEeCCHBHOCTb PAa3JIMYHBIX aJieneil ompene-
JIeHHBIX reHoB. [TprMeps! nCnosIb30BaHHSA PE3y/IbTATOB TAKHX HCCIIC/TOBAHMH
npuBoAsATcs B I 15
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B 4YacTMYHO OMNJIOHAHOH KJIETKE peKOMOWHANMsS MOXET MPOHCXOOUTH
MEXIy TeHaMH GaKTepHH, BXOIfILMMHU B cocTaB F'-aeMeHTa, H reHamM ro-
MOJIOTHYHOTO y4aCTKa GakTepHasIbHOH XpoMOCOMBI. EqMHUYHBIH KPOCCHHTO-
BEp NIPUBOJUT K BKJItOo4YeHUIO F'-ameMeHTa B GakTepHalBHYIO XpOMOCOMY
u obpazosanuro kieTku TMma Hfr ¢ pgynnmkanmedt reHoB, comepiKarxcs
B ['-ameMenTe. J1BO#HOH KPOCCHHrOBEp NPUBOAUT K OOpa30BAHHIO KJIETKH
F'-tunma, B xoTOpOo#l npom3oles o6MeH MapkepaMd Mexnay OakTepHaslbHOH
xpoMmocomo#l H F'-aemenTOM.

[ToaBu>XHBIE TEHETUYECKNE IJIEMEHTDI
(TpaHCITIO30HBI)

ITpuBelYHBIE NPEACTABJICHUSA O CTAOMIILHOCTH TI'€HETHYECKOH OpraHu3andq
OBLIH CHJIBHO NOKOJEOeHRl B 70-X rojax HCCIEIOBAHUSAMH IMOBHXHBIX I'e-
HETHYECKHX 3JIEMEHTOB y OakTepwuii. [lepsrle Takue snmemeHThl y OaxTe-
pHil TONYYMJIM HA3BAHHE UHCEPYUOHHBIX Hocaedosameaviocmeii (IS) wmu
BcTaBoK. Y E. coli oHM OBLIH BbISBJIEHBl KaK IPpUYHHA BO3HHKHOBEHUS
ONMpeneIcHHOTOo THMA MYTalHH. DTH MyTauguH MOJHOCTBIO IIOJABJIAIOT
3KCIPECCHIO I'eHa, B KOTOPOM OHHM MPOMCXOIAT.

UccnenoBanHe reTepoOAyIUIEKCHBIX Moutekys, obpasopanneix AHK my-
tanTta # JHK pukoro Tula, noxasajo, 4To HHCEPHHOHHBIE MYTAHTHI COIEp-
xat yyactkd JJHK, Bctpoennsie B mosiekyny JIHK nukoro tuna (pmc. 8.11).
Bruto 06HapyXkeHO, YTO HECKOJIBKO pa3NIMYHBIX BCTPAMBAIOLIUXCS MOCIEHO-
BaTEJILHOCTEH MOTYT BBI3BIBATh MYTanHH MHOTHX IeHOB. HekoTophle CBO#-
cTBa HauboJiee H3BECTHBIX M3 3THX MOCIECHOBATEILHOCTEH MPEACTABIICHBI
B Tabs. 8.1. OHu pa3mMyaroTCs pPa3MepoM, HO MMEIOT HEKOTOpHe obiwme
4epThl CcTpocHus. Ha koHmax colepkarcs OMHAKOBBIC WJIM MOYTH OAMHA-
KOBBIE HYKJICOTHAHBIE MOCJIEIOBATEIBHOCTH, PACIOJIOKEHHEIE, OJHAKO,
B oOpatHOM mopsiake. B ciydae IS1, manpumMep, KOHIEBBIE MOCIEAOBATEb-
HOCTH conepXkaT mo 23 HykjaeoTHaa, 18 u3 KOTOPHIX OJMHAKOBBI I 060MX

Puc. 8.11. DnexTponnas
MukpodoTorpadus rere-
POAYIIJIEKCHOW MOJIe-
xyael JIHK Agal* /Agal3.
Opsonenoyeynas NeTis
(ykazaHa CTpenKoi)—3To
pctaska IS2 B rene
gal™ [Ahmed A,

Scraba D. (1975). Mol.
Gen. Genet.,, 136, 233.]

16—1215
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Ta6/mua 8.1. XapakTepucTHka HHCEPIMOHHBIX MOCIENOBATEIBHOCTEH

Hucro obmux JliMHa oBTOpa

Ha3panme Yucno K%nm?l B KIIETKE I nuHa H.Tl. B HHBEp- B JTHK-vumenu
Lcoli H. 1) THPOBAHHOM (1)
NOBTOPE
IS1 5-8 komui#i Ha Xpo- 768 18/23 9
MOCOMY
182 5 Ha xpomocomy, |1 1327 32/41 5
Ha F
183 5 ua xpomocomy, 1 1400 32/38 3 um 4
Ha F
1S4 1 wim 2 KomMM Ha 1400 16/18 11
XpOMOCOMY
IS5 UsBecTHa TONBKO B 1195 15/16 4
darax A u Mu
1S10 1329 17/23 9
IS50 1533 8/9
¥d 1 Ha F, 1 um Gomnee 5700 35

Ha XPOMOCOMY

konnoB. Kpome Toro, korma uncepius BcTpamBaetcs B JJHK-mumens, He-
6onpmoi yyacTok mociemopaTensHocT JHK-Muienn moBTOopsieTcs oKojo
KOXKOOro KOHIA MHCEpHUH. OTa IOBTOPSIOLIAACS I1OCIIEAOBATEILHOCTD
JAHK, oxalimisirolass HHCEPIHHUIO, CONEPKUT OOBIYHO OT 5 no 9 HyKy€OTH-
JTOB.

WHCEpIMOHHBIE TOCTIEIOBATEILHOCTH 00TAa0T CIEAYIONMME T€HeTHYE-
CKMMH CBOHCTBaMH:

1. Haubosee xapakTepHas 0COGEHHOCTb —3TO CNOCOOHOCTh IIEPEMEILATh-
cs o redoMy. [Ipr 3TOM NPOUCXOAUT PEILUIHMKALMS HHCCPIHOHHON IOCIIEN0-
BATEJILHOCTH: MCXOHHBIA JK3EMILIAP OCTACTCS B NpEXHEM CaiiTe, a KONHs
BCTpamMBacTICd B MHUMICHb. CalThl-MUIIEHH, KyIa BCTPawBaroTCi MHCED-
HHOHHBIE MMOCIIS[OBATEILHOCTH, BOOOIIEC TOBOPs, MOYTH He 00/TagaroT creny-
¢uunocTero. OyHKIMHM, OOECIICYMBAOIINE CHOCOOHOCTH K INEPEMEILCHHIO
(TpaHCIIO3UAH), 3aKOANPOBAHEI B CaMOH HMHCEPIMOHHOH MOCIEI0BaTEIbHO-
CTH H XECTKO PETyJIMPYIOTCS, MOCKOJIBKY TPaHCMO3MIHSA NMPEICTABISET CO-
6o peakoe coObITHE, NMPOUCXOAsINEe HAa IOPAAOK peXe, YEM CaMM CIOH-
TaHHBIE MyTaluH.

2. VHCepuHOHHEIE MOCEI0BATESIIBHOCTH MOTYT TOYHO BBIPE3AThCH; IIPH
3TOM IPOHCXOOUT peBepchs IS-MHOynHHpPOBaHHOW MyTandHd K AHKOMY THIY.

3. B caiiTax, CMEXHBIX [0 OTHOLICHHIO K HHCEPIHH, BOZHUKAOT JCIICIUH
OakTepUaJIbHBIX I'eHOB (puc. 8.12).

4. B cMEXKHBIX MO OTHOILUCHHIO K MHCEPI[MH CaHTax NMPOHCXOAST HHBEP-
cnu GaKTepHaIbHBIX I'€HOB.

5. VIHCeplHOHHBIE 10CIIENOBATEIEHOCTH 00OeCIeudBaOT B3aMMOICHCTBYE
MEXIY TAaKUMH I€HETHYECKHMH 3JicMeHTaMH, kak F-daktop m GakTepuass-
Hasi XpOMOCOMa.

Bo3MoXHBIE MeXaHH3MBl peaj3alid¥ 3THX CBOHCTB MbI 06Cynnm
B 1. 14, a 3pech Mk IpOKOMMEHTHPYEM IOCIIEOHEE CBOMCTBO.

®duznueckas kapta F-¢aktopa E. coli nzobpaxena Ha puc. 8.13, 4. Ona
conepXuT 94 500 H.11., B €€ COCTaB BXOIAT I'CHBI, 0OCCICYHBAIONINE KOHBIOTA-



8. BakmepuaabHblli 2eHOM 243

IS1
—

nadA aroG KTE OP chiD pql att N bio  uvrB

Puc. 8.12. 1IBeTHBIMH JHHUAMU OOO3HAueHbl AENELMHM, MHIYIMPYEMBIE 3INEMEHTOM
IS1 B gal-onepore E. coli.

IMOHHBIHA MEPEHOC XPOMOCOM (reHBl tra), ¥ TeHbI, 00eCIeYHBAIOIIME PEILITUKA-
uuto camoro F-daktopa. Kpome Toro, kapra BKIHOYAET YETBIPE HMHCEP-
IIHOHHBIX TNOCcleaoBaTeabHocTH: B¢ 1S3, oNHy mocnenoBaTenbHOCTL IS 2
¥ OJiHy, TAaK Ha3bIBaeMyro yd. DTH MOCJEAOBATEILHOCTH NPEACTABISIOT CO-
60ii caiitel, koTopbiMi F-akTop BcTpanBaeTcs B XpoMocoMy GakTepuu, 4TO
M NpHBOAMT K BO3HuKHOBeHHWro Kietku Hfr. CsuperenbcrBylomme o6 3ToM
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JaHHble OBUIM TMOJy4eHbl NPU HM3YYEHHH CTPYKTYphI F'-3nmeMeHTOB Iocpen-
CTBOM rertepoayiuiekcHoro kaprupoBaHus. B JIHK F’-onemenra Gakre-
puanssas JTHK, uaterpupopansas B F-daktop, oTaeneHa ¢ obenx cTopoH
ot JHK F-thaxTopa MOCHTHYHBIMH HHCEPIMOHHBIMHU IOCIEIOBATEIBHOCTS-
mu. Cnocobrocts F-hakTopa BcTpamBaThCsad B pas3IMYHBIC YYACTKH XPOMO-
combl E. coli moxeT ObITh ODycnoBieHa ABYMS COOBITUAMM: KPOCCHHIOBE-
POM MEXIy MHCEPHHOHHBIMH IIOCIENOBATEIbHOCTAMH, BXOASIIMMH B COCTaB
kak F-dakTopa, Tak M OaxkTepuaIbHOM XPOMOCOMEI, JTHOO TpPaHCHO3MIUEH
HHCEPIIMOHHOM mocienoBaTenbHOCTH F-dakTopa B MulieHs GakTepuanbHOH
XPOMOCOMBI, IPHBOASIIECH K CIUSHUIO ABYX OTHEIBHBIX KOJIBIEBBLIX DPEIUIH-
KOHOB B oduH (cM. ri. 14),

UHcepuronHble NMOCIECIOBATEILHOCTH OTHOCHTENILHO HEBEIHKH H KOOU-
pPyrOT JMIIL (hYyHKIHH, HEOOXoauMble NI UX TpaHCHo3uuu. Bropol kmacc
HO/IBHXXHBIX 3]IEMEHTOB, TaK HasbIBaeMble mparcrno3onst (Tn), comepxar Kpo-
M€ TOTO TEHBbI, He HMEIOIIHEe OTHOUICHHUS K TPAaHCIO3UIKH, HO coodIaromme
BaXKHBbIC CBOHCTBA KJeTKaM GakTepuu-xo3smHa. CTPYKTypHble CBOHCTBa He-
KOTOPBIX TPAHCIIO30HOB IpelcTaBieHbl B Tabn. 8.2. Hexortopele Tpasncno-
30HbI, HaNpuUMep TnS, cogepxar HAa KaXXAOM KOHIIE M3BECTHYIO HHCEPIMOH-
HyH0 HOCJENOBATENbHOCTh. DJTH MNOCIECAOBATENTBHOCTH MOIYT OBITH KaK
OIIMHAKOBO, TaK M MPOTHUBOIIOJIOKHO HAIIPABJICHHBIMH. JIpyriue TPaHCIIO30HbI
Ha KOHIaX cOJEpXKaT IPOCThleé HHBEPTHPOBAHHBIC IIOBTOPEI, IO pa3Mepam
6IH3KHE MHCEPIIMOHHEBIM MOCIE0BATETBHOCTAM. TOT ¢hakT, YTO [IBE OOUHA-
KOBBIC HMHCEPIMOHHBIE IOCJENOBATEIBHOCTH MOTYT (YHKIIHOHHPOBATH CO-
rJ1ACOBaHHO, obeclieunBasl TPAHCIIO3UINIO UHBEpTHPOBaHHOro yyactka JTHK,
Kak B ciydae TnS, cBHOETENLCTBYET O TOM, YTO JIPYTHE TPAHCIIO30HBL, B Ha-
cTOsAIIEE BpPeMs YCTPOEHHBIE MO-APYroMy, MOTJIH 3BOJNIOIUOHHO BO3HHUKHYTH
U3 Tako# CTPYKTYpbl B DPe3yJbTaTe yTpaThl OOJbICH 4acTH BHYTpPEHHHX
y4acTKOB MCXOHNHOH INpeIKOBOH MHCEPHHOHHOW INoCnegoBaTelbHOCTH. Tak
ke Kak M B ClIydae MHCEPHHOHHBIX IIOC/ICIOBATEILHOCTEH, MEpeMeleHne
TPaHCIO30HOB IPHBOIMT K OGpa30BaHHIO OBTOPOB B MOCIEAOBATEILHOCTH
JHK-mumiesn no oboMM KOHIIAM TPAaHCIIO30HA.

BnepBble TpaHCMO30HB! GBI OOHAPYXKEHBI, KOI/Ia OKa3aloch, YTO HEKO-
TOpble TEHbl YCTOHYMBOCTH K AQHTHOMOTHKAM CBS3dHBI ¢ HMHGEKIMOHHBIMH
Ppaxmopamu  ycmoiiyugocmy. OOGIIAsS CTPYKTypa (DaKTOPOB YCTOMYMBOCTH
nzobpaxena Ha puc. 8.13,5. Ilpn uccaegopannu rerepoayiutekcHoi JJHK,
obpazosauHoit [THK F-dakrtopa, u darkTopa ycroiuuBocTH ObHApY*XeHA ro-
MOJIOTHS MO Bcell 06acTH tra-reHoB, YTO CBHAETEIBCTBYET OO 3BONIOLMOH-
HOM poAcTBe 3THX CTPyKTyp. IlocnemopatensHocte JTHK, xomupyroinas
yCTOHYMBOCTE K TETPALMKIINHY, tet, obpamiera aneMernTamu IS 3 i BcTpoera
B obxacth romonoruH ¢akropa ycroiumsoctd u F-haktopa. B Heromorno-
rHYHOM ODJIACTH KapThl JIOKANIN30BAHBI TeHbI, KOJUPYIOIIHE PE3UCTCHTHOCTh
K aMIAIWLIMHY (amp), cynabdoramuy (sul), ctpenToMununy (str), x1opamde-
HUKONY (cml) u KaHaMuiuHy (kan). DTH TreHBl YCTOHYHBOCTH NOPO3HBL WM
rpynnamu obpamnessl IS aneMeRTaMH MM APYrUMH HHBEPTHPOBAHHBIMH
noBTOPaMH (yKasadel cTpenkaMu Ha puc. 8.13, ). OtmenbHble reHbl YCTOH-
YHBOCTH HAIpHMeED, tet MIM amp, MOIYT HEPEHOCHTBCS B JAPYTHE 3MUCOMBI
WA TJ1a3MHJIBL, 2 TAKXKE B XpOMOCOMBI (haroB U GaKTepHii, IoYeMy W BO3HHK
TEPMHH TPAHCIO30H.

Hanbonee kpynHbBI U3 M3BECTHHIX TPAHCIO30HOB—3TO YMEPEHHBIH Oak-
teprocar Mu. Mu moxer B dopme mpodara BcTpauBaThCsA B Jr060E MECTO
resoma E. coli, ”HaKTHBHpPYs reHBl, OKa3aBLINECAd HAa MecTe MUIIeHH. 1lpu
autHdeckoMm pasputid Mu JIHK ang pennukanmn AomxHa OBITH BCTPOEHA
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Ta6auuma 8.2. XapakTepHCTHKA HEKOTOPBIX TPAHCIIO30HOB

Tpancrososn OGyc:}onnnBaeT Jnuna Yncno obmiux JAnuua mosropa B JHK-mu-
YCTORYHBOCTH (1. 1) H.I. B HHBED- e (H. 1)
THPOBaHHOM
OBTOPE
Tn 1, Tn 2, Tn 3 K amnuumunnuny 4975 38 5
Tn 4 K aMmummmuny, 20500 MaJo Bxmouaer Tn 3
CTPENTOMMUITHHY,
cyIbhoHaAMHAY
Tn 5 K xanamunuay 5400 8/9 9 Koumpr Tn 5 npeacrae-
ns0T coboif  MpOTHBO-
MOJIOXKHO OPHEHTHPO-
paHHble uucepuuH 1S50
Tn 6 K kanamununy 4200
Tn 7 K Ttpumeronpu- 14000
My, CTPEIHTOMM-
LHHY
Tn 9 K xnopamdbenn- 2638 18/23 9 Kounpr Tn 9 npencras-
KOJTy 0T coboit ommHAKO-
BO OPUEHTHPOBAHHbBIE
uucepuuu 151
Tn 10 K Terpanukmuny 9300 17/23 9 Kouust Tn 10 npen-
CTaBJIsAIOT coOOM mpo-
TUBOIIOJIOXKHO OPHEH-
TUPOBAHHBIE HMHCEPIMU
1S10
Tn 204 K xnopamdbenn- 2457 18/23
KOJIy
Tn 402 K tpumeronpu- 7500
My
Tn 501 K wnonam prytm 7800 38
Tn 732 K renramununy, 11000
TOOpaMUIHMHY
Tn 903 K xamamuumny 3100 1050 9
Tn 1681 K rtemnoycroi- 2088 18/23 9 Kouust Tn 1681 npen-
YMBOMY 3HTEPO- CTaBJISAIOT cOOO# HH-
TOKCHHY ceprum IS1
Baxrepuodar Mu 38000 HET

B XpoMOCOMy XO3siuHa. Beimenennas us ¢ara Mu JHK comepxur, xpome
JINHEHHOrOo reHoMa dara, mpucoeqUHEHHbIE K KAK/IOMY €ro KOHIY KOpOTKHE
cnydaiiHbele nocnenosatensHocTy JIHK Gaktepun-xo3suHa. B cinydae, korma
y4acTOK DaKkTepHaTbHOW XPOMOCOMBI 3aKJIIOUEH MeXIy IByMss Mu-reHoma-
MH, OH MOXET TPaHCMO3UPOBATHCA IEIMKOM.

WnrepecHo, 4To BHepBble MOABHXHbIE TEHETHYECKHE 3JIEMEHTBbI ObLIM
onucanb! bapbapoii Mak-KmuaTok eme B 1951 rony Ha Kykypyse. OHa Ha-
3BaJla UX KOHMPOAUPYOWUMU IAeMEHMAMU, TIOCKOTIbKY OHH BCTPAUBAJIMCDH 1O
COCEICTBY C HEKOTOPbIMH I€HAMH, B YACTHOCTH, I'€HAMH, OIpPEAE/ISIOIAMHI
NMIMEHTALUIO 3€PEH, M OKa3blBAJIM BJUAHME Ha 3TOT IIPU3HAK PACTEHHUA.
Mak-KJIMHTOK ommcana Takxe CIOCODHOCTh KOHTPOJIMPYIONIMX 3JIEMEHTOB
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HepeMeNaTbes o TeHoMy. B HacTodiee BpeMs CTallo ACHO, YTO IOABHXKHBIC
reHeTHYeCKHE 3JIEMEHTHI COCTABJISAIOT HEOTBEMIIEMYIO 4acTh IeHOMa Kak
HPOKAPHOTHYECKHX, TaK U IYKapHOTHUECKHX OpraHm3moB. ONUCaHHE CTPYK-
TYpBl 3THX 3JIEMEHTOB Ha MOJICKYJISIDHOM YypOBHE HA4aJloCh C HPOKAPHOT,
NOCKOJBKY COOTBETCTBYIOLIME METONH HccienoBanus JJTHK nmpokaprotude-
CKHX opraHn3moB 6bumM paspaboradm B 70-x romax, Torma Kak MeTon pe-
komOuraHTHEIX JIHK, no3Bossronux Ha ToM ke ypoBHe HcclegoBats JTHK
9YKapHOTHYECKHX OPraHU3MOB, CTANl JOCTYIeH jaullb B 80-x romax. Bemowm-
HUM O TNOJIBWXKHBIX 3JeMEHTaXx B TeHe white gposzodunsl (puc. 6.17).

I'eHeTnueckoe kapTupoBaHue E. coli

Mero/1 npepBaHHOW KOHBIOranuu yaobeH Ipd (U3NYECKOM KapTHPOBAHHH
T'€HOB, JOBOJILHO YAANEHHBIX APYr OT JIPyra, HO HE MOXKET HCIOJIb30BaThCA
IpH KapTHPOBaHWH MAPKepOB, HAXONANIMXCA Ha OIu3kom pacctosHuu. Ta-
KK JOKYChl KAPTHPYIOT NOCPEACTBOM PeKOMOMHAIIHOHHOTO aHaJIN3d, OCHO-
BaHHOIO Ha TeX Xe NPUHIHUNAX, KOTOpble OBUIM HCIONB30BaHBI MPH IOCTAa-
HOBKe TpexdakTOpHBIX CKpelluBaHui (rn. 5 u 7).

J s peKOMOUHAIMOHHOTO KapTHPOBaHMA TpeOyeTcs KJIeTKa PelHUINeHTa
¢ kosneBolt [IHK xpomocomsl u JJHK noroproit kxerku. JJHK xnetku-mo-
HOpa MOXET BBOJUTBCA B KJIETKY PCUMIIHEHTA PA3IHYHBIMH CIOCOGAMH:
¢ nomomblo Hfr-xpomocomsl (pu KoHswzayuu), BMecTe ¢ HaroM-BeKTOPOM
(mpancoykyus), unu nyrem npsMoid nepemauun JHK wu3 kxerkum joHOpa
B KJIETKY-PEIUIHEHT, KAK 3TO ONHUCAHO B INI. 4 B OTHOILEHHU ITHEBMOKOKKOB
(mpancgopmayus). O6pasyromasicad NMPH 3TOM YACTHYHO MUILIOWIHAS KJIETKA
HA3bIBAETCA Mmepo3uzomoil. Mepo3uroTsl HeCcTaOUITBHEL, IOCKOIBKY JOHOPHAS
OHK npenctaBmseT coboil ¢hparMeHT 1eloro penjukoHa. [ eHeTuyeckue

«— Caiit cenexTupye -
Moro obmeHa

BeposTtHbie cafiTh
<« \ HecenexTHpyeMmbIxX
0GMeHOB

uHcno pekombunanTos bC
YacToTa peKOMOMHaLMH MeXLY BUC =

yMcno pexoMOuHaHTOB C

Puc. 8.14. I'eneTHueckoe KapTupOBaHHUE B OTJIMYME OT CKpEUIMBAHUA MEXIY
NOCPEACTBOM PEKOMOMHAIMOHHOIO aHa-  MEHOTMYECKUMH OPraHM3MaMmy, pernu-
JIM3a MEPO3UroT, BO3HMKAIOIIMX B pe- MpPOKHbIE PEKOMOMHAHTBHI B TAKOM
3yneTaTe KoHbroramun. OTbupaercs M-  CkpemuMBaHUM He 0Opa3syloTCs, paccTof-
cranbHblll Mapkep C. Paccrosnue na HUS Ha [EHETMYECKOH KapTe, onpene-
rEHETHYECKON KapTe Mexay B u C JISIEMBIE TaKMM 06pa3oM, HE aHalo-
onpenenseTcss Kak ymHoxeHwoe Ha 100 [UYHBI PACCTOSHMSIM, ONpPEEISEMEIM
OTHOLIEHHE uucia pekoMbuHantoB bC MpU CKPEUIMBAHUM MEHOTHYECKMX Opra-

k uucay pekomOunantoB C. ITockonbky HHU3MOB.
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MapKepsl, cogepxkaruecss B foropHou . JJTHK, MoryT pemnunupoBathes U co-
XPaHUTLCA B IOTOMCTBE, TOJBLKO €C/IH OHM IIONAJaloT B PEITHKOH KIIETKH-
pelMIueHTa B pe3yabTate pekombunanun. Kak mokasaHo Ha puc. 8.14, nms
Toro, yTobel yacTe AoHOpHOH JJHK BCTpOMIach B XpOMOCOMY PEIMIMEHTA
H IIPH 3TOM COXPAHMJIACh KOJbIIEBAsA CTPYKTypa XpOMOCOMEI, TpebyeTcs aBa
(MM naxe HECKOJBKO) KPOCCHHIOBEPOB.

KoHnblorauMmoHHOEe KapTUpOBaHUWE

Koraa nponsBoauTcs KapTUpPOBagHe Meposuror tuna F ~, obpasoBaBmmxcs
npd KOHBIoranuu c¢ kierkamu Hfr, monesHo 3HaTh MOPS/IOK MHONATaHUA
chasKupyrommux MapkepoB B Kierky F ~. KaprupoBaHue BBINTOJHSETCA MO-
cpeacTBoMm otbopa nmo guctanbHoMy Mapkepy C (puc. 8.14). DTta npouenypa
rapaHTHPYET y4acTHe B KOHBIOTAlMHM BCEX HHTEPECYIOIINX HAC MAapKEepoB.
YacToTa NOSIBJIEHUs] HECEIEKTHBHBIX MapKepoB ¥ OTOOpaHHBIX peKOMOWHaH-
TOB UCHOJIL3YeTCA JUIS ONPENEEHAsS PaCCTOSHUSA Ha KapTe OT HeCeIeKTHBHO-
ro mapkepa go C, kak 31o uzobpaxeHo Ha pHc. 8.14. Hanpumep, TecHO cue-
IUIEHHBIC MYTAlMH, BJIUAIONIME Ha CHOCOOHOCTh YTHIIM3MPOBATh JAKTO3Y
B KauecTBe McTOUHMKA yriaepora (lac Y, lacZ wn lacI) B penMIpoKHBIX CKpe-
HMBAHKAX 6 u 7 mepenaloTcs onpeneneHHeIM InramMmoM Hfr mocne mapkepa

prot, HO o Mapkepa ade .

