
zg.o 

6.?Ytjt2 
B.H.Koporo,nHH 

Ofi'bBAMHBHHbll 
MHCTMTYT 
RABPHbiX 

MCCJBAOB8HMI 

AYfiHa 

Pl9-83-623 

KAPHOTAKCOHH, HA~E.HOCTb rEHOMA 
H BHOROrHqECKAH 3BORmUHH 

HanpaelleHo e >KypHall ••np~-tpoAa 11 

1983 



MYTArEHE3 ~ HAAEmHOCTb rEHOMA 

flaMRmu MOeco y~umeAR 

H.B.TuMo