CkpeumBanue 6: Hfr, Yz Z; IT ade* str’ x
F~, Y§ Z, I5 ade” str®
Cxpemmbanue 7: Hfr, Y3 Z; I ade ™ str® x
F~, YR Z} If ade ™ stk
Pekombunantel ade * strf or6uparoTcs mpm moceBe Ha arap ¢ TIIOKO3Oid

n crpentoMmumiHoM. IlpenctaBnenHsie B Tabn. 8.3 naHHBIE OCHOBaHBI Ha
aHamnse reHotuna bonee yeM 10000 Takux peKOMOHUHAHTHBIX KOJIOHMH, OT-

Ta6mna 8.3. YacTOTHl HKECENICKTMBHBIX MAapKEPOB CpeaM PEKOMOMHAHTOB ade*str® , 00pa3yeMbIx
p

MEPO3MIOTaMuU
CkpeluuBanue 6 Cxpemusanne 7
Hr Yr Z&f I}  adet  so® Hr Y% Z; Iy adet st
F- Yk Zi Iy ade  stoR F- Yr Zi If  ade- st
YuacTok: 1 2 3 4 Vyactok 1 2 3 4
Cpenn pekOMOHHAHTOB ade* str® (KpoccHHIOBEP Cpenu pekoMOUHAHTOB ade*str® (kpoccHHTO-
B 4): Bep B 4):
A. 22% YR Z, (kpoccunrosep B 2 mim 3) A. 26% - YRrZ; (xpoccunrosep B 2 mau 3)
R R
Bb. 23%-YRZ; I3 (xpoccunrosep B 1) B. 1,9% - YRZ} (xpoccurrosep B 2 wi 3 u 1
R R

H cresa ot Y)

B. 0,20%—YgrZ; Iy (kpoccurrosep B 2 wnu 3 u  B. 14% —-YrZ; I; (kpoccuurosep B 2)

creBa oT Y)

T. 0,048% — YR ZS I (kpoccurrosep B 1,2 u 3) I. 0,22%-YRZ:I; (xpoccurroBep B 1 u 2 u

creBa oT Y)

Mo Jacob F., Wollman E.L. 1961. Sexuality and the Genetics of Bacteria, Academic Press, New York, p. 229.




CkpelmBaine 6
Hfr Y- Z+ [+ adet strS

N L
. i | —_—>
—_——— A —_ ——— ——
F~ Y+ Z= 1= ade= str® F~ Y+ Z- I adet shR
Y- Z+ I+ adet steS
! —>
EF~ Y+ Z= I~ adem sh® F~ Y+ Z+  I* adet str®

Hir Y- Z+ 1% adet str®

F~ Y+ Z- 1= ade~ st F™ Y- Z¥ |- adet P

F~ Y+ Z= T ade stR F~ Y+ Z+ [T adet strR

Cxperupanne 7

Yt Z= I~ adet st

7, S
} | —>
—_— A _ —_— _
F~ Y- Z+ I ade ste® F™ y= Z+ 1 adet stR
Yt Z- I~ adet st
ik —F i —
i i —>
_— Y oV _ _— e
F~ Y- Zt It ade str® F™ Yt Z+ | adet shR
Y+ Z- 17 adet stS
{ —
E~ Y- Z+ I+ adem strR E™ Y- Z+ |~ adet suR
I~ adet strS
1 -
. >
F~ Y- Zt It adem bR F™ v+ Z+ |- ader sk
Puc. 8.15. Obpa3osaHHe CElIEKTHBHBIX H Hece- BO3MOXHBIE OOMEHBl 0003HAUEHBl 1E€PHBIMH
JIEKTUBHBIX PEKOMOMHAHTHBIX T€HOTHIIOB crpeakamu. ITyHKTHpHBIMEM cTpeikaMH 06o3Ha-
B ckpemMBaHusax 6 u 7 u3 tabmunsr 8.3. Bee 4eHbl KPOCCHMHIOBEPHI, ITOJOXEHHE KOTOPBIX IO
PEKOMOMHAHTBI cofepkaT red adet (kpoccuH- OTHOIIEHHMIO K reHy lacl me ompeaemneHo.

ropep 0603HAYEH LBETHOM cTpeakoi). Apyrue
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Iy ade

|
HEIN 22
I
|

pro Yp Z,

|
20 /2.3
Puc. 8.16. I'eneruueckas kapta lac-obsmactu E. coli.

IeyaTaHHbIX Ha YallKK ¢ MUMTaTENbHON cpenoi, Mo3Bostoniei uieHTudhUIu-
poBaTh pasnuuHble geHoTHnbl Lac. CamMblii MHOTOYHCIICHHBIH KJIACC PEKOM-
OMHAHTOB, MOJYYEHHBIX B J3THX CKPELUMBAHUAX, [03BOJISAET ONPEIEIUTH
paccTosiHMe Ha KapTe Mexnay ade W lac Z. B 1mecToM CKpelMBaHMM 3TO pac-
CTOSAIHHE OLCHUBAeTCSA B 22 eNWHHIBL, B PEIUINPOKHOM CENBMOM CKpELINBa-
HHM~—B 26 €IMHHUI; Takoe COOTBETCTBHE MOXHO CHYHTATh YIOBJICTBOPH-
TenbHBIM. Ha puc. 8.15 cxemarudecku n3obpaxeHbl KPOCCHHIOBEDHL, HEOO-
XOOMMBIE NI BO3HMKHOBEHHS PEKOMOHMHAHTOB 3TOTO M JAPYIHX THIIOB,
npeacTaBieHHbIX B Tabn. 8.3. Pexom6umanthl knaccoB B, C u D, nouny-
YeHHBIE B cKpemuBaguu 6 (puc. 8.15), mO3BONAIOT caenaTh BHIBOM, 4TO lac [
JeXKAT Mexay lac Z u ade, 10CKOJBKY YETBIPEXKPATHBI KPOCCHHIOBED, B pe-
3ynbTate KoToporo obpasyrorcs kiaccel C m D, pnomkeH HpOUCXOOUTh
MHOTO pexe aBoiHoro. Cpasrerue kinaccoB C 1 D ¢ knaccom B moxaswi-
BaeT, YTO IO aHAIOTHYHOH npuunHe lacZ NOJKeH Jexars Mexay lacl
n lac Y. PeuumnpokHoe ckpellluBagMe 7 MOATBEPXK/AeT YCTAHOBICHHYIO
B CKpEIIMBAHHN 6 MOCIENOBATENBHOCTh PAaCIONOKeHUs reHoB. IToyueHHBIe
B 3THX CKPEIIUBAHUAX YaCTOTHI YETBIPEXKPATHOIO KPOCCHHIOBEpA CBH/IE-
TENBCTBYIOT O CYIIECTBOBAHHH BBICOKOH OTpPUIATENBbHOH uHHTepdepeHINH
(em. rn. 14). Ha puc. 8.16 uzobpaxkeHa peKOMOMHAIMOHHAA KapTa, HO-
CTPOCHHAA MO JaHHLIM, IPHBEJECHHBIM B Tabm. 8.3, M NpyruM JaHHBIM, MOJTY-
YeHHBIM MOPH HCMOJB30BAHAM B KadeCTBE MapKepa ajutelied Jokyca pro.

ConocraBnenue du3ndeckod KapThl, MOIYYEHHOH METOAOM IpepBaHHOM
KOHBIOTAIlMY, ¥ TeHETHYECKOH KapThl, TIOCTPOCHHOW HA OCHOBAaHHH JaHHBIX
O 4aCcTOTEe peKOMOHMHAIMH, MOKa3bIBAET, 4TO | MHUHYTa HPOJODKHTEIBHOCTH
KOHBIOTAIMH COOTBeTCTBYeT 20 enuHUIAM reHeTudeckod kaprtel IlosnHas
juHa XpoMocoMsl E. coli coctaBnser 100 MunyT mim 2000 egusuI TeHeTH-
yeckod KapTthl. OnHa equHMNA KapThl COOTBETCTBYET npumepHo 1600 u.m.
O4eBHIHO, 4YTO PEeKOMOMHAIMOHHOE KAapTHPOBAaHWE YAOOHO JIMIIL IIPH
MAJIBIX PACCTOSHUAX MEX/y MCCICAYEMbIMH JIOKYCAMH, MMOCKONBKY MapKephl,
yhajeHHble ApyT OT Opyra 6onee, YeM Ha 3 MHHYTHI, PaCIICIUIIIOTCS NPaKTH-
YECKH HE3aBHCHMO, T.€. BeOyT ceOsl KaK HeCleIUIeHHbIE T'EHBL

TpaHCcOyKUMOHHOE KapTUPOBaHUE

PesynbTaTtel, 1omy4aeMsle Ipud peKOMOUHAIIMOHHOM KapTHPOBAaHUH MEpO3HU-
roT, XeJaTeTbHO MOATBEPXKIATh PEIHIPOKHBIMH CKPEMIMBAHUAMH, KAK 3TO
Jenanoce B clydae ckpelmmBaHui 6 n 7. OgHaxo cosgande mrammos Hr u
F ™, Heo6xoouMBIX I MPOBEAECHHS PEIMIIPOKHBIX CKPELIMBAHWN, 9acTo ne-
JI0 HENMPOCTOE, U B GOJILIIMHCTBE CIIy4aeB PeKOMONHAIMOHHOE KaPTHPOBaHHe
y E. coli npou3BOIUTCS IPYTHM METOJIOM, 2 HMEHHO, C HCITOJIb30BAHHEM Me-
PO3UTOT, BO3HHMKAIOLIMX NPU TPaHCAYKIMH YMepeHHbIM Gakrtepuodarom Pi.

ITocne Toro, xax Pl nrdunupyer uyBcTBUTENBHYIO KneTky E. coli, pa3Bu-
THE MOXET MOUTU JUOO MO JUTUIECKOMY MYTH, YTO NMPUBOIUT K NMOSBIICHUIO
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MOTOMCTBa (ara, mubo 1o myTH Ju3orenusanud. Ilpu obpasoBanun daroso-
ro HOTOMCTBA B TOJIOBKM 3pEJbIX HACTHIl ¢ MOMOIIBIO MeXaHH3Ma, obecrie-
YMBAIOIIErO 3aroJiHeHue ronoskd T4 MakcuManbHbIM kommdectBoM JTHK,
ynaxkoBbiBaroTca Monekybl JHK Pl nmporskeRHOCThIO mpumepHO 10° m.m.
B ormenbHLIX (arax mociIEeHOBATEIBHOCTH HYKJICOTHIOB IPEIACTABIAIOT CO-
60i IMKIMYeCKHE NIepecTaHOBKH APYr OTHOCHUTENbHO Apyra. MHoraa, ogHa-
KO, B ToJI0BKY ¢hara BMecTo ero cobcreennoit JJTHK ymaxoBeisaercs cpar-
MEHT XPOMOCOMBI KJIETKH-XO35MHA, paspylIeHHOH B mpolecce JIH3HCA.
Yactota ob6paszoBaHus Takux JedeKTHpIXx (aroBbIx YacTHI[ COCTaBISAET
okono 2:1000 motomkoB ¢ara. Jedextnole yacTunnsl (ara, coaepxaiiue
JHK E. coli MoryT ObITh BBISBJIEHBI NOCPEACTBOM TI€HETHYECKOTO aHaIM3a
npu Hanuuud B [JHK E. coli reHeTndeckux mapkepoB. Hanpumep, eciii Kjet-
Ka thr~ «uHdumpoBana» daroMm, comepxammm dparment JHK E. coli
¢ reHoMm thr*, TOo TeH thrt MOXeT BKMOYATLCH MYTEM peKOMOHHAIMU
B XxpoMocomy bakTepuu. B pedynbTate obpa3syeTcs mpoTOTpoGdHBIH peKOM-
GUHAHT, CIIOCOOHBIH K POCTY B OTCYTCTBHe TpeoHHMHa (puc. 8.17). ®ar P1
OCYILIECTBIAET OOy (HecmenuguIecKyro) TPaHCAYKIHIO; 3TO 3HAYUT, 4TO
OH crnocoOeH NepeHOoCHTh J100ble TeHbl OakTepuil. Takue daru cregyer otnu-
4aTh OT crenAdHYecKd TPAHCAYIUPYIoUMX (aros (K HAIM OTHocHTCS dar A),
KOTOpBbIe NepEHOCAT JTHILUb Te OaKTEpHAIbHBIE T€HBI, KOTOPHIE JIOKAIH30BAHBI
HeloJaleKy OT caiita MHTerpanmuu npodara.

Korga dar Pl pasmHoxaroT Ha kneTkax thr* leu™ azi®, u satem noxy-
4eHHBEIM npenapaToM ¢ara HHGHIMPYIOT penunuedTa thr ™ leu ~ azi®, To
gaure 3%, ot pekomGuHanToB TuHna Thr* obramaroT Takke ¢eHOTHIIOM
Leu*, n 5u omuA u3 Hux—denorunom AzR. Opmako, ecim oTOupaTth pe-
xkoM6unanTel Tuna Leu *, To 50% 3 Hux cocTaBnsior AzR. CrnenoBaTtesbHO,
leu™ Gomnee TecHO cueruieH ¢ azik 4em ¢ thr ™, ¥ rembl, MO-BUIMMOMY, Pacmo-
TIOeHBI B NOCIeA0BaTeNbHOCTH thr T leu * azi®. YacToThl COBMECTHOM TpaHC-
OYKIUH (KOTPaHCAYKLIHH) COOTBETCTBYIOIIMX MAapKepOB MOXHO HCIOIb30-
BaTh JUIA ONpeIe/icHus CTelleHW Ux crellieHns. Tor dakr, yro mumse 39
TpancAyuupyrommx Garos thr* comepxaTt Takxke rem leu, ykasweiBaeT Ha
TO, YTO 3TH T€HBI CTOJNL YAajeHbl Apyr OT APYra, 4TO PEJKO OKa3bIBAIOTCS
Bmecte Bo ¢parmente JHK, nonanaromem B ronopky dara Pl. Ha duzude-
CKOH KapTe, NOJIy4eHHOH METOJIOM IPEepBAaHHON KOHBIOTAIIMH, 3TU MapKephl
pacIioyiokeHbl Ha paccTOSAHMM OKOoJo 1/50 oT obmiedl TUIMHBI XPOMOCOMBL
6akTepun, 4To cocTaBigeT 6.4 -10% H.1. DTo HaXOOUTCSA B XOPOILEM COOTBET-
CTBHHM ¢ JAHHBIMH, COrJIaCHO KOoTOophiM Mosekyina JTHK dara P1 cogepxur
qyTh Menbpie 10° 1.1

Beipammas dar P1 Ha pasnuuHBIX [mTaMMax OakTepHil, a 3aTeM HC-
MOJIb3ys MOTOMCTBO ¢haroB NI TPAHCAYKIMHM COOTBETCTBYIOIIMX MapKepoB
B JIpyrHe UITAMMBI, JIEFKO NPOU3BOANTEL TPeX(haK TOPHEIE PEIMIIPOKHEBIE CKpe-
IUBAaHUA. B Takux sKcnepuMeEHTax MCNOJb3yeTcsl MyTaHT dara Pl, clear, He
CHOCOOHBIA K JIM30TeHM3anuu Oaktepuil. I[TonobOHbIE ONBITEI MO TPAHCAYK-
IUH C UCIIOJIb30BAHUEM PEIMIIPOKHBIX TPeX(haKTOPHBIX CKPENIMBAaHHA MO3BO-
JIAIOT ONpeAeNUTh NOCIEIOBATENHHOCT MYTAHTHBIX [E€HOB B XPOMOCOME
B TEX CIy4asx, KOrAa, Kak B MPUBOJUMOM HIXE NpUMEpPE, IKCIIEPUMEHTHI 110
KOTPAHCIYKIIHA HE MO3BOJIIOT 3TOIO caenaTh. Bee MapKepsl (rp TPaHCOYLH-
pyrotcs BMmecTe Oosiee 4deM B 80%, Bcex cmyyaeB. IlpencTaBneHHbie
B Tabn. 84 maHHBIE COAEPXAT 4ACTOTHI COBMECTHON TPAHCAYKIMH Cys ™
W 4eTBIpeX TECHO CIeEIJIeHHBIXx aykcoTpodor Trp~ . Yacrora coBMecTHOU
TpaHCAYKIAHA (KOTPAHCAYKIIMH)—3TO YacTOTa, C KOTOPOH KJIETKH pEeUIHNEH-
T4, NPHOOpETIIHE NPOTOTPOGHOCTL HO muCTewHy (cys ™), npuobperaror
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®dar P1

TipoToTpodHbIH XO35HH

|
thr o
XpoMocoMa KIIETKH - XO3HHA

!
P

/

Tpancoyumpyroumix
¢ar P1

AYKCOTpodHEIH X03AHH

_— N

‘/ PexombuHaumA

‘/ Henenne KieTKH

s

[IpoToTpodHbIE peKOMGHHAHTEI

Puc. 8.17. ITepenoc JJHK u3 nonoproii Gakte- mramMma. [locne uEdUOMpoBaHus daroM pery-
pHAILHON KJIETKH B DEUMIIMEHTHYO B De3ysbTa- MUEHTHOH KJIETKH CpEaH peKOMGHHaHTOB no-

Te TpaHcAykiuu ¢arom Pl. B nomynsuuu
TpaHcaynupyrommx ¢aros P1 MoxHO obHapy-
XUTb (haroBble YACTHIb, HECylMe JTroOble
ysactku Oaktepuanbroit JTHK poroprOro

CPEACTBOM cCIIEnMabHOH CEJEKIIMH MOXHO BbI-
IETUTh HOocuTeled xenaemoro ydacrka JJHK
JMOHOPHOH OakTepuu.
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Taénauna 8.4. KotpaHcayknus MyTandit aykcoTpodHOCTH mo Tpunrodany ¢ Mapke-
pom cys™

Kotpancayxknus
TenoTun AOHODpa Ienotun penu- CeJleXk THBHBIH Hecenek THBHBIH HECCJICKTHBHOTIO
[HEHTA Mapkep MapKep Mapkepa ¢
cys®, (%)
cys*trpE cys trpE* cys* trpE 63
cas*ttrpC cys trpC* cys*t trpC 53
cysttrpA cys trpAt cys* trpA 46
cys*trpB cys trpB* cys* trpB 47

Mo Yanofsky C., Lennox E.S. 1959. Virology, 8, 425

OIHOBpPEMEHHO aykcoTpodHocTh no Tpuntodany (Trp ~). Mepo3urotsl npu
3TOM CHepBa BHICEBA}OT Ha MHHUMAJIBHYIO Cpely, COASPXKAIYO TPHITO(AH.
ObpasopaBmmecs KOJOHHM IEpeNevyaThIBAIOT HAa MHHHMAJBHYIO Cpeny
¢ TeM, 4TOOBI BBISABUTL HE mpoToTpodHbIEe, T.€. obnajaromme ¢eHOTHIIOM
Trp~. Yactota KOTPAaHCOYKIHH MHO3BOJNAET YCTAaHOBHTH MOPSNOK T'EHOB
B xpoMocoMe cys-trpE-trpC-(trpA, trpB ), HO He 1103BOJISET YBEpEHHO OINpejie-
JUTh B3aUMHOE pacrojoxeHue trpA W trpB, Tax kak pasnuuue mMexay 46
u 47% (M. Ttabn. 8.4) cTaTHUCTHYECKH HEIOCTOBEPHO.

TpexdaxropHble CKpelMBaHUA ¢ yIacTHeM cys, trpE, trpB, cxemaTHYecKl
H306paxeHHble Ha puc. 8.18, mOATBEPXKIAIOT, UTO IeHbI PACHOJIOKEHBI B IO~

JIBoiHBIE KPOCCHHTOBEPHI YeTbIpexKpaTHbI K poCCHHTOBEP

Cafit CeneKTH -  Bo3MOXHEIE CARTHI Cait cenexTH -
pyemoro HECENEKTHPYEMBIX Pyemoro
KPOCCHHTOBepa KPOCCHHIOBEPOB KPOCCHHTOBepa
e A \
cys* trpE troB cyst trpE troB
Houop ~ 7 7
i I
Peuurmuent - 2 A4 A
cys- trpE trpB* cys- trpE* trpB*
Penxue
PexoMGHHaHTHBIE peKOMOGHHAHTHDIE
TE€HOTHIIbI Yucno T€HOTHUIIbI Yucno
cyst wpE  trpB 139 cvs® trpE* tpB 4
cyst opE  wpB* 18
cys* wpE* trpB* 141

Puc. 8.18. T'eHeTHHeckOe KapTHPOBAHHUE
MOCPEACTBOM PEKOMOMHAIMOHHOTO aHa-
JIM3a MEPO3UTOT, BO3HHUKLIMX B DPE3yJlb-
tate TpaHcayknud. OT6op Mapkepa
cys*t, OTHOCHUTENBHO KOTOPOrO HM3BECT-
HO, YTO OH TECHO CICILICH C trp,
MO3BOJIAET BBIAEIUTL KJIACC MEPO3MUIOT,
B KOTODHIE M3 [OHOPHOM KIETKM IONa-
naet ysactok JIHK, comepxammi Tak-

ke ¥ trp-Mapkepbl. Kpoccunrosep,

B pe3yJbTaTe KOTOPOro 3TO MOIJIO
npou30#iTH, 0603HAYEH IBETHOH CTpEJ-
KO#. B3amMHoe paclosnoxeHue HECENIek-
THBHBIX MapKepOB t{rp yCTaHABIMBAIOT
3aTeM MO 4actoraM 0ojiee PEAKMX pe-
KOMOMHAHTHBIX KJIACCOB, BO3HMKAIOUIMX
B pe3yJbTATE YETHIPEXKpPATHBIX 0OMe-
HOB.
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Puc. 8.19. Ilpumep uc-
NONL3OBAHUS pery-
MPOKHBIX CKpeLIBAHUN
IUTsl YCTaHOBJICHMSA

W TIOATBEPXKACHUA
P3aUMHOIO PacHoNIoxKe-
HHUS MapKepoB B TPEX-
(paxTOpHOM CKpelHBa-
MM [IpH TPAHCIYKIHH.
Jns onpenenenus mo-
ClIleNOBATEIBHOCTH [€HOB
BBIABJSIEOT OTHOCH-
TeJIbHBIE YACTOThI IBYX
YKa3aHHBIX DEKOMOM-
HAHTHBIX TEHOTHIOB.
Y4acTok, Ha KOTOPOM
NpOU30MIeT KPOCCHHIO-
Bep, 0603HaYeH IBETHOH
CTpeikoit, a Hambosee
PEPOATHOE PacIOJIOXKe-
HHE BTOPOrO KPOCCHHIO-
BEpa—vEePHOU CTPEIKOMH.
MeHee BEpPOATHBIE J1OKa-
JIM3aUMH KPOCCHHTOBEpPA
yKa3aHbl IYHKTHPHBIMH
CTpEJIKaMH.
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JKcermepuMeHT 1 YacTOTHE
E c+ 4 [EHOTHIIOB
Mocnepona- AN . ot A+
TeJIBHOCTD H ECTAT ZETC
MapkepoB | W S
ET ¢ A
CallT cenexTHPYEMOTO
KPOCCHHTOBEpPA
ct A4 E
Tocnegosa- ; N
TeJIBHOCTh | EYCtat >ECHAt
MapkepOB 1l A4
c At ET
IKCIEPUMEHT 2
E* C At
Mocnegosa - ~ x
TEJIBHOCTh ' : \JA/ EC+A+ >E+CHAY
mapkepoB | A2 AV .
E ct A
CaHT cereKTHpyemMoro
KPOCCHHTOBEpA
Tlocenosa - C A+ ET
TENBHOCTh ~
MapkepoB 1] i \;n/ EtctAat >ECTA?
ct 4 E

CenoBaTenbHOCTH cys-trpE-trp B. TlopsAnox reHoB MOXHO YCTAHOBHMTD, 3HAS,
YTO PEeKOMOWHAHTHBIA I'eHOTHII, MOABIAIOMMIiCA Hauboree penko, BO3HUKAET
B pe3yibTaTe YETHIPEXKPATHOro kpoccuHropepa. (CpaBHMTE 4acTOTHI IEHO-
tunos c¢ys ¥ trpEtrpB wu cys TtrpE*trpB.) PasmennTb pekomMOUHAHTHBIE
knaccel trpEtrpB ™" ,trpE ™" trpB u trpEtrpB, Kaxaplid U3 KOTOPEIX obnamgaer
deroTunioMm Trp ™, MOXKHO, HCHONDB3Yd CEJCKTURHBIE Cpebl, B KOTOPHIX OT-
CYTCTBYET TO WJM HHOE HNPOMEKYTOYHOEC COEJMHEHHE HA MeTaboIHYecKOM
nyTd 6uocuHTe3a Tpuitodana. ITytn OGmocHHTesa W mpepeIBaroIUe UX ayk-
coTpodHbie MyTaumu noapobHO obcyxparorcs B raase 10, cefiac mmul pac-
CMAaTpUBAEM 3TH MYTAIMH MPOCTO KaK TeHETHYECKHE MAapKephl, MO3BOJISIO-
IHe pa3yinyaTh HEKOTOPBIE TEHOTHIIBL

TpexdakTopHbIe CKpEIIMBaHUS B pe3yJibTaTe TpaHcayKuuH darom Pl mo-
3BOJIAIOT YCTaHOBUThL HA T€HETHYECKOH KapTe B3aMMHOE PACIIOJIOKEHHE BCEX
reHoB aykcorpodgHOocTH no Tpunrtodany: E, C, B u A. Pe3ynbtaTel pemu-
NIPOKHBIX Tpex(ak TOpHBIX CKPEIMBAaHMH MpencTaBieHsl B Tabir 8.5. B atux
CKPCLIMBAHHUAX BEKTOP CEICKTHPYEMBIX MAapKepOB 3ajaeT Y4acTOK, B KOTO-
pOM IpOU3OMIET eOUAMYHBIA nepekpecT. ITonoxkeHue y4acTka, B KOTOpOM
MPOM30IIEN BTOPOH HEpPEKpPECT, BBISBJAETCA NPH MCCICHOBAHUM YaCcTOT
KOMOUHANMA HeceJeKTHPYEMbIX MapKepoB. YcJIOBHEM BhIOOpa MapKepoB
It IpOBeeHus TPex(aKTOPHOIO CKPEIMBAHUA CIIyXKaT JaHHBIE O BO3MOX-
HOCTH MX KOTPAHCAYKIUH, MIOIYYEHHBIC B NPEABAPUTENBHBIX IKCIEPUMEHTAX.
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Tabauna 8.5. Onpenenenue B3aUMHOTO DPAacHOJIOKEHMS MyTanui aykcoTpodHOCTHM Mo Tpuurodany
nyTeM TpexhakTOPHbIX CKPEUIMBAHUH NPH TPAHCIYKIMA

B IMocaenoBaTenbHOCTS,
my  Tevomm  Lonomm o Colex  PecoMOunaWIWE 5 mocse. o ommocnicm:
JIOHOPaA [10BATEIb- HBIM 44CTOTaM
eHTa MapKepbl THBHBIX MapKepOB HOCTH HOCeICKTHABH bIX
MapKepoB
1 E*A*C A*, C* E 427 E-C-4 E-C-4
E* 120 C-A-E
2 EYA*C EAC* At C* E 241 E-C-4 E-C-A
E* 65 C-A-E
3 E*B*C B*, c* E 398 E-C-B E-C-B
E* 83 C-B-E
4 E*B*C EBC* B* E*C* 5 E-C-B E-C-B
EC* 87
E*C
EC 1561 C-B-E
5 E*B*A EBA™* B* E*A* 27 B-A-E
EA™ 6
E*A 1913 E-B-4 E-B-A
EA
6 E*B*A At B* E 15 E-B-A4 E-B-A
E* 107 B-A-E

Mo Yanofsky C., Lennox E.S. (1959) Virology, 8, 425.

Ha puc. 8.19 cxemaTmiecku H300paxKeHbl KPOCCHHIOBEPHI, IPUBO/IAILIME
K BO3HMKHOBEHHIO PeKOMOHHAHTOB, MOJYYEHHBIX B OKCIEpHMEHTax 1 U 2 u3
tabyumel 8.5. Beibop oMHON H3 ABYX BO3MOXHBIX IOC/IEAOBATEILHOCTEH TIe-
HOB OCHOBBIBAaETCH Ha CIEAYIOLIMX PAacCyXkIOCHHAX: 1) uem OJKe Hecesek-
TUBHBI MapKep K CEJeKTHRHBIM, TE€M MeEHbIIEe YaCTOTa HECEJIEKTHBHOTO
KPOCCHHIOBEPA MEXAYy HHMH; 2) YETBIPEXKPATHBIA KPOCCHHIOBEP IPOHCXO-
IUT pexe, 4eM IBOHHON. Takum obpa3zom, MOCKONBKY B IIepBOM M3 H306pa-
XEHHBIX Ha puc. 8.19 axcnepumernTte resorun EC " A* oGHapyxuBaetcs va-
me, eM E* C* A, TO reHbl pacloOJOXEHBl B MOCJEI0BATENLHOCTH
E—-C—A. ITpaBUIIBHOCTE TaKOH IIOCJIE/IOBATENBHOCTU IOATBEPKIAAETCA pe-
LUIIPOKHBIM CKPEIIMBAHHEM (IKCIEPUMEHT 2), B KOTOPOM TOXxe Haubojiee 4a-
¢TO BCTpedaerca reHorun ECYA ™.

KaptupoBaHHbIe T€HB! ayKCOTPO(MHOCTH MO TPHITOdaHy oOpasyloT ole-
poH (cM. 1. 15), B KoTopom MocneqoBaTeNbHOCTh PAaCHOJIOKEHHS IeHOB CO-
OTBETCTBYET IIOCIENOBATEIBHBIM OHOXMMHYECKUM PEAKIHAM, IPHBOISIINM
K cHHTe3y Tpunrtodana. Mpl yxe BHIETH, YTO MYTALUH, BIMSIOIIME HA yTH-
JM3AIUIO JTAKTO3bI, PACIONIOKEHBI B XPOMOCOME OUEHb OIIM3KO APYr OT Jpy-
ra (puc. 8.16). Takoe «xyuHOE» paclonoxkeHHe IeHOB, ONPEAEISIOMINX POJI-
CTBEHHBIE I€HETHYECKHE (DYHKIIMH—3TO OJMH M3 Hanbojee BaXHBIX (haKTOB,
oOHapyXeHHBIX TIpH M3y4eHHH TrEeHeTHYeCKOH oOpraHusanud OakTepHil.
BcroMANM, YTO KyYHOE paclosiokKeHHe FeHOB, ONPEAEIIAIOMNX POJICTBEHHBIE
¢dynxuun, Habmronanocs y 6aktepuodaroB A u T4 (rn. 7). Takas reseruue-
cKas OpraHM3aldsA He ciyyalHa: OHa, MO-BUAMMOMY, OTpaxacT (yHIameH-
TaJbHBIC OCHOBBEI PErylSlMH rEHETHYECKHX (DYHKUMH y IPOKapHOTHYECKUX
OpPrasn3MOB.
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O030p pe3yIbLTaTOB
reHETUYECKOI0 aHaJIM3a

B rnaBax 5-8 ™Mbl BHeNH, KaK FeHETUYECKHH aHAJIN3 MO3BOJISAET ONpPeAeIHTh
ObILYIO OPraHU3aNnIo0 TeHETHIECKOTO MATEepHANa y 3yKapHOTHIECKUX H IIpO-
KapHOTHYECKUX OpPraHH3MOB, U HX BHpPycoB. KoMIeMeH TallMOHHBINA TECT MHO-
3BOJIAET OTHOCHTb MYTAalMM K Pas3JUYHBIM (YHKIHOHAJBHBIM CIMHHIAM.
C nmomotbso peKoOMOMHANIMOHHOIO aHajM3a yAAeTCsl YyCTaHABIMBAaTh B3aWM-
HOE PaCIOJIOKEHHE 3THX EAMHMIl U CTPOUTHh I'€HETHYECKYIO KapTy, IpelcTa-
BIIOIIYIO cOOOM MOJENb XpOMOCOMHON opranu3anuu QyHKIMOHATBHBIX Te-
HeTHYECKHX €OWHHI.. MBI yBHIENH, 4TO TEeHETHYECKHE MOJICNTN OpraHH3aiud
HAacJIEACTBEHHOTO MaTepHasia O4eHb XOPOILIO COOTBETCTBYIOT peanbHON ¢u-
3uueckolt ctpykType JHK. Kpome Toro, Mu ybemumick B TOM, YTO I€HETH-
YyecKMH aHaj M3 MOXET HCIOJIb30BATHCH JJI M3YYCHHs HW3MEHEHHH TOHKOM
CTPYKTYPbI T€HOB — H3MEHEHHH, 3aTParUBarOLMX OTAEIbHbIC Hapbl HYKJICOTH-
JIOB.

B nocnenHel rnaBe IepBOl 4acTH MB! PACCMOTPHM, KaK [EHETHKH HC-
MOJIB3YIOT TEHETHYECKHE 3JIEMEHTHI NMPOKApHOT IS HCCIeIOBaHUs TOHKOWM
CTPYKTYPbI F€HETHYECKOH OPraHU3aIMH NMPOKAPHOT U IYKAPHOT. DTH HOBbIE
METO/IbI 3aJI0XKHJIA OCHOBBLI «PeKOMOHHAHTHOH PEBOJIIOIUH B HCCIIEIOBAHHI
JHK» u npuBenIH K HOSBICHHIO TeHETHYECKOH HEXeHepud. V3yuus ¢usnde-
CKYIO M [€HETHYECKYIO OPraHH3ai(Mi0 T€HOMa, BO BTOPOH 4acTH HAIllei KHUTH
MBI BEpHEMCH K PACCMOTPEHHIO MEXaHM3MOB (DYHKIMOHHPOBAHUS [CHOB M
K M3YYEHHIO TOTO, KAKHM OGPa3oM I€HBl ONPENENAOT ()EHOTHII OPraHH3Ma.

Hurtepatypa

Bukhari A.1., Shapiro J. A., Adhya S.L., eds., 1977.
DNA Insertion Elements, Plasmids, and
Episomes, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

Jacob F., Wollman E., 1961. Sexuality and the
Genetics of Bacteria, Academic Press, New
York.

Miller J.H., ed., 1972. Experiments in Molecular

Genetics, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.YY.

Yanofsky C., Lennox E. (1959). Transduction and
recombination study of linkage relationships
among the genes controlling tryptophan
synthesis in Escherichia coli, Virology, 8,
425-447.

KnroueBnie cjioBa ¥ MOHATHSA

Anaboymsm

Aykcotpod

Karta6osusm

Wnacepuus (1S)

Konbroramus

Kontvrorammonsas tpybOka
KonbroranmonsHoe kapTHUpOBaHUE
Korpascnyknus

Meposurora
HecenekTHBHBIE MapKkep
OO61as TpaHCOyKIus
IlepeneyaTpiBanue KOJOHUR
ITnasmuga

IIpepBanras KoHBrOramus
Pemvkon

CeneKTHBHBIA Mapkep
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Crenuduueckas TPaHCIYKIIHAA
Tpascaykuus

TpasCAyKIMOHHOE KapTHPOBaHHE
Tpancnoson

Tpancdopmanus

DakTop YCTONYMBOCTH K aHTUOMOTHKAM

Snucoma —
Hfr-mnramm
F-¢akTop
F'-muramm

F ' -lutamm
F ™ -muramm

3agaun

S.INHOCHCHOBaTCJILHOCTL nepefavyd TE€HOB
\\)Lpés’nmﬁmx Hfr-mirammos E. coli pa3zmuu-
Ha; 171 HECKOJIbKUX MTaMMOB OHa IIpeAcTa-
BneHa Huxke. IlocTpoiiTe Ha OCHOBE 3THX
JaHHBIX (H3WYECKYIO KapTy GaKTePHAILHOTO
resoma.

Hir-1aTanmm TMocJie10BaATeILHOCTD NIepeIaYn
reHOB
I ACE
II D BE
11 EBD
v CAD

/ -~

( 8.2.}@1;1 OIIpe/Ie/IeHHsI B3AMMHOTO PACIO-
noweHus TeHoB A, B, C u D Ha reHeTudeckoit
KapTe HCIONb30BAllA METOJ HpPEPBAHHOMN
koHbtoranuu. Hfr-mramm leut A+, BT, C,
D * Str® nepenarommii res leu* B camMoM Ha-
yaJjie CKPEIIMBAHUS, CKPEIMBAIM CO IITAM-
MoM F " leu™ A7 ,B~,C~,D Strf. Ompene-
JMTE B3AUMHOE PACNOJIOXeHHe reHOB A, B,
C u D, uctionnb3ys reust Strf u leu’ B xade-
CTBE CEJIEKTHBHBIX MapkepoB (puc. 8.20).

100 |

S R B N
10 30 60
TIponomKHTENbHOCTD KOHBIOTALMH  (MUH)

ima Leu* StrR (%)
W
=)
T

Jons MapKepoB cpenu
PeKOMOUHAHTOB

Puc. 8.20. I'paduueckoe MpeacTaBICHHE pPE3YIib-
TATOB CKPEUIMBAHMIL

{ 8.33[[}1;1 ornpeneseHus B3aUMHOIO PacIio-
TIOXEHHS HeCKOJIbKUX ayKCOTPOQHBIX MyTa-
nuid E. coli npoBoauiIu 3KCOEPUMEHT MO
NpepeIBAEMOMY CKPEIIMBAHUIO MEXIy Ipo-
ToTpodHbM mWTamMMoM HirStr’ u mramMmom
F-, A-,B~,D " ,Str®. B xauecTBe cCerek-
THBHBIX MapKepOB HCHOJIb30BaNIM YCTOHYH-
BOCTb K CTPENTOMHIKHY H NPOTOTPOdGHOCTD
no D. Onpenenute pacnoyiokeHUe reHos A
U B otHOCcuTENBHO D, cuurtast, uro D nepe-
JaeTCsl Ipu CKPELIMBAHUH ITOCIIETHUM.

TenoTHn kolonud Ions xononuit D* StrR(%)

D*stt

AtBY 22
AB* 10
A™B™ 68
A*B- 0

{zﬁ]m onpelesieHUs: B3aUMHOIO pacIo-

JIOXEHMS HECKOJBKHX ayKCOTPO(HBIX MyTa-
it E. coli ucnonb30BaJid JAHHBIE 110 TPAHC-
nykuuu harom Pl. IIpoanamnsupyiite npp-
BEJEHHYIO TAONUIly U YCTAaHOBUTE HOPSIOK
crnenytomux redoB: A, B, C, D u F.

Kotpancayk-

g LHS HEceseK-

Fenotun I;Eg;i‘j gg;ill(ﬁ THBHOTO Map-

JoHOpa eHTd MapKep Kepa AHKOro

THNA C CEJNEK-

THBHBIM Map-

kepoMm (%)

AYG* AG™ A* 80
AYD* A™D™ AT 30
AYE™ ATE™ A* 0
DYE* DTE™ D* 30
DYF* D F~ D~ 5
E*F* E"F~ E* 75




8. Baxmepuaabhblil 2eHoM

J
N

8.5. Mipu ckpemmpanuu F ~-muramMma
¢ pasmdyabiMu Hfr-iutamMmamu mocnenosa-
TEeNbHOCTE IIEpEHOCa TeHOB pa3yiMuHa. B Ta-
61MuEe TpUBOAUTCS MOPAIOK MepeHoca pas-
anyHeIMU  Hfr-mraMMaMB HeCKOJNILKHX Te-
HOB, PAcCIOJIOKEHHBIX HEMOMANEKY OT TOYKH
Hayaya (0). Ha ocHoBaHMM 3THX HaHHBIX IO-
cTpoiTe dusnyeckyro kapty baktepualbHOH
XPOMOCOMEI.

mI;I:;M ITopsnok mepeHoca IEHOR

H O—thr—leu—ari—ton—pro—lac—
—ade

4 O—thi—met—ile—mtl—xyl—mal—
—str

6 O—ile—met—thi—thr—leu—azi—ton

AB311  O—his—trp—gal—ade—lac—pro—
—ton

AB313  O—mtl—xyl—mal—str—his

! 75 TOro, 4TOBBI ONMPENETHTh HOJO0-
KOHHUE feHa arg7 T Ha KapTe Xpomocomsl E.
coli,” ipotorpodubiilt wramm StrSHfrd (cm.
YCJIOBHE MPeNbiAyIIEH 3a1a4n) CKpeIBaIH
co mwrammoMm F = Met~ Mtl ~ StrRarg7 ~.
[Mocne Toro kak CkpeLMBaHKe IPephIBAIOCh,
06pasibl KyIbTYPhl BLICEBATH HA YaNIKH, CO-
JepXaBIHe TJKO3Y B KauecTBe HCTOYHHKA
yraepoaa, CTPSNTOMHIME H aprHHUH (WjiH
meTnoHuH). [To npuBeneHHBEIM B Tabauue
JAHHBIM OIpelelluTe PacloIokeHHe TeHa
arg7*.

Yucno pekOMOHHAHTOB
Bpems 1o mpepeiBa-

B s G Arg* st Met*Str™

0 0 0

6 0 0

8 3 0

10 19 4

11,5 56 28

13 126 62

14,5 217 183

y, 8.7. CTyNeHT-TeHeTHK MOIYYHIl 3aJaHHe
OIIPeACNINTh IOJOXEHHE HA KapTe ayKco-
TpodHOH MyTaluHl, KOTOPY:O OH HA OCHOBAa-

17-1215
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HUU JAHHBIX [10 TPAHCAYKIIMH CYUTAET TECHO
CIIETUIEHHOH ¢ TeHOM his. OH CTaBHT KOHBIO-
ralMoHHOE CKpeluMBaHWe I1utamma Hifr
AB313 StrS,Ade " TI® (cMm. ycrosue 3agaum
8.5) ¢ aykcotpodHriM mTamMmom F~
Str® Ade * TIR TTocne MPEPLIBAHUS KOHBIO-
ranun o6paslbl CYCIIeH3NH OH BhICEBAaeT Ha
cpeny, COIEPXKAIIYIO IJIFOKO3Y U CTPENTOMU-
nuH. PekoMOuHaHTOB  OGHapyxuBaeTCs
OYeHb MaJo, ¥ UX HEJOCTATOYHO IJsA TOTO,
4TOOBl YCTAHOBHTL TecHOE chellienne. Co
CBOMMH TPYIHOCTSIMH OH ODpalaeTcs K mnpe-
nojgaBatento. ToT coBeTyeT eMy HCKIIOYHTH
U3 Cpelbl CTPEITOMUIIMH U MOBTOPHTH 3KC-
nepuMeHT. CTyIeHT MONB3YEeTCA COBETOM
U NIOJTy44€T Ha/IeXHble JaHHBIE, TOKa3bIBAtO-
1I1e, YTO T'eH, [I0JIOKeHHe KOTOPOro oH NoJ-
KeH OIpeNelNTh, MonaaaeT B F ™ -kieTku 3a
JIB€ MHUHYTHI 10 TreHa his. OOBACHUTE, YTO
6bL10 HENPaBUIIbHO B IEPBOM 3KCIIEPHMEHTE,
U [MoYeMy BO BTOPOM cliydae IKCIICPHMEHT
yaancs. Ilpeanoxnre npyryroo cxemy 3KcIle-
PHMEHTA.

8.8. M300pa3urte cxeMaTwyecku PpeKOM-
OMHAHTBI, KOTOpble MOTYT OBITH BBIACICHBI
u3 HoBoro I'-mramma, B kotopoM F'-ane-
MEHT CONEpXHUT TeHbl thr*leu™, a Gakre-
puaibHas XpoMocoma-—TeHbl thr ~leut.
O603HaubTe MMONOXKeHHE [TOJOBOro akropa
B KaXJIOM peKOMOMHAHTE.

8.9. ITpennoxure npa cnocoba onpenene-
HHUSA TOTO, MPUHAAJISKHUT JIN oToOpaHHas IIO-
cne ckpemmBanus Hfr u F 7 -mutammoB pe-
KoMOuHaHTHAS Konomus tuny F' wmu F .

8.10. YcraHOBIEHO, YTO ONpeAeTIcHHbBIHR
mtaMM E. coli, Tpebyronmii 11 pocTa Me-
THOHMH, COACPXKHUT B reHe met 31eMeHT IS1,
HHAKTHBHPYIOIIMH 3TOT I'€H U BBI3BIBAOLIMI
notpebHOCTh B MeTHOHHMHE. VI3 3TOTO 1ITaM-
Ma BBIIEJICHO MHOXECTBO CIIOHTAHHBIX My-
TaHTOB ¢ JeJICHHSMH, 3aTParuBArOIIMMH
CMEXKHBIH 10 OTHOILEHHIO K TeHy met OTlepoH
ilv. Hocurtenu atux pesenui, KpoMe METHO-
HUHA, HYXJAFOTCS TAK)KE B U3OJICHIMHE U Ba-
muHe. Kaxapli U3 mTaMMOB C OJHOH U3 Je-
Jenni UCMoNb3yeTcsl B Ka4eCTBe JOHOPHOIO
s Tpascaykuuu darom P1 mapkepos ilv *
B peUMIMEHTHBbIE mTaMMEl ilv~. Wcnomns-
3YIOTCSl pelMIHEHTHBIE IITaMMBI ilv4 ~,
ilvB™, ilvC™ wu ilvD~. B npuBogumoii Tta-
6smne ykazaHo NMPUCYTCTBHE ( + ) MK OTCYT-
cTBUe ( — ) pekoMOuHAHTOB ilv ™ B Kaxmom
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oneite. OnpenenuTe pacnolokKeHHEe MyTa-
i ilv ™ Ipyr OTHOCHTENLHO APYra H OTHO-
CUTENILHO TeHa met.

JloHOpH Penunuentst
ilv A~ ilv B~ ile C” ilv D~
1 — + + +
2 -~ + + -
3 — _ - _
4 - + + +
5 - - + -
6 - — — -

Hf ]

{ 8.11. MyTtanTe! thr u leu y E. coli—aykco-
Tpodsy, Tpebylomme AN pocTa TPEOHHMH
M JEHINH, COOTBeTCTBeHHO. MyTanus ara3
0o0OycloBIMBaET HECIIOCOOHOCTh KJIETOK HC-
MONB30BaTh apabUHO3Y B Ka4eCTBE HCTOUHH-
Ka yriepoga. B mpuBogumoii Tabiume yka-
3aHbI YaCTOTHl KOTPAHCAYKIMH 3THX IEHOB
¢darom P1. Kakas celnekTUBHAas cpena Hc-
[IOJIb30BAJIACh B KaXJOM cJiydae M KaKoBa
MOCJIeAOBATENLHOCTE TEHOB?

Jons KOJIOHHH, co-

Fenotun C€J‘ICKTHB- JACPWAMMX HECONeK-
PEUHITHEHTA HBIH MapKep THBHBIﬁ Mapl(ep (0/0)
leu*  thr* ara®
thrt 4.1 — 6,7
ara 3 leu thr leu* — 1,9 554
thr*leu™ — — 80,0

ara” 726 43 —

;

{ 8.12. Myrtauuu aral 1 ara2 o4eHb TECHO
creryieHs ¢ ara3. Bee oHu genarot Kietku E.
coli HecriocOGHBIMU K HMCIOJIBL30BAHUIO apa-
6UHO3BI B Ka4eCTBE €AMHCTBEHHOTO HCTOUHH-
ka yrnepoaa. Ins toro, 4To6Bl YCTaHOBHTH
B3aMMHOE PpAaCIOJIOKEHHE I3THX MYTAIHH,
I POBOIMIIH PEeLUNPOKHEIE TPaHCIOyK-
INOHHBIE CKPELIMBAaHUA, pe3yTbTaTel KO-
TOPBIX MpeAcTaBieHsl B Tabymmue. Bo Beex
clyvasx oOTOMpand pekombuHaHTbl Arat
U Cpeld HHUX ONpedelsUIH NOJIO HocHTeel
HeceJIeK THBHEIX MapkepoB leu ™ u thr *. Ka-
KOBO B3aHMHOE DPAaCIIOJIOKEHNE ITHX MapKe-
poB?

Hons xoJIOHHH, comep-

Penunuent Moxop HAHMMX HECEICKTHB-
HHIA Mapkep (%)
leu* thr

thr ara 1 leu ara 2 64.4 1,2
thr ara 2 leu ara 1 17,4 7.4
thr ara 1 leu ara 3 26,1 6,4
thr ara 3 leu aral 52,4 24
thr ara 2 leu ara 3 14,3 9,5
thr ara 3 leu ara 2 65,8 2.8

Mo Gross Y., Englesberg (1959) Virology 9, 314

8.13. Korna B KadecTBe PELUIHEHTHBIX
HCMOJIB3YIOTCA KJIETKH ara3, a NOHOPHKIMH
Krmetkamu Jist cara Pl cnyxart aral, ara2
WK KJIETKH OUKOTO THIA, u OTOHMparoTcs
TPaHCAYKTaHTBI Ara*, To Ha CeNeKTHBHOM
cpede HApAAy ¢ KPYNHBIMH KOJOHHSAMM MO~
SIBIAFOTCS. KPOILICUHBIE KOJIOHWH, HepasJiu-
YUMbIE HEBOOPYXKeHHBIM I1azoM. Chopmy-
TupyiTe runore’y ob HUX IPOUCXOKIECHHH.

8.14. KreTku HEKOTOpLIX IITAMMOB
Salmonella paratyphi NOIBHXHEI, TOCKOJILKY
obnamaroT KryTHKAME, KJIETKH JIPYIHX
LITAMMOB JIMIIEHBI KT'YTHKOB H HECIIOCOOHBI
K CaMOCTOSITeIbHOMY ABHxeHHt0. Par, ocy-
LIECTBISIOIMHA obmyro TPaHCAYKIUIO
y Salmonella (P22), BeIpanmBaroT Ha MHOI-
BIDKHBIX KJIeTKaX U MHQUIUPYIOT HM Hemo-
JBIKHBIE KieTKH. Korna mHGUUIUPOBAHHBIC
KJIETKH HEMOJBHXHOIO IITAMMA BBICEBAIOT
Ha HOBEPXHOCTh CTOJNONKA M3 MATKOTO ara-
pa, To mocJyie HHKYOanuu MOXHO YBUAETH TH-
HyInpecs Brioybb arapa oT HOBEPXHOCTH Ije-
MOYKM  MeJKUX  KojmoHmd  (puc. 8.21).

Puc. 8.21. Baxre-
pHaJIbHBIE KOJIOHUU
Salmonella paratyphi
B MpOOHpKE ¢ MATKHM
arapoM. [Lederberg J.
(1956). Genetics, 41,
845.]
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B kyIbTypax, BblICJIEHHBIX U3 3TUX KOJIOHUH,
BCE KJIETKM OKa3bIBAIOTCS HEIOABUXKHBIMH.
ObmpacHUTE.

8.15. TIpu HEKOTOpPBLIX CKpEIMBAHUAX
C y4aCTHEM JIM30reHHBIX ITAaMMOB Iipodaru
THIAa A MOTYT HCHOJIL30BATHCA B KauecTBe
0aKkTepuaJlbHOIO TIeHEeTHYeCKOro Mapkepa.
B Tabuinne mpeacTaBieHbl PE3yIbTaThl CKPe-
MBaHUs Mexny HenusoreHHsM [ (ly) ]

Hdons Henu3OTEHHBIX PEKOMGHHAHTOB

fTpogar Thr*Leu* Ste} Gal* st
A 0,16 0,82
21 0,01 0,10
82 021 0,89
434 0,11 0,68
424 < 0,01 0,03
381 0,025 0,15

mrammoM  HfrH, Str u mrammamu F -
Thr " Leu~ Gal~ StrR, JIN30TE€HHLIMH 1O
OHOMY W3 HECKOJBbKHMX Pa3jMyHbIX Ipoda-
ros, Hampumep, F ~ Thr Leu” Gal~ St}
(). Orbupatorcs pekom6buHanTel Thr*
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Leu * Str® umm Gal * Str® u cpenm Hux onpe-
nenstot poJiro (ly ~ )Hfr. O Hamuunu Mapke-
pa ly~ CymST 1mO 4YyBCTBHUTEJIbHOCTH K CO-
OTBETCTBYIOLIEMY (hary, IPYrUMH CJIOBAMM,
yTpaTa npodara pekoOMOGHHAHTOM HHTEpIIpe-
THpYyeTcA KaK HaJInYhe HeCeJIeKTHBHOTO Map-
kepa. Ha ocHOBaHMHM 3THX OAHHBIX ONpee-
JIUTE B3aMMHOE PACIOJIOKeHHe poharoB Ha
chusudeckoil kapre E. coli ¥ ux nonoxenue
otHocutensHo Thr " Leu* u Gal*.

8.16. TIpu ckpemmBanum mramma Hifr,
JM30reHHOro Ho ¢ary A, ¢ HeNM30TeHHbIM
F~-muraMMoM MoxeT MMeThb MecTO (heHO-
MEH, Ha3bIBAEMbIH 3U20Muueckolt uHoyKyuetl.
UTto 3TO TaKOo€ MOXHO IIOHATH, CPaBHUBAS
PeKOMOUMHAHTBI, IOJIy4aeMble B PEUUNPOK-
HBIX CKPEUIMBAHUAX MEXAY COMEPKaIlMMU
npodarn mraMmaMu HfrHStr® u F~,Thr~
Leu” ArBTIR Lac™ gal ~Str®, pesyapTath Ko-
TOPbIX OpuBeneHbl B Tabmume. OCHOBBI-
BasgCh Ha IIpeJCTaBICHHBIX B Tabmume
JAHHBIX O YACTOTE BO3HHUKHOBEHHS DPEKOM-
OMHAHTOB IPH 3UTOTHYECKOH MHIYKUHH, HO-
CTpoiiTe rUnoTe3y, OOBACHAIOIIYIO 3TOT e-
HOMEeH, 1 TIPEJIOKUTE TOCTAHOBKY 3KCIIePH-
MEHTa [ TPOBEPKHM Balledl THIIOTE3bI,

OTHOIIEHHE CeJleKTHBHBIE M HECENEKTHBHbIE MapKephi B RpeKOMSHHaHTax:

Cxpemupanue Thr* Leu* StrX thr*leu* strX (CenleKTUBHBIE) gal*str™ (cenekTHBHBIE)
Gal* s YacToTa HEceNeKTHBHBIX MapkepoB UacToTa HeceleKTHBHBIX MapKepPOR
azi®  ton® lac* gal* A thrtleut azi' ton® lact A)
HfftH(A)” x F~ (A)* 37 092 073 049 031 0,15 0,75 0,75 0,74 0,74 0,84
HfftH(A)* x F~(A)~ 54 0,86 0,60 021 0,025 0,001 0,82 0,79 0,78 0,74 0,01

17*
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MeTo bl

padOThI
¢ /IHK

HacnencrBennas uadopManns KooUpyeTcs I10C/IeA0BaATEIbHOCTEIO HYKIIEOTH-
noB B Mostekyiie JIHK. JIro6as skcnepuMeHTabHasi METOAMKA, ITpeIHA3HAYEH-
Hasl AJj1s onpeesieHns OCIIeI0BATEIbBHOCTH HYKAE0THIOB, TpeOyeT XUMHYECKH
qucTeix npenaparoB JHK. CnoBo «4ucTeIi» B JaHHOM cilydae O3HAYaeT He
TOJIBKO OTCYTCTBHE IIpUMecel APYrux THIIOB MoJiekyl, Hampumep PHK u 6e-
KOB, HO M TOMOTEHHOCTEL HYKJICOTHIHBIX IIOcienoBatesibHocTel. Bee more-
kyJiel JJHK B TakoM o6pa3siie 1oIKHbI ObITh OMHAKOBBI KaK [10 pasMepaM, Tak
U B OTHOIIEHHH I10CJIeN0BATEILHOCTH HyKJleoTnaoB. [lo 5ol npuunne nepsour-
MH JJ1 U3y4eHHSA reHeTHYeCKOH OpraHu3anMuy Ha YPOBHE HYKJIGOTHIOB GbUIH
BBIOpaHBI BHPYCHI MPOKAPUOTHUYECKNX ¥ 3yKapHOTHYECKHX OpraHu3MoB. I'e-
HOMBI BUPYCOB OTHOCHTEJILHO MAaJibl, # BUPYCHBIEC YACTHLBI MOXHO JOBOJILHO
JIETKO OTHAEUTD OT KJIETOUHOrO MaTepHaia eile 10 XUMHYECKOrO BhIIEICHUS
MHTaKTHBIX MoJiekyJt JIHK u3 BupycHbix yacTun. OMHUCaHHOE B IJI. 7 reTeponay-
IUIEKCHOE KapTUpoBaHue (ara A OCHOBAHO Ha YMEHHH [€HETHKOB BBIIEJATH
uHTakTHBIE Mostekyasl JIHK u3 pasnnunbix nuauit dara A, reHOMEI KOTOPBIX
C TeHeTHYECKON TOYKHM 3pEHHUS yXKe M3ydYeHEl. T0 XKe caMOe OTHOCHTCS U K HC-
CJIEIOBAHMSAM, TIOKA3aBIINM KOHIIEBYIO H3OBITOYHOCTh HYKJIEOTHIHBIX IOCTE-
nosatesibHOCTEH daros T2 1 T4 u nukInyeckue IepecTaHOBKU B UX Te€HOMax.

Hanporus, orpomuas ajmHa mostekya JHK 6akTepHaabHBIX XpOMOCOM
U XPOMOCOM 9YKapHOT AeNTAET 3TH MOJIEKYJIBI O4€Hb YS3BUMEIMH B OTHOUICHAH
pa3peIBOB NIPH HX BBIJAEJICHUH N3 KJIETOK. PasphIBel NPOUCXOAAT CIIy4aiHO
BIOJb NBOMHOM criMpasii, U B pe3yJbTaTe BO3HUKAET CJIOXKHAsA CMech Ooliee
Menkux MoJiekyn JIHK, oTinyaroumxcs Apyr oT Apyra JJMHON M IOCEnoBa-
TeIBbHOCTRIO HYKJIEOTHOB. M3BJleub U3 TaKol CMeCH XMMUYEeCKMMU METOJaMH
uHOpMaNuo 06 UCXOAHOH KOHKPETHOH NOC/IeNOBaTeIbHOCTH HYKJICOTHIOB
B MHTAKTHOH XpOMOCOME HEBO3MOXHO.
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B 1970 rony CMuT 1 Builkokc MOTyYHIM YUCTBIN NpenapaT HOBOTO THIIA
HyKJTeassl U3 Gaktepun Haemophilus unfluenzae. DTo cobbiTue OKa3anoch pe-
IIAFOIIMM 171 JanbHeHInX uccrenopanuil. Brlgenennas umu Hykieasa pac-
memnsiia Moaekynsl JJHK, paspeisast dochaTable CBS3M He B NPONU3BOJILHBIX
MECTax, 2 B ONpededeHHbIX nocAe006amesbHOCMAX HYKAeomudos. ITO OTKpPbI-
THE, a TaKXKe CO3JaHue METOIOB KJIOHMPOBAHHS OTHOCHTENBHO HeOOJIBIIMX
¢dparmerToB nByxuenoyeusoit JHK mpuBeno k «pekoMOMHAHTHOU peBOJEO-
nuu» B uccaenosanuax JJHK U mocilyxuiao ocHOBOH COBpeMEHHBIX T'eHETHYE-
CKHX ¥ GMOXUMHYECKuX uccieaoBanuil. Meton pekom6urantHeix JJTHK penmn
npobiyieMy nmonyyerus npenapatos JHK, conepxamnmx Mosekysl 0JuHAKOBO-
ro pasmepa 4 ¢ OJWHAKOBOU IOCIEIOBATEIBHOCTBIO HYKJICOTHIOB,

ITpexnae yeM nepedTH K NOAPOOHOMY PAaCCMOTPEHHIO 3TOI0 METOIA, MBI
CHavaJja O3HAKOMHUMCS ¢ HH(BOPpMannel, KOTOPYro MOXHO [OJIYYUTh [IPH CIIY-
yairoM pacuerieHun [JHK u, cOOTBETCTBEHHO, IPH UCCIEIOBAaHUH HEOOHO-
pONHOM cMecH HYKJICOTHAHBIX MOCeqoBaTeTbHOCTeH. XOTs nHOpMamnusi, mo-
Jy4eHHAs TAKUMH METOJaMH, HOCUT CTATHCTHYECKHH XapakTep, TEM HE MEHee
no 1970 r. oHa Urpaja BaXHYIO POJIb B ONMCAHUU OOIIMX 3aKOHOMEPHOCTEH
opraHusanuu nociemosarensHocTel JJHK MHOrHx opranusmos. Ota nadop-
Manus Ghlla MOoJIyYeHa U3 TCOPETHYECKHX M IKCIIEPUMEHTAJIbHBIX HCCIIeNOBa-
HUM peaccolManud omHouenodeuHslx ¢parmento JHK,

Kuneruka penarypauun JHK

Eciim KOMILIEMEHTAPHbIE IeNd HaTHBHOU aByxnenoveuynoi HK paspenuts
NOCPeICTBOM HarpeBaHHUs HITH B ILIEJIOUHOH cpefie, TO IIPH NpaBUJILHO BHIOpaH-
HO¥ TeMIlepaType ¥ KOHIEHTPAIMAX COJICH B PACTBOpE, OHH JOBOJIBHO JIETKO
CHOBa 00pa3yrOT NBOMHYIO CIIApanb, MBI yXe€ BCTPEYANHCh ¢ HECKOJIBKHUMH
NpUMEPAMH TaKOH peacCOLMAIMA Ipu OOCYXICHMM 0Opa3oBaHHs IeTepoay-
miekca JHK B rnasax 7 u 8.

B peaknuud peHaTypaluH, Kak okazaHo Ha puc. 9.1, MOXHO BBELICJIHTH JBE
oTaenbHbie cTaguu. IlepBas cTaaus—HyKJIealus —3aKJIIoyaeTcs B o6pa3oBa-
HUH BOJOPOIHBIX CBsi3ei MEXIy HECKOJIbKHMH, IPHHAIISKAIMMHE ABYM pas-

Hykneauus ”3acternsanme”
(peaxupst {peakums
H arp — BTOpOro n0pﬂm<a) TepPBOIO NopAmKa)
<«
HatuBnas HenarypupoBaHHas PenarypupoBanHas
JHK JIJHK JHK
Puc. 9.1. Ilocnenosatenbubie 3Tansl fde- Hasl peaknus, T.€. peaknus BTOPOro

HATypallMd M PEHATypanud (parMeHTOB  NopAnka; (2) 3acTerMBaHus, MpH KOTO-
JHK. Penatypanus tpebyeT oCymecTs-  poil BOJOPOIHBEIC CBA3H 0Gpasyrotcs

JICHUA OBYX OTACJIBHBIX pCaKI_IHI‘;II (1) MEXOY BCEMH OCHOBAHHUSIMH KOMILIE-
Hykneaum{—o6pa303aﬂm BOAOPOAHBIX MCHTApPHBIX HHUTEH; 3TO MOHOMOJICKY-
cBA3eH MEXAY ABYMs OJHOICHOYCHHBI- JIdpHas pEaKlHsA, T.€. PEaAKIHs NESPBOro

MH (parMeHTaMH; 3T0 OHMONEKyJIAp- nopsaka.
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Puc. 9.2. KuneTnka maeadbHO# peak-
MM BTOpOro nopsanka npu k, = 1. Mo
OpAMHATE OTJIOXEHA NOJA OAHOLEIO-
4eYHbIX (PPAIMEHTOB B PEAKIMOHHOK

dqana peakuud. Ilo abcuucce oTioxkeHa
BEJIIMYHHA cot, TAC ¢,—Ha4vallbHas KOH-
ueHTpauus oxuouenodeuroi JHK

B MOJIAX HYKJI€OTUAOB HA JHMTP.

CMECH IO IMPOMISCTBHH { CEKYHA OT Ha-

HBIM IeMAM KOMIIJIEMEHTAPHBIME OCHOBAHHMSAMHM; OCTaJIbHBIC B3aHMHO KOM-
IIIeMEHTAPHBIE OCHOBAHMS BLICTPAMBAIOTCA APYT IIpOoTUB apyra. Ha nannoi
cTaguu MPOUCXOOUT oOpa3oBanHue CBA3H MeXAY ABYMS Pa3HBIMH OAHOIEINO-
9EeUHBIMH MOJIEKYTaMH. 3TO PeaKkUsl BTOPOro MoPsaKa, ée CKOpPOCTh IIPonop-
nuoHaNbHA KBajgpaTy KorUueHTpanuun JHK. Bropas ctamus - peakuus «3acTe-
THUBaHHS MOJIHNI, IPH KOTOPOH YCTAHABIMBAIOTCS BOJOPOJHBIE CBSI3U MEXIY
BBICTPOCHHBIMHE JPYT IPOTUB ApPYra KOMILIEMEHTAPHBIMU HYKJICOTHAAMY. DTa
cTagus IpeacTaBnser coboi MOHOMOJIEKYIAPHYIO PEAaKLMIO; CKOPOCTh oDOpa-
30BaHHs BOJOPONHBIX CBsA3el nponoproHansHa koHleHTpanun JHK, 1. e. ku-
HETHYECKH SBJIAETCA peaKiuel neproro nopsaaka. Kakas U3 3THX ABYX CTamuid
HAET MeIJICHHEE H, CJICIOBATENILHO, ONpeaessieT ODIIYI0 CKOPOCTh PeHATYpa-
nuu JJHK, nomken pemats skcnepuMeHT. [lokazaHo, 4TO JTUMHUTHPYIOIIEH
SIBJISETCS CTaaus oOpa3OBaHMA NEPBBIX CBA3CH MEXAY LEMAMH.

3aBHCHMOCTb KOHIeHTpaluu odHonenodeunoil JJHK ot Bpemenu s mpo-
[ecce peaKiMH peHaTypaIMH OIHCBIBAETCA runepbosmyeckoi QyHKIHEH (BBI-
BOoa GOpMyYIIBI IPUBOAUTCS B nononaHerud 9.1). I'paduk 3aBUCHMOCTH KOHIIEH-
TpalH{H OT BpeMeHH NpH k, = 1 u3obpaxen Ha puc. 9.2. C IOMOIIBIO 3TOrO
YPaBHEHMs I10 BpeMeHH ({,), HeoOXOTUMOMY U1 peHaTypaIMH I10TOBHHBL HC-
xoauoro komuuectBa [IHK (c/cy = 0,5), MOXHO onpenensTh NoKa3aTeNb peak-
IIMH PEHATYPalMH (Coty;;). DTa BEJIMIMHA NPAMO NPONOPYUOHAALHA YUCLY HY-
Kaeomudos ¢ Henosmopawelica nociedosamesvrnocmy JHK, D1a 3axonomep-
HOCTb WILUTFOCTPUpPYETCA Ha pUC. 9.3 I HYKIIEMHOBBIX KUCIIOT, MOJIYYEHABIX U3
pasauuHbIX OOBEKTOB. JpyTMMH CIOBaMH, MBI MOXEM ONpPEIETHTb OOIIMi
0o0beM yHMKANILHO#M rereTudeckoi nabopmanun, koanpyemon JHK, nsmepsas
3HAYEHHE Coly ), | BoJlee TOTO, 3KCIIEPMMEHTANILHO ONPENENssA KPUBbIE PEHATY-
pauuu JJHK, Mbl MoXeM yCTAHOBHTb MPHUCYTCTBUE B FEHOME NMOBTOPSIOLLEHUCS
reHeTHYeCKOH MHGMOPMAITHHL.

Ha puc. 9.4 cpasanBatoTcs kuHeruka pesatypamyuu JJHK npokapuor n ay-
kapuoT. ObpaTtute BHUMaHNE Ha TO, yTO Kpusas peHatypamunn JJHK E. coli
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Puc. 9.3. B3aUMO3aBHCUMOCTb MEXAY 3KCIEPHU-
MEHTaNbHO ONpECNCHHBIMY 3HAYCHHAMH Cot,
H CAOXKHOCTHEI0 (N) UCHONL30BAHHLIX B 3KCIE-

pumente dhparmentoB JJHK. Ilpu dbuxcuposan-

HOM 3HA4YEHHH C, BPeMs, HEOOXOOUMOE AMst pe-
HATypalHH IIOJOBUHEI MOJIEKY], MPONOPIHO-
nansHO N. [Britten R.J., Kohne D.E. (1968).
Science, 161, 529.]
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Puc. 9.4. CpaBHeHHEC KMHETHKH peaccOUHalny
dparmentoB JJHK E. coli u dparmentos JHK
tenenka. ®opma rpaduka mns AHK E. coli
o4eHb ONM3KAa K TEOPETHYECKOH KPHBOM, IIpe-
CTaBJICHHOH Ha pHc. 9.2, YTO yKa3blBaeT Ha TO,
uyTto peHaTypauus JHK npoucxomut nmpu emus-
CTBEHHOM HEHU3MEHHOM 3HAUYCHUH KOHCTAHTBI
ckopocTH peaxuHy k,. HampoTum, rpadux kuHe-

Tukd JJHK xopoBbl no $opMe xa4ecTBEHHO OT-
IH4aeTcs oT m3o0paxeHHoro wa puc. 9.2. JHK
TeNeHKA CONEPXHUT IOCNEIOBATENILHOCTH peHa-
TYPHPYIOILIHE Kak ObICTpee, Tak U MeJIeHHEE
nocnegonatensHocTet JHK E. coli.

[Britten R.J., Kohne D.E. (1968). Science, 161,
529.]
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Puc. 9.5. Ha pucynke
B BHIE clleKTpa H300pa-

®eHa 4acToTa IOCJeno- \M\
paTenpHocTell JHK mui- i
IIH C Pa3jM4YHOH 1O- i
BTOpHOCTHIO. Hucio ko- :
HH KaXao0ro THIa Io-
CJIEqOBATEILHOCTH
OIICHHBAJIH IO KHHETHKE
penarypanun JHK Mbi-
LITH.
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IIOYTH TOXIECTBEHHA TEOPETHYECKON KPUBOH, NpeICTaBIEHHOH Ha puc. 9.2.
Tak kak TeopeTHYeCKas KpUBas [OJIyYeHA HA OCHOBE IIPEIIOJIOKEHHS O TOM,
4TO CKOPOCTh PEakIUM BTOPOTO Nopsaaka k, HEM3MEHHA, 3TO 03HAY4eT, 4TO pe-
HaTypanus ¢parmenTuposanHoid [IHK E. coli xapakTepusyercs olnpeeseH-
HbIM 3HaveHHeM k,. Uto xacaercs JHK TeneHka, TO, HAIPOTHUB, HEKOTOPbIE
(&bparMeHTHI peHaTYPUPYIOT CO CKOPOCTBIO, MHOTO B0JIbILIeH CKOPOCTH peHaTy-
pauun ¢pparmerTuposansoii JJHK E. coli, Torpa xax octampHas JJHK (okomo
60%) peHaTypupyeT MHOTO MeaieHHee. Ha ocHOBe 3THX HAaGIIONEHMIA MOXHO
3aKJIFOYUTh, YTO TEHOM 3YKapHOT (B JAaHHOM CJIy4ae T€HOM TeJICHKA) COACPKUT
KaK HYKJICOTHJIHBIE IOCJIENOBATEIBHOCTH, [IPSACTABICHHBIE B T€HOME JHUIIb
B SAMHCTBEHHOM 3K3EMILIAPE, TaK ¥ pa3jiMyHbie HYKJCOTUIHBIC NOCIENOBa-
TEIbHOCTH, Kaxasd U3 KOTOPBIX MHOTOKPAaTHO ITOBTOpeHA B reHoMe. Tak, Ha-
HpPUMED, OCHOBLIBASACh HA KPUBOH PEHATYPAI[HH, MOXHO [IOKa3aTh, YTO T€HOM
MBIIIH COAEPXUT CIOXHBIA HaOOp HYKICOTHAHBIX NOCIEAOBATEIbHOCTEH, Ya-
CTOTa IPEACTAaBICHHOCTH KOTOPBIX B FeHOME CXeMaTHYecku M300paxeHa Ha
puc. 9.5.

Oprasuszanusa 1 BO3MOXHbIE PyHKIIMH MHOTOKPaTHO IIOBTOPSIOIIMXCS HY-
KJICOTHAHBIX [TOCIEN0BATENbHOCTEH B TeHOME 3yKapHOT Obutn B 60-Xx roaax,
[OCJIE WX OTKPBITHS, IPEIMETOM akTUBHOTO obcyxxaerns. Oxoio 109, reroma
MBIIIH COCTABJIAET COBOKYIHOCTb TAHAEMHO PACIIOIOKEHHBIX [10CIEN0BATEND-
HOCTel npuMepHO U3 10 HyKieoTu 08B, oBTOpeHHBIX 10° pas (puc. 9.5). On
nocnenosatenpHocTd JHK okanu3oBaHbl NPEUMYIIECTBEHHO B OKPYXaro-
IIEM IEHTPOMEPBI reTepoxpomartuse. [loxapisiomee OOIBITHHCTBO 3THX 10-
CIIe0BATENLHOCTER, TO-BUAUMOMY, HIPAIOT KaKylo-TO pOib B CTPYKTYPHOH
OPraHu3anu XpOMOCOM, IIOCKOJLKY OHM He TPAaHCKpUOHPYIOTCS B [TOCIeN0Ba-
TeasHOCTH PHK. C npyro#i cTopoHbl, GOIBIIMHCTBO ITOCIEAOBATEIbHOCTEH
C He CTOJIb BBICOKOH OBTOPHOCTBIO paclipefeeHbl 10 BCEMY I'€HOMY M TpaH-
ckpubupyrorcs 8 PHK. IIpupona 31X nocienopaTesIbHOCTEH aKTHBHO H3Y-
qaetca MeTonaMu pekoMOUHaHTHBIX [THK, 0 KOTOpBIX MBI paccKaxeM B 3TOH
riase.
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Honomernune 9.1 Kuneruka penatypamuu JAHK

Dranel [OCIEAOBATEIbHONR  JCHATYpaIuu
u peratypamun JJHK cxemaTuuecku n3obpa-
xeHpl Ha puc. 9.1. PeraTypanus koMinemeH-
TApPHBIX OJHOIENOYEYHBIX MOJEKYJ B ABYX-
MENOYEYHYK NMPOUCXOAUT B ABa 3Tamna: 1)
HyKiIeanus (3amellyieHue), 2) 3acTerMBaHUE
(manoaobue 3acTexku-mosHuu). ITockompky
3anelIcHUE BKITIOYAET ABE OJHONECIOYECYHBIE
monekynel JTHK, ckopocTh peakmuu Inpo-

IOpIMOHANIbHA KBaJApaTy KOHIEHTpAIUH
JHK (u3sMepseMOMy O MOJIIDHOCTH Hy-
KI€OTHAOB) H, CIeaoBaTeNbHO, IIPEACTa-

BiseT COOOH peakiuio BTOPOTO INOPAAKa.
HanpoTus, B 3acTeTMBaHHH IPHHUMAET yYa-
CTHe yXe eIUHas ABYXIENOYSYHast MOJIeKyJIa,
Y [IOTOMY 3TO peaKius NepBOro Nopsaka, a
C TOYKHM 3PCHHMS MEXaHHM3Ma—MOHOMOJECKY-
JgpHas. OKCIEPHMEHTAJbHO peHaTypamus
JHK uaet B COOTBETCTBHU C KMHETHKOH pe-
aKmuu BTOpOro mnopsaka. ClenoBaTeNbHO,
JIUMUTHpYIOLWEH cTaauel sABJsgeTCS yCTaHO-
BIICHHE [IE€PBBIX CBS3€H MEXIy OIHOIEMO-
YeyHbIMH MOJEKYJIaMH (3alellICHUE).

IIycTb c—KOHIEHTpamuss  OJHONENO-
yeynbix MoJekyn JJHK B MOMEHT BpeMeHH t,
a C,—KOHIICHTpanMs B HayaJbHBIH MOMEHT
t=0. Toroa ypaBHeHHE pEaKlMH BTOpOIO
opsaKa, OIUChIBAIONEee YObIBAHUE KOHIICH-
Tpanuu oxHounenodeyHoi NHK, umeer Bupn

- % = k2C2, (1)
riae k, —NOCTOSAHHAS CKOPOCTH PEaKIUH BTO-
poro nopsaka, WM

dc
— —=k,dt.
c? z

HHTerpupoBaHue 3TOrO YpPaBHCHHUS [JaeT

1
— = kyt + const.
c

Npu t =0 ¢c=cy, cAEOOBATENbHO, CONSst =

1
=—. [loacTraBngs, noiayyaem
c
0

1 , 1

— =kt +—

c Co
18—1215

U

c 1

i @

co  1+kyeot’

BpeMsi, 3a KOTOpOe KOHIIEHTpanus yObiBaeT
BABOC (BpeMs IOJypeHaTypanuu), obo3Ha-
HaeTca ty;;,. U3 Opemblrywero ypapHeHus

1

055 = .
1 +kycptyn
OTKYyaa
1
c0t1/2 = _]—(— . (3)

2

Ha puc. 9.2 npeactasien rpaduk 3aBUCUMO-
CTM c/c, OT Cot, OH Ha3blBaeTcH
Cot-rpaduxom.

BetMyp u JI3BUACOH NOKa3ajaH, YTO KOH-
CTaHTa CKOPOCTH PEAKIUU BTOPOTO Nopsaka
peratypanuu JJHK k, obpatro nponopuuo-
HaimbHa N —4HUCIy HYKJISOTHUAOB B HENOBTO-
PAIOIIMXCS yyacTKax HYKICOTUAHON NOCe-
JOBATEIBHOCTH TAIIOMAHOro reHoma Ipo-
KapHOT. 3TO COOTHOIIIEHUE 3a1aeTcd GopMmy-
n0i

B aB3L0,5 (4)
= N s

rae L—cpenasee 4yMCIo HYKJIEOTHAOB B OHO-
nenouevyHoMm GparMenTe, f-cpenHss ILIOT-
HOCTh TOYEK, B KOTOPBIX YCTAHABIMBACTCA
CBS3b MeXIy ABYMs melaMH, o—kodddu-
nueHT. KoMOunupys ypasHenus (3) u (4), Mbl
BHIMM, YTO BETMYHUHA Cyly;, IPIMO IPOIIOP-
uuoHanbHa N. (a—ko3dbunmert nponop-
MMOHAIBLHOCTH):

Cotyjp = aN. (5)

BaxHOCTb ypaBHeHHA (5) AeMOHCTpHUpYyeTCs
PUCYHKOM 9.3, Ha KOTOpPOM IIpeaCTaBJICHbI
KpuBble peHaTypanuu ¢parmentos [JHK,
nonay4ernbx u3 mosekyn OQHK pasmuurOi
CIOXHOCTH.

Hns monexyn JHK, nis xoTopeix us-
BeCTHBI 3HaueHus L u N, xoaddunuent npo-
NOPIHOHATBHOCTU @ MOXXHO ONIPEACTUTH MO

ka
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Habopy 3HAYCHHH Cyly;, TOJNYYAEMBIX IIPH
pasIHYHBIX YCIOBHSAX O3KCIIEPUMEHTa (NIpH
pa3HBbIX TeMIlepaTypax ¥ HOHHBIX CHJIaX pac-
TBOpa). B 3TOM COCTOUT oauH n3 Hauboiee
BAXHBIX PE3yIbTATOB UCCICIOBAHUS KHHETH-
KH, 2 UMEHHO: UCNONb3yss OAMH M TOT Xe
HabOp YCJIOBUI 3KCIEPUMEHTA, MOXHO IO
3HayeHMIo a paccuutath N ang [JHK wens-
BECTHOM IIPUPOJIBL.

Ha puc. 9.4 cpaBHHBarOTCS KpUBLIE peHa-
Typanuu 6akrepuansaoil JHK n JIHK ayka-
pHOTHYeCKHX opraHu3Mos. [lo dopme xpu-
BOI BHUIHO, 4TO peHATypars OaxTepHasib-
Hoid JIHK mnpoucxoaut mpu HEU3IMEHHOM
3HAYeHUH KOHCTAHThl CKOPOCTH pEaKIuH
BTOPOro IOpsAAKa, T.€. B COOTBETCTBUH
¢ ypaBHeHHeM (2). Hanpotus, xpupas pena-
Typanuu JHK sykapuorudeckoro opranus-
Ma CBHJETEJIbCTBYET O TOM, YTO B IIPOIIECCE
peHATypaluy BETHMYMHA Kk, MOJDKHA H3Me-
HATLCA. 78 TOro, 4ToObl HMHTEpIPETUPO-

BaThb xpuBble peHaTyparuu JHK THvma uso-
OpaxeHHOH Ha puc. 9.4, cieqyeT npeanoso-
*uThb, uto B JJHK syxapunortudeckux kmeTox
IPUCYTCTBYIOT pPa3IN4Hble THIBI HYKJIEO-
THAHBIX TOCIEIOBATENbHOCTEH, pa3IHyao-
[IHMXCS CIOXHOCTBIO M 4aCTOTOH ITOBTOPOB.
Yacte AHK, peHaTypupyromas MeljeHHee
BCero (T.e. xapaxTepusyrollasics Haubonee
BBICOKMMH 3HAYEHHAMH Cyfy5), OTBEUAET
YHHKAJIBHBIM TOCJIEAOBATEIbHOCTAM, IIpel-
CTaBJCHHBIM B T€HOME OAHOKpaTHO. Ppak-
UM, peHaTypupyromue 0oJjee ObICTPO, CO-
OTBETCTBYIOT CEMEHCTBAM UISHTUYHBIX ML
o4YeHb OJIM3KMX MOCJIENOBATEILHOCTEH, Ka-
Xas U3 KOTOPBIX XapaKTepH3yeTcs olpeae-
JICHHBIM 3Ha4Y€HHEM KOHCTAHTHI CKOPOCTH,
OTpaxaloIMM CJIOXHOCTL (N) cemeiicTsa.
Homro reHoMa, 3aHITYIO MOCIEAOBATELHO-
CTAMH TOIO WJIM MHOTO THIA, MOXHO OIe-
HHUTb 10 OpANHATE rpaduKa, IpeICTaBIeHHO-
ro Ha puc. 94

Pectpuxkuus 1HK
1 pepMeHThl MO OU(PUKALIUU

[Tpaxtayecky Bce BUABI GaAKTEPHiA CHHTEIUPYIOT 110 OJHOMY MJIM IIO HECKOJIBLKO
THIIOB ClIeIMHUECKUX K OIpPE/IeICHHOR HYKICOTHAHOM [IOCIEA0OBATENLHOCTH
3HIOHYKJea3, KOTOpbIe 1enatoT pa3pe3bl B AByxnenouyeyHor JITHK. D1u sugo-
HYKJiea3bl Ha3bIBAIOTCA pecmpuyupyroujumu gepmenmamu (Uiu pecmpukmasa-
MU ), TIOCKOJIbKY HX OCHOBHAs (GYHKIUS COCTOHT, IO-BUIAHMOMY, B OT paHUYe-
Huu npucyrcTeus uHopoaHoi JJHK B GaxtepuanbHol kieTke (pecTpUKIHA
OykBaTIbHO O3HaYaeT orpanuyeHue). JJTHK kneTok, cuuTe3supyrommx GepMeHTh!
peCTpUKIMY, 3allIUIIeHa OT UX ACHCTBUS, MOTOMY YTO KIIETKH CHHTE3UPYIOT
Taxxe Monudumupyromue GepMeHTHI, BUIOUIMEHSIONME CTPYKTYPY CalTOB
JAHK, y3aaBaembix bepMeHTOM pecTpUKnuu. Eciu kieTka ¢ gedcTByrolleH cu-
CTEMOM peCTPUKIUH U MoaudUKanuu uHGHUIUpyeTcs paroM ¢ 3apaHee He MO-
nudunuposannoi JJHK, To BepodtHOCTL TOro, uto JJHK Takoro dara uxun-
UUUPYET UHGEKIHIO, HA HECKOJIbKO INOPSAKOB MeHbIIe, 4YeM s (ara
¢ mogudumuposannoil JJTHK. Hemonudumuposannasg JJTHK dparmenTupyer-
¢, YUCJIO GPArMEHTOB 3aBUCUT OT YMCIIa CAHTOB Yy3HABAHUS B COOTBETCTBYIO-
mei moiexyne JJTHK, a 3ateM dparmMeHTHl pacielUIsSioTcs 9K30HYKIIea3aMH.
Wspenka pepmenTsl kiretkn-xo3suna moaudunupyrot darosyro JJHK no toro
KaK €€ aTAKYIOT PeCTPUKTa3bl. B 3TOM ciyuae darosast uHOEKUUs NPUBOIUT
K JTM3UCY KJIeTKH. Bce MOTOMKH Takoro ¢ara coaepxat TOxe MOAUGUITHPOBaH-
Hyto JHK u cnocoGHBI ¢ BLICOKOH 3D DeKTUBHOCTLIO 3apaxaTh Apyrie Oakre-
prasbHBIE KJIETKH (C TAKOU K€ CUCTEMON PECTPUKIIMA U MoauduKanuu). M3yue-
HHE 3aKOHOMEpPHOCTeH (aroBol uHGMEKIMH U MIPUBEIO K OTKPBITHIO CHUCTEM
pectpukuuu u Moaudukanui JJHK u paspabortke MeTO10B HOIYIEHHS YUCTHIX
NpenapaToB COOTBETCTBYIOIMX (EPMEHTOB.
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Tabanua 9.1. IlocaenoBaTeIbHOCTH, Y3HABAEMbIE HEKOTOPHIMH DPECTPHKIHOHHBIMH 3HAOHYKJIE-

a’aMu
Yucno caitrop y3HaBaHUA
B BUPYCHOM reHOMe
Mukpoopranuam QepmcHT CaiT y3HaBaHUs SV40 A AneHoBupyc 2
i *
Escherichia coli KY13 Eco Rl 5 GAATT T CUJ¥ 1 5 5
CTT|A A G
1
\ *
Hemophilus influenzae R, Hin dIl 5 GT Py| Pu A C 3 7 34 >20
CAPTPul/PyT G
* N
"l
Hin dIII 5 A A cCT TJ3 6 6 11
TTC|G A A
T *
N
Hcmuphilus parainflyenzac Hpa 1 5 GTT A A C3% 5 11 6
CAA|TT G
N
1 .
Hpa 11 5 CC|G G 3 1 >50 >50
G G| C TC
N
Hemophilus aegyptiys Hae 111 5’ GG|C C 3 18 >50 >50
CC|G G
N

! 3BesnouKaMu HOMeyeHB OCHOBAHMH, KOTOPBIE MOrYT OBITH METWIMPOBAHB (epMeHTaMH Momudu-
Kauuyd. ManbIMH CTpenKaMM ykasaHbl pa3pesbl, NpOW3BOg¥MBbIe pecTpHkTazamu THoa Il [Inuuuas sep-
THKaJlbHAf JTHHMA—-OCh CHMMETpHH. Pu—nypun, Py-mupumumun.

Pasmepbl reHomoB: SV40-5224 H.1.; A—48 502 n.1.; aneHoBupyc 2-38 200 . 0.

M3BecTHO TPH OCHOBHBIX TUIIA (GEPMEHTOB PECTPHKIIMU. PecTpunupyromue
IHIOHYKJIEA3BI (PECTPUKTA3HI) IEPBOTO THIIA Y3HAIOT ONPEACICHHYIO I10CIea0-
BATEJIBHOCTb HYKJICOTHAOB U pa3pe3aroT Asyxuenoueynyro Monexyry JHK ue-
IoJajeKy OT 3TOHM IocienoBaTeIbHOCTH, HO CAMO MECTO pa3pe3a He CTPOro
cneruduiHO. DHAOHYKIEa3bl PECTPUKIMH BTOPOTO THUIIA Y3HAIOT ONpE/esIeH-
HYIO IIOCJIEAOBATEILHOCTh U Pa3pe3aloT ABOHHYIO CIIMpalb B ONPEACICHHOH
(buKCHpOBAHHON TOYKE BHYTPH 3TOH N0OCIEI0BATEIBHOCTU. DHAOHYKIIEA3b! pe-
CTPUMKIIMH TPETHETO TUIIA Y3HAIOT HYXHYIO [TOCIEAOBATENBHOCTD U pa3pe3aroT
JBOHHYIO CIIMpalb, OTCTYIIUB OIIPEIEICHHOE YHCIO HYKJICOTHIHBIX [Iap OT e¢
KOHAa. MBI B OCHOBHOM COCPEIOTOYMMCS Ha OOCYXAECHMM CBOMCTB 3HIIOHY-
KJiea3 BTOPOTO THIA, [IOCKOJIbKY MMEHHO OHH IIO3BOJIAIOT, BO-IIEpPBbIX, IIOJY-
4aTh npenapatel JHK, cogepxamme GpparMeHThI ¢ OJMUHAKOBBIMH NIOCJIEA0BA-
TEJILHOCTAMHU HYKJIIEOTHMIOB H, BO-BTOPBIX, KOHCTPYHpPOBAaTb XHUMEPHBIE
Monekynsl JHK, cocrosime U3 dparMeHTOB, B3SITHIX H3 pa3HbIX T'€HOMOB.

PecTpukTtasbl BTOporo THNA y3HAKOT NaJMHIPOMHBIE IOCJIEIOBATEIbLHO-
CTH — [TOCIIEAOBATEIbHOCTH, 001aJafolMe HEHTPATBHON CUMMETPHEH U CYUTHI-
BAIOIMECS OJUHAKOBO B 00€ CTOPOHBI OT OCH CHMMETpHU. PecTpHKTa3bl
TpeTbero TUila, HallpOTUB, Y3HAIOT ACUHMMETpHYHBIC caliTel. B Tabu. 9.1 npen-
CTaBJICHBI CAHTHI y3HaBaHUS I HECKOJIBKUX pecTpukTas. Kak ykasaHo crpen-
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Tabauna 9.2. XapaxTepucTHka CafiTOB, y3HaBa€MBIX PECTPHKTa3aMHU

depment

CaiiT y3HaBaHus

Ten 1 (N =7)

Ek 1

CHMMeTprumEs i (N = 6)

Bal 1
Bam HI
Bcl1
Bglll
Eco RI
Hin dlll
Hpa 1
Kpn 1
Pst 1
Pou I
Sma 1
Sac 1
Sac I
Sal 1
Xba 1
Xho 1

Buipoxpernbui cuMMerpranbiin (N = 6)

Acc 1
Aval
Hae 1
Hae 11
Hgi Al
Hin dll

Cummerpirmeii (N = 5)

Asul
Ava 11
Eco RII
Hin f1

TGG|CCA
G|GATCC
T|GATCA
A|GATCT
G|AATIC
A|AGCTT
GTT|AAC
GGTAC|C
CTGCA|G
CAG|CTG
CCC|GGG
GAGCT|C
CCGC|GG
G|TCGAC
T|CTAGA
CTC|GAG

GT|(A/CYGIT)AC
C|PyCGPuG
(A/TYGG | CC(T/A)
PuGCGC | Py
G(T/A)GC(T/A) | C
GTPy | PuAC

G|GNCC
G|GAT)CC
| CC(AT)GG
G|ANTC
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I poooancenue maba. 9.2.

®epment Ca#T y3HaBaHHS

Cummetpuunnii (N = 4)

Alul AG|CT
Fnu DII CG|CG
Hae 111 GG|CC
Hha 1 GCGIC
Hpa 11 C|CGG
Mbol |GATC
Tag 1 T|CGA
CumMmeTpHYHBIA
MeTHnupoBannbii (N = 4)
Dpn 1 G™ATC
Msp1 C(™C/IC)GG
Type 1II

Accumerpuuneiit (N = 5)

GACGCNNNNN(3")

Hga 1
CTGCGNNNNNNNNNNI(5")
GGTGANNNNNNNNI(3")
Hph1
CCACTNNNNNNN]J(5")
GAAGANNNNNNNN]|(3")
Mbo 11

CT T CT NNNNNNN|(5")

! Mna ¢epmentoB Thma Il mocaenoBaTENbHOCTh MPEACTABICHA JHILbL B OJHOM
[ENH; KOMIUIEMEHTAPHYIO HOCIE0BATENLHOCT MOXHO XOCTPONTh. BepTHkanbHas mn-
HHA 0003HaYaeT NOJIOXEHHE, B KOTOPOM paspbiBaroTca (ocpoausbupHbie ceasu. 3Be3-
[OYKH YKA3L[BAIOT OCHOBAHHS, KOTOPBIE MOTYT GBITH METHIMPOBAHBI COOTBETCTBYIOLIH-
MU depmeHTamMH MogHOHKAIIMH.

2 Coenudpuueckuit cafit ysuaBauua Dpn | comepXHMT MeTHIHPOBAHMBIH AJSHHH
("A), Torma kak caiiT Mbo I coaepKHUT HEMETHIMPOBAHHOE OCHOBAHHE.
Msp 1 y3HaeT yka3aHHYIO HOCJICAOBATECIBHOCTH HE3aBHCHMO OT METHJIHPO-
BaHHOCTH BHyTpenHero C; Hpa 1II, HampoTus, y3HaeT Ty k€ MOC/IEqOBATEIIb-
HOCTh JIMIIL B TOM CJy4ae, ecJIi BHYTpeHHHH C HE MCTHJIMPOBAH.

KaMH, TOYKa pa3pe3a ABOMHOH ClIMpaiy MOXET COBIAAATh C OCbK) CHMMETPUH,
a MOXeT OBITh CABMHYTA OTHOCHTENIBHO Hee. B mocnenseM cnyyae o0pasyrorcs
KOMILJIEMeHTapHbI¢ KOHITBI,  ME&XIY COOTBETCTBYIOIMMHU OCHOBAHUSAMH MO-
TyT CliepBa yCTAHABIUBATBLCA BOAOPOJHBIE CBA3Y, a 3aTeM nocpeacrsom JTHK-
JIUTa3bl IPOUCXOAUTH CIIMBKA (ParMEHTOB C BO3HUKHOBEHHEM KOBAJICHTHBIX
cBA3eH Mex Ay COCeIHUMH HYKJICOTUAAMHU. 3aIMTa OT IOBTOPHOTO pacCILeILIe-
HUS pecTpUKTa30# obecrneunBaeTcs hepMeHTaMu MoAUUKAIIMY, METHIHPYIO-
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MMU HEKOTOPHIE OCHOBaHUS B caliTe Y3HABAHMS: COOTBETCTBYIOMHE OCHOBA-
HUS TIOMEYEHbl 3BE3JOYKOH. METHIMpPOBAHHE NPOUCXOMUT IOCIE TOro, Kak
cooTBeTCTBYIOIMH HykiaeoTun Brirodaercs B JJHK B npomecce pernukanum.
OTH bepMeHTHI MOTYT [eCTBOBATH JIMOO Ha HEMETHIIMPOBAHHEIE, TMOO HA 110-
JIYMETUIIMPOBAHHbIE CAMTHI; IpX 3TOM B IIPOIECCE NTOJTYKOHCEPBATHBHON pe-
IUMKanuMu o6pa3yroTcs MOJHOCTHIO METUIIMPOBAaHHbBIE CAWThL

W3 pa3nuyHbIX BUAOB ¥ ITAMMOB OakTepuil BbIIEJIEHO M OYHILEHO Goliee
175 pa3nUYHBIX PECTPUKTA3, A1 KOTOPBIX U3BECTHHI CalThl PECTPUKIMHU. Bhisi-
Biero Gonee 80 pa3nUYHBIX TUIOB CaHTOB, B KOTOPHIX NIPOHCXOAMT pa3pes
asoiieoi cnupanu [JHK. B tabavne 9.2 npuBenena ux xkiaccuduxanus. Oyuk-
[US1 HEKOTOPBIX U3 3THX ()epMEHTOB IIOYTH HABEPHSIKA COCTOHT B 3AILUTE KJIET-
KH OT INpPUCYTCTBUA 4dyxepoaHod Hemoaubpumuposannon JHK. Omnako,
B KJICTKax HEKOTOPbIX BHIOB OAKTEPUH OSH/IOHYKIEa3bl PECTPHKIUM XOTH
H IPUCYTCTBYIOT, TEM HE MeHee, OHH, NO-BUAMMOMY, HE OTPaHUYMBAIOT MPO-
uukHOBeHue yyxepoauoi JJHK in vivo. BeposTHO, 3Tu bepMeHTHI OCYIIECT-
BJISIOT KakMe-T1O uHble dyHkuuu, Kak 661 TO HM GbLIO, peCTPUKTA3bI HE3ABHCH-
MO OT uX GOYHKHMI in vivo CiyxaT MOIUHBIM UHCTPYMEHTOM CTPYKTYPHOIO
aHa 32 TEHOMOB,

Pectpuknuimonusit aHanu3 mMoJiekyia JJHK

OrpomMuble BO3MOXHOCTH PeCTPHKTA3 MOXHO NIPOMJIIIOCTPHPOBATH Ha Clie-
OyroIeM MpuMepe. PaccMOTpUM IBYXHEIOYEUHYIO PEIUIHKATUBHYIO GopMy
Haxrepuodara ¢X174. Ox cOxepKHUT ABa KOBAICHTHO CBSI3aHHBIX KOMILJIEMEH-
TAPHBIX KOJbIA, U3 5386 nykineoTHIOB Kaxnaoe. Yucreli npenapar JHK co-
CTOUT U3 TOMOTEHHBIX MOJIeKYJI ara. Tenepb npeacTaBuM cede, 4TO 3TOT INpe-
napaT HOJBEPraeTcd NCHCTBHIO 3HIOHYKIIEA3bl, OAHOKPATHO pa3pe3aroei
JIBOMHYIO CIIUpaJTh KOJbIA 6€3 KakKoH-TM60 clienmMPUIHOCTU B OTHOIIESHHH TOY-
K4 pa3pe3a. B pesyabrate Mpl nosydyuM npenapatr JHK, comepxanmid siu-
HeliHble MOJIEKYJTBI 5386 pa3mTUYHBIX TUIIOB, T. €. [Ipeliapar, COBEPIICHHO Hecro-
JIE3HBIH ¢ TOYKM 3pEHHs aHaIM3a HYKJICOTHAHBIX NOCISIOBATENBHOCTEH.
HanpoTus, eCiiu IpH 3TOM UCIOIb3YETCS pecTpukTasa Pst I, paspesaroinas na-
suaApoMHYyIe nocaenopaTenbHocTh GTGCAG (BbiUcaHa [MOCIIEIOBATENb-
HOCTDb HYKJICOTHIOB JIMIIIb B OJHOH IeNH ABOHHON cOMpad), TO NOJIYYaeTCs
TOMOTeHHBIH NpenapaT guHeldHbx Moaekya JHK gmuroil no 5386 myxneoru-
JIOB Kaxx/jasl, YIOPSAOYEHHBIX B OJHOH H TOH Ke NOCIeN0BaTEIbHOCTU. ['eHoM
$X174 coaepXuT JMIIb OIUH CaHT, y3HaBaeMbIi pecTpUKTa3oi Pstl

B rerome ¢$X174 ecth caiiThl, y3HaBaeMble MHOTUMHU JAPYTHMH (pepMeHTa-
MU, TepeYucaeHHBIMU B Tabur. 9.1. KonuuecTBo ¥ Tokann3anus caiToB 11 Ka-
KJIOM PEeCTPUKTA3bl CTPOTO onpeneneHbl. TakuM obpasoM, Bo3aelicTBHe Ka-
KUM-TO GepMEHTOM NIPUBOAMT K 0Opa30BaHUIO yKe H3BECTHOIO KOJIHYECTBA
oparmentoB JJHK dukcuposannoro pasmepa. Pasmep kaxaoro tuna cpar-
MEHTOB MOXHO V3HAThH ¢ IIOMOIIBIO 3JekTpodope3a B rene: Meiakue Qpar-
MEHTHI IEPEMEILIAIOTCH B relie GpICTpee KPyNHbIX. Tak Kak pparMeHTHl Kax /10~
IO THIIA XapaKTePU3YIOTCA OAMHAKOBBIM pa3MepoM U OAMHAKOBOH nocienosa-
TENBHOCTHIO HYKJICOTHIOB, TO HYKJIEOTHIHYIO IOCISAOBATENBHOCTD B KAX0M
U3 HMX MOXHO OIIPeesIATh OTAEIBHO, HA BbIAEICHHOM IIOCPEACTBOM 3J7EKTPO-
dopesa B rene npenapare. [lonayro NOCIEI0BATENBHOCTh HYKICOTHAOB B Te-
HOME MOXHO 3aTeM «coOpaTh» H3 NOCICAOBATEIbHOCTEH OTACIBHBIX (bpar-
MEHTOB, €CJIH 3HATh IIOCIEAOBATEIBHOCTh CAMHX (GparMeHTOB B TEHOME.
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Puc. 9.6. Daekrpodope-
THYECKMH aHaM3 pe-
CTPUKIIMOHHBIX (parMen-
ToB JJHK. JHK ¢ara

A HMHKYOWPOBAIH ¢ pa3-
JIMYHBIMH YKA3aHHBLIMH
Ha PUCYHKE DECTPHKTa-
3aMH BpEMS, JOCTATOY-
HOE ANl TOrO, 4YTOOKI
BO BCEX 4YBCTBHUTENBHBIX
caiiTax IPOH30ULLIO pac-
WENIEH e HYKJIEOTHIHOM
HOCTICAOBATENEHOCTH.
OO6pa30BaBlIyIOCH CMECh
¢parmentos JHK mon-
BEPrany 3JIEK rpogopesy
B arapo3HoM rene. [lo-
JIOCHI HACHTH(QUIMPOBA-
I B yIbTPaguoneTo-
BOM CBETE IIOCJIC OKpa-
IOMBAaHUA Teist Gpo-
MHCTBIM 3THAHEeM. CTap-
TOBHIE TOYKH 0003Ha-
YCHBI XKHPHbIMHU CcTpeII-
kami. MaTakTHas JJHK
tdara A mpeacTaBiseT
coboil THHEHHYIO MOJIe-
KyJly JJIKHOH OKOJO

43 500 H.11. Ilpu neit-
CTBHH pPECTPHKTA3hl
Bglll Bo3HuKaroT ¢par-
MEHTEI JUIHHOM 22800,
13600, 9800, 2300 u.1.
(OHH OTMEYEHBI TOHKH-
MH cTpeskaMu) 1 460 H.m.
(HepazTHYuM).

—_—

nexrpodopes

Kourpone Aval Avall Eco RI

Hin dllI

Hpa 1

Bgl 11
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I'eroM dara X174 npuHAAIEKUT K YUCIIY CAMBIX MEJIKHX U HAanboJsIee XOPOLIOo
M3y4YeHHBIX (CM. I 7), ¥ MMeHHO Ayid 3Toro reHoma B 1978 roay Onuia
MOJIHOCTBIO ONpe/IieNieHa MOCAe OBATENBHOCTL HYKJICOTHAOB C IIOMOIIBIO OIH-
CAHHOTO BbIIIE Ioaxoaa (cM. i 12).

dar A Takxe IPeACTaBiSeT cOOOH XOPOUIHil HPpUMEpP TOTO, KAaK MOXHO HC-
N0JIb30BaTh (GparMeHThl, OGPA3YIOIIHECsS NpH PECTPUKIUM (PECTPUKTHI) IS
OIMCAHMS CTPYKTYPHI TeHOMa Bupyca. Ha puc. 9.6 MOXHO BUAETh YHUCIIO U pas-
Mepel @parmenTos JIHK, obpa3syrommxcs mpu nedCTBUM HECKOJNBKUX pas-
JHYHBIX PECTPHKTA3 Ha FEHOM 3T0T0 (ara. [Tocne0BaTeIbHOCTh YPArMEHTOB,
00pa3yIOMHMXCS NpU ASHCTBUH ONpeAeIeHHONH peCTPUKTA3bl, MOXHO OIpese-
JIUTh C MTOMOIIBIO COYETAaHUS HECKOJIBKHX METOIOB, [EJb KOTOPBIX COCTOUT
B IIOCTPOEHMH KapThl CaiiTOB pecTpUKIUH redoma dara A. Ha puc. 9.7 cxema-
THYEeCKH U300paxeHa xapTa caiitoB Eco RI u HindIll Ha done reHeTHyeckoi
U Odusnyeckoil kapr reHoma dara A

ITocnenoBaTeIbHOCTD OOPA3YIOIUXCS [IpH PECTPHKIMY GParMEeHTOB B HH-
rakTHOM MonekyJie JJHK MoxHO ycTaHOBUTH HeCcKoIbKUMH ciocobamu. [Tpe-
XKIE BCETO MOXHO MCIIO/Ib30BaTh HenosnHoe pacierieHre JIHK saponykmea-
3aMd ¥ INOCIeAyrolnee pasgeseHde (parMeHToB asekTpodope3oM. 3ateM
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Puc. 9.7. A. ®Ouzuueckas A4

xapta JHK ¢ara A, na ; 1 5
KOTOpoit ykasaum: capiter N Eco Rl caiimat

E C’T 4 S

q!p k

A’ ‘m

h Gn j r| |
pecTpuxnud a1 Eco RI
u HindIIl. B. Pasmepsr A Hindll caitrer A TFrE ‘ B G _,H(_ C D
¢dparmen10B, obpasyro- 1 2 3 45 6
mMxcst Mpu aedcTeun (1)
HindIII; (2) EcoRI u A ; y ; (31, , o
. a re [
(3) HindIIl u EcoRL — T T 71— £ T
[Murray K., Murray N. o 10 20 30 0 50 60 70 80 90 100

(1975). J. Mol. Biol., 98,

551.]

BBbIJIeJICHHBIC U3 371eKTpO(QOPETHIECKOTO resst KpYNHbIe GparMeHThl CHOBA [10-
BepraroT JeHcTBHIO TOro ke (epMeHTa M OCpeACTBOM aiekTpodopesa ycra-
HaBIMBAIOT HIEHTUYHOCTH ODpa3syrommxcss MeJkux ¢parmeHToB. C apyroit
CTOpOHBL, $ParMeHThl, BO3HUKIINE B Pe3y/bTaTe MOJHOIO PacIUEIUICHUs HOx
JIeicTBUEM oaHOTO GepMeHTa, MOXKHO M3BJIeYb M3 Telsl, 00paboTaTh BTOPOI
PECTPHKTA30H M ONMPEESNUTh 3aTeM € IOMOINBIO 3NEKTPOoGope3a pa3Mepsl
00pa3zoBaBmIMXCcA MEIKHX hparMeHTOB. Tak, HalpuMep, U3 puc. 9.7 BUAHO, YTO
BoleneHde dparmenTa A nox aelictsueM pectpukrasel HindIII u nocaeayro-
mas obpaborka Eco RI npusoast k o6pa3zoBanmo GparmMeHToB A’ U m, BO3HU-
KalOUMX U NPH OJHOBPEMEHHOM BO3AECHCTBUH 00OUMHM depMeHTaMU.

ConocTasiieHHe KapThl PECTPHKINHU C TEHETUYECKOH KapToi MOXHO OcyIie-
CTBUTH, NeHCTBYS pecTpukTazamy Ha JJHK, BplaeneHHYo U3 pa3/IMYHBIX MY-
TaHTOB (ara A ¢ U3BECTHBIMY AEJENHIMHU U nepecTpoiikamu B redome. Cpas-
uuBasgs ¢parmentel JTHK ¢aros auxkoro THmA U MYTAHTHBIX, MOXHO
onpenensTh YYaCTKH T€HETUYeCKOM KapThl dara A, B KOTOPOH JTOKaJIU30BAHBI
COOTBETCTBYIOIME (PparMeHTHL.

ITocTpoeHKe peCTPUKIUOHHO KapThl FeHOMA AA€T BO3MOXHOCTD pa3pabo-
TaTb CTPaTETHIO ONpEeNCTCHHS OCISAOBATEIbHOCTH HYKJIEOTHAOB B TEHaX,
IpeACcTaBIsgIOINX OCOOBIN NHTEpeC. B pe3ynbTaTe AeHCTBUA HECKOIBKMX pa3-
JAYHBIX (epMeHTOB 00pa3yloTCs CPaBHHTEIBHO MEJIKHE IIePeKpbLIBAIOIINECT
dparMeHTsI, conepxanme He 00see HECKOIBKHX COTEH HYKJICOTHUAOB. DTH
(dbparMeHTH MOTYT OBITH BLLAENICHBI B YUCTOM BUAE, H B HUX MOXKeT ObITH yCTa-
HOBJIcHA NOCIeN0BATEILHOCTh HYKICOTUAOB. 3aTeM, 3Has B3aUMHO NEpeKphl-
BAIOIIMECS YIACTKU OCIEAOBATEIBHOCTEH, MOXXHO BOCCTAHOBHTH ITOCIIESI0BA-
TeIIbHOCTh HYKJICOTHAOB B KPYNHBIX ¢parMeHTax H B TeHOME B LEIOM.
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OrnpenesieHne Mocaeq0BaTeIbHOCTH
uykieotunoB B JJHK (cekBeHupoBaHue )

s onpeneneHus MOCIEAOBATEIbHOCTH HyKiIeoTuaoB B JIHK Gbuto co3nano
HECKOJIBKO MeTOJ0B. BO BCcex 3THX Meroaax HepMEHTbl peCTPUKIIMH HCIIOIb-
3yroTcs a8 QuKcanuu criemudUYecKUX «To4yek oTcyeTay. IlocnemosaTenb-
HOCTb HYKJIGOTHIOB OIPEIeISIOT B OMHONEIIOYEUHbIX parMeHTax, COCTOALINX
u3 100-200 nyxneotHnoB. Bosee AMUHHEBIE TOCNTENOBATEILHOCTH COCTABIAIOT-
¢Sl U3 KOPOTKUX (PparMeHTOB C YACTHYHO MEPEKPhIBatOUIMMUCA KoHnaMy. Ipu
CEKBEHU POBAHNH KOMILIEMEHTAPHON Hend IpOoBepSeTC MPaBUIbLHOCTD ONUCaA-
HHUS HOCISIOBATEIbHOCTH HYKJICOTUAOB B IEPBOH IIEMH.

Bce MeToap! onpeneleHNs NOCICAOBATENBHOCTH HYKJICOTUAOB OCHOBAHBI
HAa COo3JaHMM HcxoxHoro Habopa opHonenoueyHnx ¢parmentoB JHK, Ha-
YHHAOIIMXCS B OIpeJeICHHON TOYKE U OKAaHYHBAIOIIMXCS ONPEACICHHBIM HY-
KJICOTHIOM, TOraa Kak pa3Mepbl QpParMeHTOB MOTYT OBITh pa3jUYHBL
Kax bl Takoii UCxOAHBIH Habop GparMeHTOB 3aTeM QPaKIMOHUPYIOT IO pa3-
MepaM IIOCPEACTBOM 3eKkTpodopesa B rene. PparMeHTH JODKHBI ObITH TOME-
4YeHbl PaJHOaKTHBHBIM M30TOIIOM, A1 TOro 4TOOBI MX pa3Mep MOXHO ObLIO
onpenenarh NyTeM paauoaBTorpaduu rens. ITpMHOMIBL CeKBEHUPOBAHUS
u300paxeHbl CXeMaTHYeCKH Ha puc. 9.8.

MeToabl CEKBEHHPOBAHUA pa3IMYAIOTCA B IEPBYIO OYepeb 10 criocoby pa-
IHUOAKTUBHOTO MEUeHUs, U KpOMeE TOTO IO COCO0yY BBIAEICHUS UCXOAHOTO Ha-
6opa dparmenTtos. Ilpencrasnennas Ha puc. 9.8 cxemMa OCHOBaHA Ha METOJE,
pa3pabotaHHoM MakcamoM u I'mnGeptoM. PecTpuknuoHHbIH dparMeHT Me-
TAT paAMOAKTHBHEIM U30TomoM >2P B §'-koHme ¢ ucnomb3osanueM [y — >2P]
ATP u depMenTa, Ha3bIBAEMOTO NOAUHYKACOMUCKUHA3A. 3aTEM KOMILJICMEH-
TapHble eNIH Pa3sfeNsioT U B HUX HE3aBHUCHUMO OIIPEeNSIOT [IOCAENOBATEb-
HOCTh HyKJIeoTHHOB. Ha puc. 9.8 u3obpaxena oaHa menb; 38e3004ka 0603Ha-
4aeT paaMOaKTUBHYIO MeTKy 2P Ha 5'-koHme. UeThipe OTAENBHBEIX 0Opa3ia
3TOTO (parMeHTa NOABEPralOT AEHCTBUIO PA3IUYHBIX PEareHTOB, B pe3yibTa-
Te uero obpasyeTcs YeThIpe UCXOAHBIX Habopa GparMeHTOB pa3IM4HONi BENH-
4uHbl. DPArMeHTHI KAXA0T0 U3 3TUX HaOOPOB Ha 5-KOHIE COASPXKAT pafiuoakK-
TUBHYIO METKY, 2 Ha APYrOM KOHIIE — OIpeACIICHHbIH HYKIeOTH (CM. puc. 9.8).
(Ipu aToMm obpasyrorcs Takxke HaOoph QparMeHTOB ¢ OAMHAKOBBIMH 3'-KOH-
HaMH, OJHAKO, 3TH (parMeHThl HE NIONANAIOT B IOJIe 3peHUs HccaeqoBaTeNs,
IOCKOJIBKY HE COASPXAT PAAUOAKTHBHON METKH). 3aTeM 4eTHIPe UCXOAHBIX Ha-
6opa dparMeHTOB NMOABEPraroT 3MekTpodopesy B MOJHAKPHIAMUIHOM reie
«Bok 0 Dox». ITonoxeHue kax0ro pparMeHTa B reie MOXHO 3aUKCHpOBATH
Ha OGBIMHOH peHTreHoBcKoH mieHke. I1pu 3TtoM obHapyxuBaeTcs Habop mo-
JIOC, KaX1as U3 KOTOPBIX COOTBETCTBYET PparMeHTy ONpeAeICHHOrO pa3Mepa.
N3o06paxenHas na puc. 9.8 nociaenoBaTenbHOCTh (PArMEHTOB MO3BOJIAST
IpSMO C PEHTTeHOBCKOH IJIEHKH CHHTBIBATh IIOCJIEOBATEILHOCTh HYKISOTH-
OB, HauMHas ¢ 5'-konmna (T. e. cHu3y). Ha puc. 9.9 npeacrasiieHBI pealpHbIE pe-
3yJbTaThl paguoasTorpaduu rens nocie anekTpodopesa dparmenros. Kak
yka3bIBaeTcs B [IOJNUCH K PUCYHKY, B ACHCTBUTENBHOCTH HET HEOOXOAUMOCTH
B TOM, 4T00BI pa3pe3aHHe HparMeHTOB UCXOAHOTO Habopa IPOM3BOJHIOCH
IO OAHOMY M TOMY X€ HYKICOTHIY.
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Puc. 9.8. OcHOBHBIE IpHHUUNELI ONpPEICIICHUN 4AMHOH [UIMHLI OKAHYMBAIOTCS OIPEACIICHHBIM
HYKJICOTHAHOH MOCJIENOBATENLHOCTH HYKIIECH- HyKJIeoTHIOM. Bce yeTsipe Habopa ¢pakiuonu-
HOBBIX KHMCJIOT. MEYEHHBIE PaJHOAKTHBHBIM PYIOT 3aTeM IO Pa3MEPaM INOCPEACTBOM 3JIEK-
n3otonoM (*) dparMeHTsl OHOULETOYEYHOH Tpodopesa. HyksieoTuaHas MOCIe 0BaTEIHLHOCTD
JAHK nongepraroT xuMuueckod o6paboTke NMpUY 3TOM MOXET CUHTBIBATHCS HEMOCPEICTBEH-
YETHLIPHMS Pa3JIMYHBIMM METOJAMM, B PE3yJIbTa- HO ¢ paauoagTorpaga 3NeKTPOPOPETHIECKOTO
Te 4ero obpa3yroTcs 4eThIPe rpynnsl ¢parMeH- resis (IOCJeIOBATENLHOCTh CTPEJIOK OT MOJIOCH

TOB, B KaXJOH U3 3THX rpynn (pparMeHTsl Ciy- K IOJIOce Ha gUarpamme).
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Puc. 9.9. Paaunoanto-
rpad anmexTpodopeTHYe-
CKOro rejs, no KoTopo-
MYy CYHTHIBAIOT HYKJI€O-
THAHYIO TOCIEAOBATEND-
HOCTbL METOAOM
Makcama - I'unbepTa.
N3o6paxena nocneposa-
TEJLHOCTb HYKJICOTHAOB,
3aKJIFOUCHHASA MEXy
ABYMsl T€HaMH O-IJIO-
6una JHK uenoseka.
dparment JHK 6511
oMe4eH Ha 3'-KOHIlE

1 06paboTaH pECTPHKTA-
3aMH, PaCIHICIIAIOIIMMH
mo G, C,Gu A

u Cu T (ansa on-
PEAETICHUS HYKJIEOTH/I-
HOH NOCIEAOBATENBHO-
CTH HET HEOOXOAMMOCTH
B ToM, 4TOOBI pacuien-
JICHUE IICMH MPOUCXOAH-
JI0O 0 €AUHCTBEHHOMY
ocHoBaHH0). Cresa
npeacTanjieHa [OCNeao0-
BATENIBHOCTL, KOTOPYIO
MOXHO CYHTATH C TeJs.

M

QNANQQ
®

ENQE A QQG
ax
EN Yol

Q

AN A2 ONAOAANAIIAIQOR RANNDY
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Meton pekoMOuHanTHBIX [THK

DepMeHTHI PeCTPUKIMU TTIO3BOMIAIOT BHIPE3aTh JIHOObIE IIPOU3BOJILHBIE (par-
Merthl JJHK ¥ KOMOMHUPOBaTL U3 HHUX in Vitro peKOMOMHAHTHbIC (WM XU-
MEpHbIE) MOJICKYJIBL. DTO OKAa3bIBAETCS BO3MOXHO, NOCKOIBKY MHOTHE pe-
CTPUKTA3bI PA3pe3atOT JBOUHYIO CTUPAIL TAK, YTO MECTO pa3pe3a OJHOH 1elH
CIBUHYTO OTHOCHUTEJILHO BTOPOH, B pe3yibTaTe yero obpasosasiuuecs ¢par-
MEHTbI 00Ja/1al0T KOMIIIEMEHTAPHBIMU OJHONENOYEYHBIMH KOHIIAMH (CM.
1ab1. 9.1). DTH KOHIBI MOTYT COSAUHATLCH HOCPEACTBOM 0Opa3oBaHuA BOIO-
POIHBIX CBS3€H MEXy KOMILTIEMEHTAPHLIMU OCHOBAHUSAMM, IPHYEM CIIMBATh-
cs1 TakuM 06pa3oM MoryT pasiHunble pparmentsl JJHK, kak 910 noka3aHo Ha
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Puc. 9.10. Obpa3opanue
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KHX (PparmMeHTOB B pa3-

HBIX COYCTAHHAX MOXET
NMPUBOJUTE K 00pa3oBa-
HHIO PEKOMOHHAHTHBIX

moekyn JHK. Ilox

o B EE— EE— N
neitctruem JJHK-murasm AGAG AATTCCCT
¢opMHpOBaHHE PEKOM-
OHHAHTHBIX MOJICKYJT 3a- amm TCTCTTAA GGG A -

BEPIIACTCH YCTAHOBIIE-

HHEM KOBAJICHTHBIX CBA-

3€H.

AATTCCCT

GGGA

GG
TCTCTTAA

CRRE e
AGAGAATTCCCT

TCTCTTAAGGGA
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AGAGAATTCCCT

TCTCTTAAGGGA

puc. 9.10. TTocne oOpa3oBaHUs BOJOPOAHBIX CBSI3eH MEXIY KOMILIEMEH-
TAPHBIMM OCHOBAHMSMH KOHIBI (OparMEeHTOB COCIUHSAIOTCS KOBAJIEHTHBIMU
CBA3SMH IIOJ JEHCTBHEM JIMra3bl

Ecmu oaus u3 a8yx pparmentos JJHK, ucronb3yeMsix npu KOHCTpyHpOBa-
HHH XUMEPHOR MOJIEKYNBI, TPEACTABIAeT cO0OH CaMOCTOSTEIbHBIN PEILIHKOH,
HaAIpUMep, Ia3MUAY WIM 3IMCOMY, TO XUMEpPHAs MOJIEKyJa [Ipd NMONaJaHuiu
B OakTepUaNbHYIO KJICTKY-XO3fMHA TakXe¢ MOXKET 00JalaTh CIOCOOHOCTBIO
K perukanuu. Permukanug Takoro persinkoHa Oyaer IpUBOIUTH K pa3MHOXKe-
HHIO TaKXe BTOPOro gparMeHTa, COCTABIAIONIEr0 PEKOMOHHAHTHYIO MOJIEKY-
ny. VicxoaHpi#l peliTMKOH CTAaHOBUTCA IIPH 5TOM BEKTOPOM JJIist APYTOTO dpar-
medra JTHK.

B xauecTBe TakKUX 8eKMOPOE 045 KAGHUPOBAHUA (WIIH KAOHUDPYIOWUX 6EKMO-
pog) mobbIx dparmentos vyxepoaHoi JHK ncnons3yrorcs dar A 1 MHOXe-
CTBO pa3MuHBIX IasMul. Bektop ¢ kmorupyemeiM dparmerToM JTHK mo-
XeT NPOHMKHYTH B KJIeTKY E. coli mocne Toro, kak kieTka obpaboraHa MOHaMU
Ca™ *. Takad nporeaypa [O3BOJAeT KOHCTPYMpOBATbh INTAMMbI OaKTepHi,
HeCcyIMX onpenesneHuble ¢parmedTh uykepoarnoii JHK (kgoHbr), 1 pa3MHO-
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xath JHK stux xioHos B Gosbnmx kosnuyecTpax. COBOKYNHOCTh METO-
0B, 0OBbeJHH SeMBIX Ha3BaHUSAMH «KJIOHHPOBAHHE», HIIH «TEHHAS UHXEHEPUSD),
IIPOU3BEJIH PEBOJIIONHUIO B TeHEeTHKe, OGHOXUMHUH M OHOTexHONOTHH. B HacTOg-
wee Bpemst [ITHK 3ykapuOTUYECKUX OpPraHM3MOB MOXET H3Y4aThCsA HA YPOBHE
IOCJIE0BATEIbHOCTH HYKJICOTHIOB C TOH ke NeTalIbHOCTBIO, KOTOpas elle He-
IaBHO ObLTa Bo3MoxHa Jjuuis B oTHomenud JHK Bupycos. Metoasl reHHOMH
HHXEHEPHU II03BOJISIOT UCHOIb30BaTh E. coli B kKavecTBe GabGpuk ansg npo-
U3BOACTBA NPOAYKTOB (QYHKIMOHHPOBAHHUS I'€HOB 4YEIOBEKA, HALPUMED, IIA
IPOM3BOJICTBA MHCYJIHHA H TOPMOHA pocTa. BepOsSTHO, B HeJalleKOM OyayIeM
3TO AACT BO3MOXHOCTb YCIIEIIHO ¥ HeJOPOTO JeYUTh AHAOET, BOIHUKAIOIMI
OpH HEOCTATKE UHCYJIMHA B OPraHU3Me, U KaPIMKOBOCTD, ABJIAIOLIYIOCS CIIEH-
CTBMEM HE[[OCTATKA TOpMOHA pocTa. Meroab! pekoMOunantabix JJHK oTkpbi-
BAIOT IMHPOKUE NEPCIICKTUBB] B PEIICHUY IPOOIEM MEIMIUHBL, CEJIbCKOIO XO-
3gHCTBA M XMMHYECKOH TEXHOJIOTHU. DTU MeTOABl OOCIaioT BO3HUKHOBEHUE
HOBOW MHAYCTPUH, Ha3biBaeMOH OHMOTeXHONOTHEH, IPUBIEKAIOMENR B HACTOS-
miee BpeMs BHUMAaHHE CPEeICTB MaccoBOH MHOOpPMAanuU ¥ (UHAHCHUPYIOLIUX
Oprasu3anu.

BexTopsl ans xanoHupoBanus JHK

MeTtoabl kinoHUpoBaHus uyxeponHoit JTHK B kxnetkax E. coli yno6HO npo-
WLIIOCTPUPOBATh Ha IpuUMepe Inasmuibl pBR 322, crienuaibHO CKOHCTpYH-
posanHO#i Ppannucko bonsapom u Paiimonaom PoapurecoM nns kxIoHHUpO-
panust Mayenpkux ¢parmerToB JHK, cocrosnmx BCero u3 HECKOJIBKUX
THICAY NAp OCHOBAHUI MM ellle MeHbIe. DTa IIa3Muaa Heeenuka (4362 Hy-
KJICOTHHBIE Naphl), HeCceT IeHbl aHTUOMOTHKOYCTOHYMBOCTM amp u tet U
B KaX0i GakTepHaTbHOM KJIETKE MOXKET IPUCYTCTBOBATh BO MHOXECTBE KO-
muii. ITocrenoBaTenbHOCTh HYKJIEOTHAOB IIa3MuAabl HM3BecTHA. Ee dusmue-
ckas KapTa npeacTasieHa Ha puc. 9.11. Ob6patute BHHMaHUE Ha TO, 4TO
HMeeTCs OQUH CaliT and pecTpUKTa3sl Pst] B TeHe amp U MO OgHOMY caiiTy
nas pectpuktas BamHI u Sall B rere tet. Hamuuue 3Tux cailToB MMEHHO

Tn 3 | pSC101

4,
Ec(j/ RI Zn &y

P L A ey

N
’ 4361/1 1.
T / \\
Puc. 9.11. dusuveckas / .

KapTa KJIOHHpPYIOLICH
mnasmugsl pBR322. Ota
Ina3MHIa CKOHCTPYHPO- ‘
BaHa U3 TpeX YacTel. i pBR322

YuacTok Havajla PEILIH- r )
Kanuu (ori)—HU3 mas- e ;
MHasl pMBI1; ren K /
tet—H3 IIa3MMIb! X
pSC101, a ren amp-u3 X
TpaHcno3oHa Tn3. Vka- \,»‘ /

3aHol COOTBETCTBYROIIME S Vo pSCI01
YHUKaJIRHBIE CaiiTHI pe- oy le&

CTPHKLMH.
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PEeKOMOUHAHT
Hepeneva- TpaHcdopmauua KiteTok
ThIBAHHe I coli nnasmupamy,
KOJIOHHUH BOCCTAHOBHWBUIMMH
2 KONbliEBYI0 GOpPMy
TetS AmpR- KJIOHBI HecyT
Yamka Yaiuxa yyxepomHyrw JHK
C TETPAUMKIIMHOM C aMIIMUK/UTHHOM
Puc. 9.12. UnTterpanus uyxepoanoit JHK ObuHaHTHOH_ nmazMunof 6yayr obnanates ¢eHo-
p YXEp S R
p mna3muay pBR322 u otbop knoHa-HOCHTENA THnOM Tet"Amp , a KJIETKH ¢ IJIa3MHAOH
JHK. Bcrarka wyxepoanoit [JHK B ca#it pBR322, BoccTaHOBHBIICH CBOMO INPEXHIOO
BamHI noxan¥3oBaHHEIH BHYTpH TeHa tet, CTPYKTYPY — GEeHOTHUIIOM Tet® Amp".

HHAKTUBUPYET 3TOT TCH. Knetku ¢ PEKOM-

B I€HaX YCTOWYUBOCTU K [ABYM aHTUOHMOTHKAM HAaeT BO3IMOXHOCTbH OTOHPATH
naasMuiel, Hecymue uyxepornyro JHK (puc. 9.12).

IMnasmupny pectpunupyroT BamHI u obpasosapiinecs JHHEHHBIE MOJIe-
KyJIbI cMelmBaroT ¢ dparmentamu uyxepoauoit JTHK, nmomyueHHsMu Taxoke
nox aeicTBHEM 3TOH pecTpukTa3bl. OgHONENOYEYHble KOMILIEMEHTapHBIC
KOHIBI 3THX MOJICKYJI MOTYT COCAMHUTLCH Pa3inMiIHbIMH cliocobaMu, IIpexe
4eM [IOJ ACSHCTBUEM JIMIa3bl BO3HUKHYT KOBAJICHTHBIE CBS3H. BO-IeEpBLIX,
KOHIp! JuHelHo#i Moustekynsl JHK mmasMuabl MOTYT COSIUHHTLCS IpYT
C IpPYrOM: NP 3TOM BOCCTAHOBHUTCS HMCXO[HAs KOJbIIEBas IJa3MHUaa ¢ UH-
TaKTHBIM TeHOM tet. BO3MOXHO, OfHako (MMEHHO 3T0 M Tpebyercs), 4To
nepen npespaleHdeM JuHerHoH Monekynbl [JHK mmasmuasl B xonbuesyro,
MEXOY €€ KOHmaMH BCTpouTcs bparmeHnT uyxeponHoit IHK; npu atoMm me-
JIOCTHOCTb TeHa tet HapymwmTcs. ITonydeHHOHM in Vvitro CMeChIO MOJEKYJT
JHK tpanchopmupyror etk E. coli, npeasaputensHo obpaboTaHHbIE HO-
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Puc. 9.13. CusteTHve- Jlnnkep IOHK  Jflurasa PecTpukTasa

ckie ¢parmenTs! JHK, B + [0 ——> BETNTTTEE ———> =g e
coaepXxamue CauTel pe-
CTPHKLUHUH, MOXHO HC-
NOJL30BaTh B KaueCTBE
CBA3YIOUIUX 3BEHBLCB
(;TMHKEPOB) IPH CO3JaHUH
peKOMOMHAHTHBIX MOJIe-
xkyn. A. Jwboit ¢par-
medT JHK 6e3 nunkxux
KOHITOB MOXHO KJIOHH-
pOBaTHL NMPH HCIIOJIB30BA-
HHM JBYXIICIIOYEYHBIX
snuHkepoB. B. CTpykTypa
TPeX JIMHKEPOB.

Knonupyemsi
BEKTOp

Eco Rl Hpall Baml Hpa 1l HindIlll Alul
CCGIAATTCGG CICGIGATCICGG CCAAGICTTGG
GGCTTAAGCC GGC|CTAG|GC|C GGTTC|G AlACC

Hamu Ca’ ¥ ¢ Tem, 4TOOHI caenaTh 3TH KJIETKHM IpoHdmaeMbeiMu naa JJHK.

3atem TpaunchopmMupoBaHHBIE OAaKTEpHM BBICEBAIOT Ha CpENY, COAEPXAIUYIO
ammunuIIuH. Ha TakoMm arape pasMHOXKArOTCS JIHIIb T€ KIIETKH, KOTOPBIE
obnagarT (QeHoTunoM AmpR M, CIeIOBATENBHO, COAEPKAT BOCCTAHOBJIEH-
HYIO ILIa3MHAy WM ILIa3MUAY C BCTPOSHHBIM (parMEHTOM 4YXEPOAHOMH
JHK. Kosouuu, BeIpociine Ha Cpefe ¢ aMIMOILIAHOM, NEpeneyaThiBAIOT
HA YalIk¥u ¢ TeTpanukIuHOoM. KIeTku ¢ BOCCTAHOBIEHHOH KOJIBIIEBOH MTas-
MUAOH, conepxalieil HeITOBPEXACHHBIA TeH tet, OyayT HMeThb QeHOTHN Tet®,
TOTAa KaK KJIEeTKH, B I1a3MHAY KOTOPBIX BCTPOeH (parMeHT uy)epoaHOi
JHK, okaxyTcs 4yBCTBUTENbHBIMHA K TeTpanukmnay (Tet’). Kimonsl ¢ dero-
TunoM Tet’AmpR MoxHO 0TOGpaTh ANS HANBHEHLUETO MCCIENOBAHMS
BcTpoennbix ¢parmentos JHK.

IMpoueaypy KIOHHPOBAaHUS MOXHO BECTH C IIOMOIIBIO pecTpuKTasdsl Sall,
a He BamHI, u TouHO Tak xe OTOMpaTh KOJOHHM TpaHCHOpMaHTOB C deHo-
tHnoM TetSAmpR; npu 3ToM 6yayT KIOHMPOBATLCE (QPATMEHTHI TYXEPOI-
Hod JTHK, cnenuduunsie umerao nna Sall m orimmyHble OT QparMeHTOB,
k1IoHupyeMbIx Bam HI. MoxHO Takxke B KauecTBe pecTpUIUpYrOIETo dep-
MEHT4 IpH KJIOHUPOBAaHMM C INOMoiupio BekTopa pBR322 ucnosnn3osats
Pstl; upu 3TOoM J[Uid [JAmbHEHIIMX HCCICAOBAHMH MPUPOALI BCTPOSHHBIX
dparMenToB crenyer oTéupaTh KodoHuM ¢ tdenotunom TetRAmpS.

XMMHMYECKHA CHHTE3 NaIMHAPOMHBIX ABYXIECHOYEYHBIX OJIMIOHYKICOTH-
JOB, MOIYYMBIIMX HAMMEHOBAHME «AUHKEPL» (CBS3bIBAIOIIME 3BEHbS) OaeT
BO3MOXHOCTh KJIOHHPOBATH JIIOOBIe (parmMenTsl uyxepoanoit JJHK 6e3o-
THOCHTEIbHO K CHENUOUYHOCTH CAWTOB PECTPUKIHUH. DTH KOPOTKHE «TYIIO-
KOHeuHbIe» (T.e. He OOIajaroIme OMHONCHOYECUHBIMH KOHIIAMH) MOJIEKYIIbI
nByxuenovednoii JJHK moryr JHK-nmurazoii dara T4 xoBaneHTHO coemu-
HATbCA ¢ [IPOU3BOJIBHBIMHM TYNOKOHe4HbIMH (parmenTtamu IHK, xoTtopsie
MBI XOTHM KIOHHpOBaTh (pHC. 9.13). DT $parMeHTbl MOTYT «BBICTPHUIATh-
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BapaxeHue E.coli pek oMOHHAHTHBIMH
(aroBbIMH YaCTHIAME

Monynsuma xapou-paros A ,
COMIEPXAMHX B COBOKYTIHOCTH
BECb TEHOM MBbILIY

Puc. 9.14. Mcnonp3oBanne xapoH-Qara A mis CHCTEMA COOEPXKHT BCE CTPYKTYpHBIE Oeyke
KJIOHHpOBaHUs KpymHeIX ¢parmentos JHK H (pepMEHTBI, HeOOXOAUMBIE [UIS TOTO, YTOOLI
MBI, D¢ @PeKTHBHOE KIOHHPOBAHHE OKa3bI- HHHIUPYIOUNIHE YACTANBI ¢ara GbUIH HOCHTEIs-
BAETCS BO3MOXHBIM OJylaromaps ne#cTByromeit mu BekTopHO# JJHK, B TOM umcne ¢epMeHTBI,
m Vitro CHCTeM€ YNaKOBKH, IOJIyMCHHOM H3 HH-  pa3pe3aroliMe NJHHHbIE KOHTaAMEPHBIE MOJIE-
punuporanneix darom A kietok E. coli. D1a kynel JJHK.

cs» M3 mobbix Mostexyn JTHK dusnueckuMu MeToaamu; TpaHunbl dbparmeH-
TOB [IPU 3TOM HE 3aBUCAT OT paclpeAeieHUs CallTOB PECTPUKIHH.

T'enom GakTepuodara A ObUI IIpeBpallleH TeHHBIMM HH)XEHepaMH B Ha-
ubonee ynoOHpIH BeKTOp A KJIOHUPOBAHUS KPYIHBIX (GparMeHTOB 4yxe-
pomuoii ITHK. B renome dara A ecTh aBa yyacTKa, He COASpPXXaIle TSHOB,
HeOOXOAMMBIX IJI JIMTHYECKOTO Pa3BUTUS U IPOU3BOACTBA MOTOMCTBA. DTH
y4aCTKH BKIIOYAIOT, COOTBETCTBeHHO, 22 000 HyKJICOTHIHBIX Iap B CepenUHE
kapThl ¥ 3000 Mexay renamu P u Q (cm. puc. 7.7). Takum o6pa3omM, OKOJIO
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25000 nap nykineorunoB JHK dara A moxHO 3amenutdb vyxepouuoit JJHK,
He 3aTparusas cnocoOHOCTH 3Toro ¢ara BeICTynaTh B posM BekTopa. Hop-
MaibHBIA TeHOM dara A comepxuT 49 000 HYKICOTHAHBIX Map, OQHAKO TO-
sgoBka ¢ara Moxer BmecTuTh oT 38000 mo 53000 H.m., npomosmkas npu
9TOM (PYHKIMOHMPOBATH HOPMAIbHO. MOXHO CKOHCTPYMPOBATh MHOXECTBO
pPa3muyHBIX JUHUMHA Qara A, npedHasHAYEHHBIX AJS KJIOHHPOBAHHS pa3HO-
ob6pasnbix ¢parmenTos uyxeponHod JTHK, noxyunsronmxcs muue chopmy-
JMPOBAHHBIM BbIUle OrpaHUYeHHsM. [IpHMepaMH TakMX BEKTOPOB MOTYT
CIYyXHUThb TaK Ha3blBacMble XapoH-¢aru A (10 MMEHH MHQUYECKOTO NepeBo3-
YHKa B apCTBO MePTBLIX) U Agt-baru (ocyiecTBIsrOmUe O0myo TpaHCayK-
o). OHH CKOHCTPYAPOBAHBI TaKUM 00pa3oM, UTO T'eHbl, OTBETCTBEHHbIE 32
JKU3HEHHO BaxkHble QYHKIMY, JIOKAIN30BaHbl HA JIEBOM M [IPABOM KOHIAX Te-
HOMa, a CEpeMHa CYIECTBEHHEIX T'¢HOB HE HECET M KpOMe TOro OrpaHMYeHa
IBYMs pa3JIMYHBIMH caiiTaMHM PECTPHKIHMH. 3Ta IEHTpasbHasd YacTh FEHOMA
COEPXHUT I'eHBl, BIUSIOMME Ha MOP(OIOTHIO KONOHUH, Tak YTO Mo uXx ¢op-
Me MOXHO Cpa3y ONpeaeiIUuTh, YyXepoaHas wiH cobereeHnas JJTHK Bxiroue-
Ha B T0JI0BKy. Mcnonp3oBanue XxapoH-¢Garop A pu KJIOHUpoBaHuH (PparmMeH-
T0B uyxepoanoii JJHK cxemaTtmdecku m3obpaxkeHo Ha puc. 9.14.

BuOi1uoTexn TeHOMOB

OnHa U3 OCHOBHBIX HeleH KJIOHUpOBaHMA pa3nuuyHelx ¢parmentos JJHK
MPOKAPHOTHYECKUX U SYKAPUOTHYECKUX OPraHU3MOB COCTOUT B PACYUJICHEHHH
TeHOMOB Ha Y4aCTKH, JOCTATOYHO MaJIble JUIL TOTrO, YTOOBI ObLIO BO3MOXKHO
HX AeTalbHOE ucciaeNoBaHue. MHTYHTUBHO [IPEACTABNISETCS OYEBHAHEBIM, YTO,
€CJIM HAaKOIUTh AOCTATOYHO OO0JBIIOE KOJMYECTBO KIOHUPYEMBIX (parmeH-
1oB JIHK, 3Ta Kosnekumsa OyaeT BKJIFOYATE IO MEHBUIEH Mepe IO OFHOMY
9K3EMILLAPY KaXIOH MOCIeIOBATEILHOCTH TeHOMA. TaKyo KOMIEKIHIO KO-
HAPYEMEBIX QparMeHTOB Ha3bIBarOT OHOIMOTeKOH reHoMa UM GAaHKOM TeHOB.

Ecmu xnonmpyror ¢parmMeHTsl reHoMma Drosophila melanogaster cpenneit
auaEbl 15-20-10% 1.1, TO A1 TOTO, YTOOB B KOJJIEKIHH ObIIM NpeacTa-
BJICHBI BCE YYACTKU F¢HOMa, JOCTAaTOYHO 0Kk0J0 40000 He3aBUCHUMBIX KJIOHOB
(oOmas anuHA TeHOMa cocTapigeT okono 1,5-10% m.n). Jna mommoit 6u-
OsMOTEKH TeHOMa vesioBeka Tpebyetcs okono 800000 xnoHOB (cM. nomonHe-
Hue 9.2). B 6ubanoTeke TeHOB COAEPXKUTCS BCS HACJIEACTBEHHAs MHbOpMa-
nusg opranuaMa. OJHAKO ONpeNeNneHHe TOro, Kakoi HMEHHO W3 TOMOB
6ubIHOTEKH (T.€. KIOHOB) COACPKHUT HEOOXOMUMYIO B KakIOM KOHKPETHOM
ciyyae uHGOpPMANMIO, IPEACTABNISET OYEHb CIOXKHYIO JUIf TEHETHKOB MpO-
Omemy. Ecim KomMs coOTBETCTBYHOIIEH reHeTHuecKod MHOpManuu OoKasbl-
BaeTcs JOCTYymHOH B ¢opMe cTpykTypsl Monekyasl PHK unu B dopme no-
CJICIOBATEIPHOCTH AMMHOKHUCIIOT, TO 3TO MOXET OHITh HCIOJBL3OBAHO MpPH
OTBHICKMBAaHUM B OUONIMOTEKe KJOHA, coaepkaiero Tpebyemyro uHbOpMa-
HIO.

Takol MOMCK OCYINECTBIAIOT CieayrommmM obpa3zomM. Bubmmorteky daros
A BpICEeBaroT Ha Oonburyro 4damky ITeTpu, Tak 4yToOBl Ha vauike ObLIO IIpH-
6musurenpHo 10000 HeraTuBHBIX KojoHUM. Hanpumep, 6ubinoreka redoma
Drosophila melanogaster ymeluaercs Bcero Ha 4YeTvlpex Takmx vamixax. Ka-
XJasi HETAaTHBHAS KOJOHUS COAECPXHT XHUMepHble uHpexuuoHHple darm
H OONbINOe KOJMYECTBO XUMEPHBIX MoJekyn odarosoii JHK, we ymMectus-
muxcs B rosnopku daros. 31a cpoboaHas JTHK naer BO3IMOXHOCTL ompele-
JIUTh, KaKHe MMEHHO M3 HETATHBHBIX KOJIOHUH COASPKAT HHTEPECYIOIUE HAC
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Puc. 9.15. Ilonck B 6ubnHoTEKE reHOMA € IUICHOK CMBIBANIY OCTAaTOK HE BCTy-
TYTOBOTO INENKONPsa IeHOB OOONOYKH  IHBLIErO B rHOPHIH3ALHIO 30H[A,

siira. Ha pucynkax (A4) u (B) U NOABEPrajd pajuoaBTOrpaduu.
MPEACTABIECHBI ABE IJIEHKH, CHATHIE UepHbie MATHBIMKA COOTBETCTBYIOT He-
¢ ogHoH ¥ ToH xe vamku [leTpu, co- TATHBHBIM KOJIOHHUSIM, B KOTODBIC
nepxamei 5000 HeraTHBHBIX KOJIOHHUH. BKJIFOYHJICS. PAIMOAKTHBHBLIA 30HI.

O0¢ NIeHKH BBIAEPAKHMBANN HEKOTOPOE CpapHeHHE NATHBINIEK Ha JBYX 3K3EM-
BpeMs ¢ MeuenHoit P3? x/IHK, mony- IUISpax TUIEHKH MO3BOJSET OTIHYHTH
YEHHOW ¢ NOMOILBI0 OOpaTHOW TpaH- CIyYaiHbie <«TIO3UTHBBI», NPOSIBUBLIMECS
ckpuninmn 3 MPHK, BeipeneHHo#l u3 JUIIL HA OgHOW W3 ABYX IJIEHOK, OT
Pa3BUBAIOIMMXCS OONHUTOB. 3aTEM UCTHHHBIX, IIPOSIBUBLINXCA Ha OOEHX.

¢parmentel JJHK. K nosepxsoctu yaiiku ITeTpH NpUKIaABIBAIOT CIIEIHANb-
HYIO IIJIEHKY, Ha KOTOpO# OTIEYaThIBAIOTCS BCE HETATUBHBIE KOJIOHHH. 3aTeM
IJIEHKY CHMMAIOT U IOMEINAIOT B PacTBOP ILENIOvH, JeHaTypupyromuit JHK.
ITneHKY BBICYIIMBAIOT M BBIASPKHBAIOT B BaKyyMe IpH TeMrepatype 80°C,
4TO NPUBOAUT K YCTAHOBJICHHIO KOBAJEHTHBIX CBA3€H MeXAy OTIICYaTaHHBI-
Mu oxHomnetnoveyHeiMu Monekynamu JJHK u nneHkoi.

Ha crnenyromeM stane paboThl 3Ty IIIEHKY IOMEIIAIOT B pacTBOP, coaep-
KaIuuil Tak HA3bIBACMBIH 30HJ, T.€. OQHOIENOYEYHbIE MOJEKYJIbl HYKICHHO-
BOM KUCJIOTBI, KOMILJIEMCHTApHBIE OTBICKUBAEMBbIM B OUOJIMOTEKE U COAepxKa-
e pajguOaKTUBHYIO MeTKy. TakuM paaMOaKTUBHBIM 30HIAOM MOXET
cayxuth uHbopManuonHass PHK, BrinenenHas U3 TkaHM, B KOTOpoH Haubo-
Jlee aKTUBHO (GYHKIUOHHUPYET MHTEPECYIOMINI HAC T€H; 3TO MOXeT ObITh Tak-
K€ UCKYCCTBEHHDLIH 1e30KCHOJIUTOHYKICOTU, CUHTE3HPOBAHHBIR TakK, YTOOBI
OTBEYATh M3BECTHOH MOCIEIOBATEIBHOCTH aMUHOKUCJIOT B TOM Oelike, KO-
TOpBIH KOOMpyeTCs pa3bICKUBAEMBIM HAMM TE€HOM; HaKOHEN, 3TO MOXeT
OBITH pecTPUKT M3 Ipyroro y4vacrka kioHupyemoil JIHK. PaauoakTuBHbI
3oHa ruOpuansupyer ¢ komiiemeHtapHod JJHK Ha moBepxHOCTH IUTeHKH.
3aTeM C IUICHKM CMBIBAIOT HE BCTYMUBIIAE B TUOPUIU3AIUIO OCTATKN 30HIA
U NPOU3BOAAT paauaBTOrpaduio, MO3BOJAIOIIYIO YCTAHOBHTb, TA€ MMEHHO
HA MOBEPXHOCTH ILITIGHKH, 4 3HAYUT U Ha [TOBepXHOCTH vammku IleTpn, pacro-
JIATArOTCA HeraTUBHBIE kKonoHuM, copepxamme JJHK, cnocobuyro rubpuau-
3UpoBaTh C 30HAOM (puc. 9.15). 3aTeM M3 COOTBETCTBYIOIMX HETaTHBHBIX
KOJIOHHH MOXHO BBHIIEIMTH Gar, comgepxamuit uHTepecytommit Hac ¢par-
MeHT uyxepoanoid JHK.

TpyaHee BbASIUTH W3 OHOIMOTEKM KIJIOHBI, COOTBETCTBYIOIIHE TIEHAM
C M3BECTHBRIM (EeHOTHIIMYECKHM MpPOSIBIICHHEM, HO HEH3BECTHBIM HENOCPE.-
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CTBEHHO OHOXMMMYECKHM INIPOAYKTOM ¢GYHKIHOHHPOBAaHUS. Meron, ¢ mo-
MOMUIBIO KOTOPOro 3Ty 3alady MOXHO PEIHTb, ObLI BIEPBBIE HPEIIOKEH
IPUMEHHTENBHO K reHoMy apo3odunsl bengepoMm u XorHeccoM H MONy4I
HA3BaHME «IIPOTYJKH IO XPOMOCOME». DTOT METOX TpedyeT, uToOBl, BO-
ImepBbIx, ObLIA 3apaHee H3BECTHA JTOKANU3ANUs HHTEPECYIOUIEr0 HAC reHa Ha
TEHETHYECKOW KapTe IOJMTEHHOH XpOMOCOMBI (CM. INaBy 5, Hanpumep,
puc. 5.19) u, BO-BTOPBIX, 4TOOLI AJS KAaKOro-HUOyAb reHa TOH K€ XpOMoO-
COMBI CYIIECTBOBAN 30HI.

PaccMOTpMM B KadyecTBe MNpHMEPA Y4ACTOK X-XPOMOCOMEI, H300pa-
XKEeHHbIA Ha puc. 5.19, U 6yneM ABHrarThes IO XpPOMOCOME, KaK 3T0 H300pa-
KeHo Ha puc. 9.16. Hama nenp cocTOHT B TOM, YTOOBI OTHICKATH B O6ubIHo-
Texe xnoHupyembie dparmedtel JJHK, oTBeuaromme reny dunce, joxanuso-
BaHHOMy B xpomomepe 3D4. Dror rew HeoOxomuM it GOpPMHUPOBaHHS
HOPMAaNbHOM MaMSATH Y MyX; IIPA 3TOM OH TakxXe KogupyeT depmeHT cAMP-
cnemmdueckyo dochonuscTepasy. INporynka mo XxpomMocoMe HAuYHHAETCS
¢ pexoMmOuHaHTHOro knoHa AcDm 1570, Hecymero JHK u3 xpomomepa
3C11-12. OtoT xuMepHBIH ¢dar H3BiekaeTcss U3 OMOIMOTEKH IEHOB APO30-
dunel mocpeacTBoM rubpuiausaiyu ¢ uadopmannonsoit PHK, soiaenexnoi
W3 CIIOHHBIX Xelie3 JuuuHOK. Drta mHbopmanuonnas PHK xopupyer xieii-
KUt Genok, 0003HavaeMblii cHMBOIOM Sgs-4. I'eHeTHYeCKOE KapTHpOBaHUE
MYTalHii, 3aTparuBalonmx Sgs-4, MO3BOIAET JIOKAMHM30BaTL 3TOT IeH B IIO-
smoce 3011-12 monmrteHHo# Xxpomocomel {puc. 9.16). Knonuposannas JHK
Sgs-4 rubpunusupyer ¢ JAHK u3 nosocet 3C11-12 nomTeHHONH XpOMOCOME,
PACIIOIOKEHHOMH HENOCPEICTBEHHO clipaBa OT JIEBOro kpas aeneuud Df (1)d-
m’%¢1°. D10 MOXHO HOKa3aTh, UCIOJL3YA paspaboTanHbii DasuHom Cay-
3epHOM METOH HepeHeceHHs 3iekTpodoperndeckux ¢dparmenros JHK Ha
CHENHUAIBHYIO IIJICHKY, CBS3BIBAIOIYIO OJHOUENodeuHble Monekynsl JJTHK
(6motunr no CaysepHy; cM. pHuc. 9.6). 3aTeM Ha 3Ty IJEHKY HAHOCAT pa-
JMOAKTHBHBLIM 30HI, YTO IIO3BOJISIET ONPENEHUTh, KakHe M3 (parMEeHTOB
JHK B reme KOMILIEMEHTapHBI MOCIENOBATENLHOCTH HYKJIEOTHAOB 30HAA.
DTOT METOX CXeMaTH4ecKH H3006paxkeH Ha puc. 9.17.

Ucnonb3ys meton CaylepHa npH CPaBHEHUH HOPMANBHBIX MyX U MYyX,
B F€HOME KOTOPBIX UMEIOTCA HENENHH, MOXHO JIOKaIM30BaTh KOHIBI 3THX
JeNeuii, ecJIM UCIIOb30BaTh B KauecTBe 30HAA kKioHupyeMyro JJTHK. O na-
PYUIECHHH HOPMALHOH HYKICOTUAHOH NOCIENOBATENRHOCTH B AEIETHPOBAH-
HOM XPOMOCOME CBHIETEALCTBYET H3MEHEHHe PACIpENeNCHUs CallToB pe-
cTpuknuu o cpapHenuro ¢ JJHK HopmanbpHo# xpomocomsl. Hampumep,
€CJIH KOHEI| JCJICIUH HAXOMUTCH MEXAY ABYMs CAUTAMH PECTPHUKLHHU HOP-
mansHod JHK, TO paccTrosiHue Mexay ocTaBUIUMCS CaiTOM U CIEAYIOUTHM
(BHYTpH HenenuH) HU3MEHHTCS, IIOCKOJIbLKY IIOYTH HaBepHSKA CIIeTYIOIIHA
CaliT B AeNelUl OKaXETCS Ha NPYTOM PACCTOSIHUU OT COXPAHHUBIIErOCs, YeM
6bL1 epBoiid. Ha puc. 9.18 nmokasano ucnosb3oBanue Metona CaysepHa 1UIs
ONpeneseHAsT HOBOIO pPAacIpeneNeHuss caliTOB pecTPUKIMH.

Ha puc. 9.18, 4 npencrasriensl pe3yiabTaThl onelta, B koTopoM JHK myx
nukoro Thma (Oregon-R) u Df(1)dm’*°'°/Df(1)N®%'% noppepranm nei-
creuro HindlIll, a 3aTeM cpapauBamt merogom CaysepHa, UCIONbL3Ys B Kade-
cTBe paguoaktusHoro 3ouaa JHK nposoduner u3 kinona AcDm?2151. O6pa-
TUTEe BHHMAaHHE Ha TO, YTO PACIpENeicHHE CAafTOB PECTPHKUHH B 0OeHX
JHK oaunakoso, tak xkak JJTHK npozodmnsl u3s AcDm 2151 komnnemeHTap-
Ha nocienoBarensHocTd 1 HopManbHoH JHK, u JHK u3 xpomocomsl ¢ me-
nenyeit Df (1)dm"5¢'°. (O6paTuTe TakXe BHUMAHKE Ha TO, 4TO, KAK 3TO BHJ-
Ho Ha puc. 9.16, B xpomocome c pmenenmeit Df(1)NS4'S orcyrcrayer



Df{1)No#1¢ [°
Df(1)N71hz4—5
Df{1)N6415

A A A A
13456 123456789+ 1234 123+5678

A
*10-12 12 ++ 56

Df(1)dm75¢19

AA A o

A A N A
12435 678 12:45+78+

; 3

10
8+40 85 19 51 32 48 7.3 5,0 95 13223 551747
Xho 1 } st } + HH'st 55{
333518 69 66
Sacl ——1 . ¢
422445
Sall i
+ 08+ 1,1
50 86 0620 8 2, 93 12, L 3 S ¥
EcoRI f :ﬁ: P + 2 :Zof“::m: 5’91:6:
17 24 29+
2 382710 4111511 2,2 5106 104 471,408 62
Hind 11 - H——H—— ——H it
29 78 3
Bam HI 22
AcDm2151
et LB
AcDm2001
AcDm1568
AdDm201
AdDm2209
AdDh2301
)\cDmL‘-!OI-

Puc. 9.16. Kapra pecTpuKIMH ydacTka
X-xpomocoMbl Drosophila melanogaster,
HOJy4YeHHasd NPH aHaju3e NMepeKphIBAIO-
wxca pparmentos JHK kmoHHpO-
BaHHBEIX B XapoH-darax A # OTO-
GpaHHBIX METOAOM «IPOTYJAKH MO XpO-
MOCOMeE» CJieBa HampaBo, Kak 3TO OmM-
caHo B TekcTe. Ha pHCyHKe HpeCTaB-

JieHa KapTa y4acTKa NPOTAKEHHOCTBIO
oxosio 100000 H.1. CepriMH HOJIOCAMHU
H300paKeHbl KOHIEBblE TOYKH HEKO-
TOPBIX M3 XPOMOCOMHBIX NEPECTPOEK;
IIMPHHA TOJIOC COOTBETCTBYET TOYHO-
CTH, C KOTOPOH JIOKaJM30BaHB! KOH-
LEeBbiC TOYKH IEPECTPOEK HA PECTPHK-
LIMOHHOM KapTe.
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Okpacka rens

Pecrprkauns u anexktpodopes
I ———
B araposHoM rene DoTorpadrpopaHue
[enb IOMEIAOT Ha BIIAXHYO Henitpamssauns Jlenarypauun ¢pparmentos JHK
¢bunbTpoBanbHy0 Bymary (Mexay < (mpombiBKaTenAB ¢ (mpombiBxa rejs B cmpte, 0,5 M
BYMS JUTACTHKOBRIMH MIPOKJIAf, - IM 1puc,pH 5,5, NaOH; 1,5 M NaCl)
KaMK) 2MNaCl)

Ha resp 4axyamplBaoT HATPOLEIUIONO3HYIO IIEHKY
cBepXy NoMemanT GWIbTpoBanbHy0 GyMary
i IPKWKUMAIOT [Py30M

QuIbTPOBATIbHANT
QuTHIDb MNMpoxnangxu 6ymara Hurpouennionosa

KroBeta ¢ 6ydepom, CrexnauHas IWAcTHHKA
copepxaiM 2MNaCl pH 7,0

Bydep mogrmmaerca no punbrpoBanbuoi Gymare, nepenocs dparments: THK |
JHK XMMHUYECKH CBS3bIBACTCA C HUTPOLETIIIONO3OK PH BhIEPXKHBAHKK IIPK
temmeparype 80° C B Teuenue aByx 4acos. [Tocie 3T0r0 HHTPOLETITIONO3HBIHA
GHILTP rOTOB K THGPHAN3ALMK C PAMOAKTHBHEIM 30HIOM

Puc. 9.17. Meton Cayzepua. Monekyns JHK KOBaJEHTHO CBS3BIBAIOTCA ¢ IUICHKOM, 1ocie ve-
obpabaTeisaloT pecTpukTas’aMu H oGpazoBas- ro IUIeHKY o6pabaTeiBaloT pajguoak THBHBIM
mMecs GparMeRThl HOABEPraloT 3JieKTpodopesy 30HAOM E IIOABEpPrafoT PaguoaBTOrpaduu.

B arapo3HoM reje. PasMeprl pecTpUKIIMOHHBIX CpaBHeHue paauoasTorpada c dororpadueii
&parMeHTOB ompeneasioT Ho dortorpadusM re- OKpAIlIeHHOTO mocie 3eKTpodopesa reist mo-
Jif, OKpaIllecHHOT0 GpOMHCTBIM 3THAMEM. 3aTeM 3BOJISET ONPEAENUTh PECTPHKTHI, KOMIJIEMEH-
(parMeHTHl CHATYPUPYIOT H NMEPEHOCAT Ha TapHble PaJHOAKTHBHOMY 30HAY. [Rodriguez R.
IUJEHKY M3 HUTPOLEIIONO3bl C ITOMOILIBLIO L., Tait R.C., University of California, Davis.]

¢msTpoBanbHOH Gymard. ®parmentsl JHK

yuactok JAHK Bokpyr nonocer 3C11-12, Tax uyto ananusupyercs smms JHK
u3 xpomocomel Df (1)dm73¢!%) CpaBaum Tellephb Te e PparMeHThl, UCTIOJb-
3ys B xauecTBe paauoaxktuBaoro 3ouna JTHK npo3oduisr kiaora AcDm 1570,
KoTOpLI# uMeeT 00mmit yuyactox ¢ JJHK kiona AcDm 2151 (puc. 9.16). Pac-
IpefenesHue cailToB PecTPUKIMN ITpH 3ToM (puc. 9.18, B) mony4aercs cosep-
IIeHHO WHbIM, DparMeHTsl, 00Pa3yIoUIMecs MPH PECTPHKIHHE HOPMAIbLHON
JHK, renepb OTCYTCTBYIOT, H HMEETCA JHMIIL OOUH $parMeHT APYroro pas-
Mmepa B JJHK xpomocombl Df(I)dm’%¢'°. BHUMaTeNnHOE paccMOTPEHHE
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Puc. 9.18. Jlokanu3anus KOHIOB XpPOMOCOMHBIX rEbpuusanu paamoaxtusHoit JJHK xapon-da-
nepecTpoek Ha KapTe caHTOB PeCTPUKLHMH roB AcDm2151 u AcDm1570. B xpomocome

JHK. THK Myx ¢ FeHOTHIIOM Df(1) N%*1'3 nonnocteio otcytctByer JHK u3
Df (1)dm"3¢*°/Df (1) N®4i'% cpasuuBaror ¢ JHK y4acTKa, CONEPKAIETO reH Sgs-4 M, chaenosa-
Myx qukoro tuua juHuu Oregon-R. CpaBHeHune TENbHO, BCE NPUCYTCTBYIOUIHE B FeHOME ¢par-
nposoasT no merony CaysepHa. ®parMeHTHI menthl JTHK npunagnexkar xpoMmocome
PECTPHKUHH HACHTHPHUMPYIOT ¢ MOMOIIBIO Df(1)dm75e1%,

KApPThl PeCTPUKIMH, u30oOpaxkennodl Ha puc. 9.18, B, mOKa3blBAET, YTO HOBBIH
dbparMenT, 1MHON TpuMepHO B 8,8 T.IL H., JOJDKEH NIPENCTABIATL coOOH Jie-
ByI0 yacTh ¢parMenta mnuHOM 9,0 T.ILH., HACHTHOUIUAPYEMOTO 3O0HIOM
AcDm 1570. CnenopaTensbHo, kpaiinsas Touka aenenud Df (1)dm’>'° poskHa
pacrnonaraTecsi BHYTpH ¢parmeHTa AcDm1570, nmpuuem Hemonajexy oT
npaBoro KoHuma yvacrka mmHod 9,0 T.mH. ¢parmenta HindIIl. ITocne
TOr0 KaK YCTAHOBJIEHO, 4TO A-BeKTOp, Hecymwmil ydactox JJTHK u3 xpomo-
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Jlonommenue 9.2. Ckonp Beimuka OGubauorexa reHoma?

YKcno He3aBUCHMMO KIOHHPYEMBIX CIydaii-
HO BBIOpaHHBIX ¢parMeHToB JHK, Heobxo-
JUMOE JJI TOro, 4roObl COCTaBUTL OH-
6MOTeKy reHOMa (HHOIZIA TOBOPAT «GaHK
TEHOB»), 3aBUCUT OT pa3Mepa reHoMa opra-
HU3Ma U OT BEJHYMHEBI KJIOHHPYEMBIX dpar-
meutoB THK.

ITycte N-—-4HciiOo He3aBHCUMBIX KJIOHOB,
coCTaBIIIOMMX OubIHOTEKY;

P—BepoATHOCTL TOTO, YTO JaHHAS HY-
KJIEOTUIHAS MOCJIeAOBATEILHOCTL IIPEACTa-

Torna

yo_ n-P

In{1 L-X
M

DTo BEIpaxeHde'! TO3BOJISET ONPENENHUTD
BEPOSATHOCTL TOrO, YTO B KOJUIEKIMM U3
N KJIOHOB NpeAcTaBlIeH FeH BEIMUUHBI X.
OGBIYHO B KaYeCTBE MUHAMAJILHO TIpHEMIIE-
MOTO 3HA4YEHWs BEPOATHOCTH BEIOHpaeTCs
P =099 u paspabareiBaeTcs cOcTaB peak-

BileHa B OHOJIHOTEKE;

L—cpenHss BejiudMHa
dparmentoB JHK;

X —pa3Mep IaHHOA HMCKOMOH HYKJIEO-
TUIHOH NOCNEN0BATEILHOCTH

M —pasmMep resoma.

IUOHHOM CMECH, TFapaHTUpYIOmEd MHoJyye-
HHUE YHUCJIa HE3aBUCUMBIX PEeKOMOMHAHTHBIX
BEKTOPOB, NIPEBLIAIOMUX TaHHOE N.

KJIOHUPYEMBIX

! Clarke L., Carbon J. (1976). Cell, 9, 91-99.

COMBI Ipo30¢MIIEl, BKIIOYAeT KoHen aenenuu Df (1)dm73¢1°

«IPOTYJIKY MO XPOMOCOMED.

[lenas niepBbli LIAT IO XPOMOCOME, MbI MCIOJIb3YEM PaAHOAKTHBHO Me-
4eHHbIi pecTpuknuonHei dparment JHK npozodmns B AcDm 1570 B xade-
CTBe 30H[A, NO3BOJIAIONIEro 0TOOpaTh B 6HOMMOTEKe TeHOB JAPO30QUIBI ApY-
rue daru, ruOpuousupyomme ¢ HUM. [Ipy 3TOM OKasbBaeTcs, YTO
cymecTByeT oO0mmid ydacTok y BekTopoB AcDm1570 u  AcDm2001
{puc. 9.16). Cneayromuit wiar COCTONT B TOM, YTOOBI WCIOJIL3YSl B Ka4eCTBE
30H[a PaAMOaKTHBHO Me4YeHHBIA QparMeHT pecTpuKIMH BekTopa AcDm 2001,
pacrooXKeHHbIN npasge ydacTka, odmero ¢ BektopoM AcDm 1570, BribpaTs
u3 6ubimoreku HoBble daru, rubpunu3kpyromuye ¢ AcDm2001. Takum cro-
coboM u3 OUOIMOTEKH MoclienoBaTeNbHOCTER oTOUpaeTcs Habop dparmeH-
TOB C OOIMMHM y4acTKaMH; NMOJIydeHHAs TaKMM 00Pa3oM KOJLIEKIUS PEKOM-
OuHaHTHBIX aros jaeT pacumdpPoOBKY MOCTEAOBATEILHOCTH BIPABO OT reHA
Sgs-4 (puc. 9.16). U3 kapr cafiTOB PECTPHKIVH OTACIBHO B3ATHIX KJIOHU-
PYEMBIX CETMEHTOB MOXHO cOOpaTh KapTy y4acTKa XPOMOCOMBI B IIEJIOM.
Huist Toro 4To6Bl B Hpolecce TAKOH «IPOrYJKH MO XPOMOCOME» CJEAHTS,
B KaKoil MMEHHO TOYKE MbI HAXOMUMCH, CIEAYET HCMOJIb30BATh KJIOHU-
pyeMble 30HIBI IS JIOKAJM3aMH Ha KapTe PECTPHUKIMH KOHIEBBIX TOYEK
JPYTHX XPOMOCOMHBIX mepecTpoek (puc. 9.18). B pesynbraTte Tako#f mporecc
TIPOTYJIKM MO XPOMOCOME MOXET OBITH CIPOCHHPOBAH HA IHUTOJIOTHYECKYIO
KapTy, TOCKOJIbKY M3BECTHBI KJIOHBI, 3aXBATHIBAIOIIE KOHIEBLIEC TOYKH JIEjIe-
903171 Df(])N64j15, Df(I,)N75h24 " Df(])N64“6.

, MO>XHO Ha4yaTb
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00630p MeTo0B padoTwl ¢ /THK

«[Tporyska o XpoMocoMe» —3TO HHCTPYMEHT, O3BOJISIOIMH CHCTEMaTHYe-
CKH KapTHUPOBaTb XPOMOCOMBI 3YKapHOTHYECKHX opraHm3MoB. O6cyxias-
mmecss B 9To#d riase Mertoawl pabortel ¢ JJHK-kxnonupoBanme pecTpuk-
I[MOHHBEIX ()PArMEHTOB, aHAJIN3 CAWTOB PEeCTPHKIMH B KioHHpyemoi JHK,
MeTton CaysepHa, Ucnionb3oBanHe knonupyemoit JJHK B kauecTBe pammoak-
THUBHOTO 30HAA MpH I'Mbpunusamuu c japyrumu parmentamu JHK - nparor
BO3MOXHOCTb UCIIOJB30BATh MOLTHBIE METOABI T€HETUYECKOTO aHAN3a, pa3-
paboTaHHbBIe HA NPOKAPHOTHYECKUX OPraHU3Max, JJIs UCCIENOBAHUS TCHETH-
4ecKOl OpraHU3alUy 3yKApHOT HA YPOBHE HYKJIEOTHAHBIX [OCIECA0BATENBHO-
creft. IIpuMeHeHHe 3THX METONOB NIPHBEIO K KOJIOCCAILHOMY IpOrpeccy
B HAIIMX 3HAHUSX 00 Oprasnu3aiyy, ¢yHKIMOHNPOBAHUA M IBOJIIOIHH T'E€HO-
MOB 23yKapuoT. HexkoTopble H3 3THX OTKPBHITHH MBI MOAPOOHO 0OCyaMM
B CIEAYIONMMX IJaBaxX, 0 IPYIHX MOXHO NPOYUTATh B HAYYHBIX XKypHaJax.

He ynuButensHo, uTo HOBble 3EKTHBHBIE METO/IBI HCCIIENOBAHHN Ha-
IIUIM NIPEMEHEHHE HE TOJIbKO B (QyHIaMeEHTaNbHBIX HcciaenoBaHusix. OHH
OKa3BIBAIOT IITy0OKOE BIHMSHHE HA MENMIUHY, BETEPHUHAPHIO, CENEKIUIO XHU-
BOTHBIX, PACTCHUHA, HA MUKPOOHOIOTUYECKYIO IPOMBIIIICHHOCTh. [TpUBenemM
BCEr0 NUMIL HECKOJIbKO IPHMEPOB.

Pectpuxnuonneiii aHanu3 JITHK no3Bossier BBIABUTH pa3iuyusi B OT-
JeNbHBIX HYKICOTHIHBLIX Mapax, MDOSABIIOIIMECS B pe3ylabTaTe MyTanmii
B caliTax, y3HaBa€MBIX COOTBETCTBYIOIUM ¢depMeHTOM. B ciyyae cepnoBum-
HOKJIETOYHOH aHemuu IpoucxoauT 3amMeHa AT Ha TA B mectoll nmape Hy-
KJIEOTHI0B T€HA, KOAUPYIOIIETO P-nenb reMoriobMHa dYelnoBeKa; 3aMeHa
npoucxomur B caiite (CTNAG), uyBcTBHTENIBHOM K pecTpukrase Ddel
(puc. 9.19). ®parmenter JHK, Bo3nukaromme nox pedicreuem Ddel y 3nopo-
BOTO YENOBEKa U GOJLHOTO CEPNOBUAHOKIETOYHON aHeMHEH MOXHO cpas-
HHTb C IIOMOLIBIO MeToaa rubpuausanuy no CaysepHy, HCIONB3ys B Kadge-
crBe 30HAa paanoakTHBHO Meuennyro JHK rena B-rnobuna, kak 310
noxasaHo Ha puc. 9.19. TakuM crioco6oM MOXHO ONpPERENATHL MPHCYTCTBUE
BpeIHOTr0 MYTAaHTHOTO IeHa B reHOMeE 3MOpPHOHA 3a HECKONBKO MECSIEB HO
poxpeHus. Jns 3TOr0 KyJIbTHBHPYIOT 3apOJIbIIUEBLIE KIETKH, B3ATHIE MPH
amuuonenTese. JHK 5THX KneTok skcTparupyioT W MOABEPrairoT aHAIM3Y.
Takas mUarHocTHyeckas Mpouedypa MOXET HPOU3BOAUTLCH B TEX CIydasx,
KOra CYIECTBYET MOMO3PEHHUE, UTO 00a POIUTENS — HOCUTENH BPEIHOTO pe-
neccHBHOTO reHa. CreiyeT 3aMeTUTh, 4TO B OOJBINHHCTBE CIIy4aeB BpPEIHBIE
MyTalMH OPOUCXOAAT BHE CAWTOB, y3HaBaeMBIX pecTpHKTazamu. OjHaxo
HHOrAA Takie MyTanMM OKa3bIBaIOTCS B XPOMOCOMAX TECHO CIENICHHBIMH
¢ calflTaMH pPECTPHKIHH, 4TO MOXET BO MHOTHX CJIy4asX HCIOJIb30BATLCH
B NMPEHATAJIBHOU JAHATHOCTHUKE.

Hosoie MeTons paborsr ¢ JHK nmo3BonsizoT Taxkxe 3HAYUTENBLHO yCOBEp-
IIEHCTBOBATL METOABI CO3[aHHUS BAKIUH IPOTAB Pa3UYHBIX BUPYCHBIX 3a00-
JIEBAHHUH 9eJIOBeKa M KHBOTHBIX. Takue HOBbIe CIIOCOOBI, BKIIOYas KJIOHHPO-
BaHHME W OIpefeNeHde HykiaeoTuaHoM nocnemosarensHoctn JHK Bupyca,
IPEMEHSUIH [IpH pa3paboTke BakUMH OPOTHB SIypa—omHOH U3 Hawbonee
PacpoCTPaHEHHBIX B MHpE TSKeJbIX 0OJe3HeH CBHHEH M KPYIHOro porarto-
ro ckota. CoBpeMeHHBIE BAKIUHEI, IPUTOTOBIIEHHBIE TPAIUIMOHHLIM CIIOCO-
60M, UCIONB3YIOT (MHAKTUBUPOBAHHBIE» UNM OclablIeHHBIE IpPenapaTsl, Ko-
TOpble, OOHAKO, HMHOTAA COACPKAT MATOTEHHBIE BHPYCBHl, YTO MOXET
IPUBOIUTEL K BeObiKaM 6one3nn. Kpome Toro, HekoTopble MTaMMEBI BUDY-
COB IIPH KyJIbTHBHPOBA2HHX B 11aDOPAaTOPHBIX YCIOBHSX HE JOCTHIalOT KOH-
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Puc. 9.19. Uccaenosanue A AMHMHOKHCIIOTHAA NOCJIe0BATENbHOCTh {KOIOHbI 5, 6 U 7)
MYTAIHH CEpIIOBHAHO- W COOTBETCTBYIOLIAA HYKIIEOTHAHAA NOCeAOBATENIbHOCT
KJIETOYHOH aHeMHMH Ha HopMassHas Pro- Glu - Glu
yposae JJHK. A. Hop- B-1ems CCT GAG GAG Caitr pecrpuxannu Dde |
MaJIbHasA H MYTAHTHas GGA CTC CTC NOQYEPKHYT
OCJIEA0BATENBHOCTH
AMHHOKHCIOT B CO- Cepriosumo- C"é‘} _G\?IG_GG.}:G
OTBETCTBYIOIME HM IIO- KJI€TOYHasA

GGACACCTC
CENOBATENLHOCTH Hy- B -uens
xneotugoB 8 JJHK. B.
Kapra caiiToB pecTpuk- 5

IHH KJIOHHPYEMOIO 30H-
na Ans yyacTka reHa f-
LEN¥ TeMOIo6HHa ye-
noseka. lllupoxo# mono-
coit m3ob6paxkeH TpaH-
CKpHOHpYeMBlH y4acTOK
JAHK, ToHKOM IuHHEH — B
HETPAHCKPHOHPYEMBIT
Y4acTOK Ha 5-KOHue re-
Ha. B HuXHel vactd pu-
CyHKa MOKa3aHa JIOKaId-
3aius Ddel-caiitoB Ha B
PECTPHKIIMOHHOM KapTe
HOPMAJIbHOH M MYTaHT-
Ho#t gopm. B. Pazmeper
Dde 1-pecrpuxtros JJHK
H3 HOPMAJNLHBIX KJIETOK
(BB) m xneTox, romMo3u-
TOTHBIX IO MYTAaIMH{
cepnonuzmg)xsneroqﬂoi
anemus (B B), onpene-
JIANA ¢ TOMOLIBIO pa-
JMOAKTHBHOIO 30HJA.
[Geever R.F. et al.
(1981). Proc. Natl. Acad.
Sci. USA, 8, 5081.]

(33) Dde1

(554) Haelll
(411) Dée
(210) Dde 1
(122) Dde 1
(74)Hae Il -

(346) Hae IlI

-
~
w

201

(~680) Hae 111

— (~586) Dde |
8
g

376 a8

o
0

376

HEHTPAIUH, TOCTATOYHO BBHICOKMX IUIS BakiHHanuu. Paspaborka cuHTETHHe-
CKHX BaKUMH IIO3BOJIAET PEUIMTh MHOrME M3 3THX IpobieM. OCHOBHLIM
aHTHIEHOM BHpyca sinypa sBiseTcs Oelok rojoBku BUpyca VP1. OnHako
caM 0 cebe 3TOT OEJIOK, BBIACTECHHBIA B OYHMIUCHHOM COCTOSHHM W3 BH-
PYCHBIX YacTHI[, UM IOJYYeHHBIH H3 KIeTok E. coli, UCnob3yeMbIX MNpu
KJIOHHPOBAHUH reHa VPI, ob6n1anaeT clabblM aHTUTEHHBIM MEACTBHEM M HE
MOXET UCIIOJIb30BAaThCS B KauecTBE BaKIUHBL OmnpeneicHNe HYKICOTHAHOM
ITOCJIENOBATENLHOCTH KJIOHHPYEMOTO TeHa IIO3BOJISIET, 3Has IeHeTHYEeCKHH
Ko (cM. riaBy 12), nerko ONpenesuTh HOJHYIO II0CIe0BATEILHOCTL AMUAHO-
kucnoT B Genke VPI. ITocine Toro Kak moJiHas NOCHER0BATENbHOCTL AMHHO-
KHUCJIOT M3BECTHA, HETPYAHO XMMHMYECKH CHHTE3HPOBATh OOJiee KOPOTKHE IIO-
JIMNENTHABL, 00Jaar0INe CHIILHBIMA aHTUTEHHBIMH CBOMCTBAMH WU HHOYIIH-
PYIOIUUMH CHHTE3 aHTHUTEN IPOTHB METBIX BHPYCHBIX YACTHIL.
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BcernencTBre pasiiMyMs B MEXaHM3Max 9KCHPECCHH [E€HOB Y MPOKAPHOT
U 3ykapHoT, E. coli MOXeT 0Ka3aTbCs XO3SMMHOM, MAJIO MOAXOMSINAM JUIS
IIPOM3BOJCTBA OEJIKOB 3YKapHOTHYECKMX OpraHu3mMoB. I1osTomy paspabo-
TaHbl METOJBI IIOJIYYCHHS BEKTOPOB IUISl KJOHHPOBAHUS Pa3jIMUHBIX TEHOB
B KJIETKAX IPOXXKEH - OMHOKIETOUHBIX JYKAPHOT. DTH KJIOHHPYIOIIME BEK-
TOPbI MOJIYYatoT U3 PEIUIMKOHOB APOXIKEBLIX KJIETOK, TAK HA3BLIBAEMbIX 2|-
ma3Mua. TOYKH Hayana pelIMKallid 3THX BEKTOPOB B3ATHL y ILIA3MHI 2|
H y pBR322, B pe3ynbTaTe 4ero OHH MOTYT PEILIMIAPOBATLCS KaK B APOX-
KEBBIX KJIETKAX, Tak 4 B E. coli. IlpuMepoM HCHONIB30BAHKS APOXOKEH M
cHHTe3a OelTKOB IOCPEACTBOM KJIOHHPOBAHUS TCHOB 3YKAPHOT MOXKET CIy-
KHUTb OCYIIECTBJIEHHBIA TakHM 00Opa3oM cHHTe3 uHTepdepoHa yenopeka (HH-
TepdepoH —6es10k, obnanaronmii IPOTUBOBUPYCHBEIM NeHCTBHEM B KJIETKAx
4eJIoBeKa M, BO3ZMOXHO, IIPOTHBOONYXOJIEBBIM NeHCTBHEM BOOOIILE).

Jpoxokesble KETKM HauboJiee NOAXOAST, IO-BHAUMOMY, JJIsl IPOU3BOJI-
CTBa He COJCPKAIIMX BUPYCH BAKIHH NIPOTHB O0JIE3HH 4EIOBEKa, BHI3BIBAE-
MOH BHPYCOM renaTuTa B. DTOT BHPYC COCTOUT U3 HYKJICOMPOTEHHOBOTO KO-
pa, COmepXaruero reHoM BUpyca M OKpyxeHHoro ¢ocdommnuaHoi MeMOpa-
HOU, MOBEPXHOCTb KOTOPOH COCTaBJISIOT KOJAUPYEMBbIE TEHOMOM BHUpYCa
OeJiIki. AHTHTEHHO AKTHBHOH COCTABJIAIOINEH ABJIAETCA OEJOK NOBEPXHOCTU
BHUPYC4, OHAKO JUIsS CUJILHON aHTHICHHOM aKTHBHOCTH HEOOX0IHMO, 4TOOL!
9TOT GeJiok Bxoaui B coctaB docomunuaHoi memOpansl. MemOpanHas cu-
CTEMa JPOXXKEBLIX KJIETOK aHAJIOTHYHA CHCTEME [PYIHX JYKapUOTHYECKUX
OpraHu3MoB H OTJHYHa 0T MeMOpaHHO# cucteMsl E. coli. Korna 6enox, xo-
OUPYEeMbIil KJIOHHUPYEMBIM T€HOM BHpyca remarura B, HakamjimpBaeTcs
B JIPOXOKEBBIX KJIETKaX, TO 00pa3yroTcss docdonununnble 4acTHIbl ¢ OesKo-
BO# MOBEPXHOCTHIO, KOTOPhIE CIOCOGHBI HHAYUHMPOBATH MPOU3BOACTBO BakK-
UHAPYEMBIM OPraHM3MOM aHTHTEN NIPOTHB BUpyca B HeynoM. C apyroif cro-
POHBI, TIPH HAKOIUIEHNHW 3TOro Oenka B kierkax E. coli oH He cBA3bIBacTCA
¢ dochonunEaaMH U MOITOMY HE BBI3BIBAET CHJILHOM AHTUIEHHOM peaKiuH.

IpumMenenne MetonoB pexkoMmbunantabix JHK x dyHIaMeHTanbHBIM re-
HETHYECKMM MCCJICHOBAHHUAM MBI PACCMOTPHM B Pa3JHYHBIX IJ1aBaXx BTOPOH
YaCTH.
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KiroueBnie cioBa M HNOHATHSA

Bbubnuortexka resoma

Bextop mns xnonuposanus JHK

3oun

Kapra caiiToB pecTpuxuuu

Kunetuka penatypamuu JHK

Jlunxep

Meton Cay3sepna

OnpepeneHde HYKJISOTHIHOH TIOCIEN0OBa-
TeNbHOCTH

IMasuHApPOMHAS HYKJIEOTHAHAS MOCIEI0Ba-
TEJILHOCTh

IMporynka mo xpomMocome
PexoMbunantas JTHK

Vpaprenue Cyt

®epmenT Momuduranun JTHK

®epMmenT pectpukuun JHK
QnexTpodopes B reiue

3anadu

(s

{ .1.:}Hpenapar nuHedno# BupycHod JTHK
“o0pabaThIBalOT yKa3aHHLIMM HUXE epmen-
TamMH U uX KomOuHanwmeit. [TomyuuBmmiics
HabOp PECTPUKTOB MOABEPraioT JIEKTpodo-
pe3y. Ha ocHOBe npeacTaBiIeHHEIX B TaOmie
pe3yIbLTATOB TIOCTPOITE KapTy PECTPHKIMU
Bupycuod JHK.

Ly

HpenapaT KOJIBICBOM IJIa3MHUIHOR
JHNK-ToasepraroT [AEHCTBUIO YKAa3aHHbIX
dbepMeHTOB, a 3aTeM aHaU3UpyoT dpar-
MEHTBI ITpH ek Tpodopese B rene. Menons-
3ys MNpPEACTaBIeHHYIO HHQopManumo, Mo-
CTPOMTE KapTy PeCcTPUKIHU ITOH MIIa3Muj-
nou JJHK.

Pasmeps! pparmenra

DepmenT (8 T.o.H) (I T.O.H. =
= 1000 m. 1)

Bgl 11 5110

Hga 1 5110

Sma 1 2u 13

Bgl 11 n Hga 1 5

Bgl II 1 Sma 1 2,5u8

Hga 1 n Sma 1 2,3u 10

DepmeHT PaaMep?}r (}I)p:;MCHTOB
Xma 1 20
Mbo 1 10
Xma 1w Mbo I 3,71 10

.

{ 9.3.‘HpenapaT JuHelHoN Bupycuoi JHK
oépaﬁdmma}or pectpukTasoi Sma I no mos-
HOTO DACIlETUIEHHs. DJEeKTpo¢ope3 B reie
BBISIBIISIET TIPUCYTCTBHE (PPArMEHTOB Clle-
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AyrommMx pasmepos (r.mu.): 10, 7, 6, 3 u 2.
IMapannensHo uHTaKTHy!0 BHpycHyro JHK
PacCIENIIAIOT TOH Xe SHAOHYKJIea30il Heno-
HocThio. [lostydeHHBIE MpH HENONHOM pac-
HIETUIEHHH AT ($pParMeHTOB 0003HaYEeHBI
B OpsKE yOLIBaHHUSA pasMepoB OyKkBaMu OT
A no E. 3aTeM kaxablii u3 3Tux GparMeHTOB
06paboTan pecTpuKTa30ii Sma I 10 moaHOrO
pacLueUIeHUs H IOABEPrHyT 3IeKTpodopesy.
INomydeHHble pe3ymbTaThl NIPEICTABIEHBI
B Tabmune. [locTpoiite kaprTy pecTpUKIUH
Sma 1 upycnoii JJHK.

DparMeHTEl, NMOJy4YeHHBIE
TIPH HETOJIHOK PEeCTPHK-

Pasmep (parMeHTOB
mocse HOJHOH PEeCcTPHK-

MM 1M (B T.ILH.)
A 10; 6; 2
B 7;6; 2
C 10; 3

D 7; 2

E 6; 2

»

9.4. Ilpenapar KoJbIEBOH IIAa3MHUIHOM
JHK nmunoi# 18 T. 1. H noaBepraroT NOJIHOH
pecTPUKIIUH SHAOHYKIea30i Kut 1. DnexTpo-
¢dopes B rene BHIABIAECT HanH4Me (parMeH-
TOB CIIeAyIOMHMX pa3MepoB: 5,0; 4,0; 3,5; 3,0;
1,5 u 1,0. HemomnHas pecTpukius HHTAKTHOR
nnasmunHo# JHK Toii ke sHIOHYyKJIEa30i
€ MOCTIEAYIOUMM pa3aeieHineM HparMeHToB
HOCpPeNCcTBOM 2JIeKTpodope3a B Tene Mo-
Ka3bIBAET CYIIECTBOBAHME IATH PPArMEHTOB,
0003HAYECHHBIX B IOPAIKe YOBIBAHUS pa3Me-
poB 6ykBamu oT A 1o E. PesynbTaThl mocile-
IyIOIed HOJHOM pecTpUKUHH 3THX ¢par-
MEHTOB IIpecTaBieHbl B Tabmune. [TocTpoi-
T€ PECTPUKIHOHHYIO KapTy KOJILIEBOMH Mia3-
mugHoi JHK.

PasMmepsl pparMeHToB
MOCJIe MOJIHOR PEeCTPHK-
iy

DparMeHTHI [IPH HENOJ-
HOH pecTPUKIHH

50; 30; 10
3,5; 3,0; 1,0
50; 1,5
3,5; 1,0
40; 3,0; 1,0

mTOw >

9.5. ®parMeHT, NONy4YeHHBIH IpU pacie-
nnenud pectpukrasoil BglII JHK Cannabis
sativa xyoHupyercs B caiite BamHI nnas-
muasl pBR322. Ilpu monbiTke BBIAETHTL
3TOT BaXHBIH yyacTok u3 miazmuason JHK
okaselBaeTcs, uTo HU BamHI, uu BglIl ne
BeipesaroT JJHK C. sativa u3 nma3MumHoi.
IMouemy ? Kako#i ¢hepMeHT peCTPUKIIHH Clle-
ZIyeT UCIIOJIL30BaTb, YTOOLI BLIACIUTL PACTH-
TenpHyro JJHK u3 pexomMOUHaHTHON mmas-
MHABL?

9.6. I1pu KOHCTPYHPOBAHHH BEKTOPOB Ce-
pUM XapoOH OKa3bIBAETCH, U4TO Bce ¢aroBble
Y4acTUIbl HECYT BcTpoeHHble yyacTku JHK.
IMoyemy He obHapyxuBaroTcsA daroebie 4a-
CTHIIBI, KOTOPBIE HECYT JUIIB JIEBOE H IIPABOEC
TI€10 MOJIEKY kI JHK sexTopa.

;“ L1\ JIunennsit dparment JHK EcoRI
JUINHOM 2,5 T.ILH. C eJMHCTBEHHBIM CaiTOM
pectpukuun Hhal xioHHpyeTcs B caiite
Eco RI nmnasmunel pmuaot 5 T.1mH. KapTet
pecTtpukuuu 3THX AByX MoJekyn JJHK uzo-
opaxeHnbl Ha puc. 9.20. YyacTku MHHEHAHOM
OHK Moryr OBITH KJIIOHHpPOBaHB B ABYX
OPUEHTAIHUAX.

Eco RI
Hin dlII

Puc. 9.20. KapTe! caliToB pecCTpHKIIMH MOJIEKYJI
JHK u3 ycaosus 3apauu 9.7.

1) KakoBel gBa cnocoba opueHTanuu?
2) CoBmectHas 06paboTKa pecTpukTasa-
mu HindIll u Hhal paer dparMenTs Iim-
Hoil | 1 6,5 T.m. 1. KakoBa opuenTanus xio-

CJIeIOBATENBHOCTh HYKJIEOTHIOB OMpenesIi-
jmach crnocoboM, cxeMaTH4ecKH u300pa-
*KeHHbIM Ha pHc. 9.8. Pe3ynpTaTel mpeacra-



9. Memoowt pabomer ¢ JIHK

BireHbl B Tabymme. Kakosa Hykneotumsas
IOC/IEA0BATENLHOCTL PparmenTa’?

C T A G

9.9. Pacmmennenvie JHK dara A pectpu-
ktaszoi HindIll paer cemp ¢parmenToB
(puc. 9.7). IlIpoaymaiiTe MOCTAaHOBKY MPOCTO-
IO JKCNIEPHMEHTA C HCHOJb30BAaHHEM IIOJH-
HYKJICOTHAKHUHA3BI, MO3BOJIAIONIETO OIpede-
JIMTb, KAKHE U3 ABYX QparmMeHTOB ComepxaT
KoHueBble Toukd JHKA.

9.10. Jdano nBa mpenapata HHTAKTHOH
JAHK ¢ara A: onuH OUKOro THNa @ BTOPOH
A dgal. @ar A dgal KOMIIEMEHTHPYET My-
TaHTel N0 TeHy K, HO He KOMILIEMEHTUPYET
MyTaHTHI 10 TeHy J (cM. puc. 7.7). CpaBuuTte
xapTuHy pacnpenenenus HindIIl - pectpuk-
TOB, KOTOPYIO Bbl OXHIACTE MOJYYHTH IPH
pacuerienun JJHK A dgal, ¢ cootBeTcTBYyI0-

1,0
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el kaptudoi a11 JHK dara nuxoro Tumna,
IpeacTaBieHHoM Ha puc. 9.7. ITonusli oTBeT
TpeGyeT peuleHus 3amadu 9.9.

9.11. Vicnonb3yeMele NIpH KJIOHHPOBAHUH
¢daru A MoryT BxIr04YaTh A0 20 T.IL.H. HHTE-
rpuposanHoii uyxkeponsoin JHK. C apyroii
CTOPOHBL, XocMHUBI (THOpHA dara A ¢ mias-
MHI0H) MOIYT BKJIIOYaTh H HEPEHOCHTH O
54 1. 1. 1. uyxeponHoit JHK. Uto 6uI Bul BHI-
6panu npu coznanuu 6udmuorekn JHK ue-
noBeka H moueMy? I'eHoM yenoBexa conep-
XHT 0K0JIO 3-10° HyKIeOTHAHBIX mHap.

9.12. Ha puc. 9.21 uzobpaxen rpaduk
KHHETHKH PpeHaTypauuH ¢parMeHTHPOBaH-
noit JJHK Ttpormomurta. UTo BB MOXeTe
CKa3aThb O €ro FeHoMe, OCHOBBIBASICH HA Clle-
Ayromux xandeix: 1) renoM E. coli comepxur
3,2-10° map HyKJIEOTHIOB M KMEET MOJI. Mac-
cy 2,5-10° Ja; 2) rpad¥x KUHETHKH PEHATY-
pamuu JHK E. coli, npouszBoauBIIEiics B TeX
XK€ YCIOBHSX, 4TO W IpPEICTABIEHHLIH Ha
puc. 9.21, xapakTepu3yeTcsl  3HA4YCHHUEM
Cotyyp =5; 3) comepxanne JHK B crmepme
TporiIogdTa cocTaBisteT 37,5-10° Ha.

9.13. Cepbe3Hble pa3HOTIIACUA BBI3LIBAECT
BOIIPOC O TOM, SIBJISIFOTCS JIH XPOMOCOMBI 9Y-
KapuOT YHHHEMHBIMH HIH IOJHHEMHBIMH,
T.€. COOEepPXaT U OHH OIHY HUIH HECKOJIBKO
upentuaebix JJHK. Kak moxeT ciocobcTBO-
BATL PELICHHIO ITOr0 BONPOCA HUCCIeAOBa-
HI¢ KHHETHKH PeHATypaIu?

10 75 100
cot

Puc. 9.21. Kunetuka penatypanun ¢pparmentuposannod JHK tpormoanta u3 ycio-

BHS 3amaud 9.12,
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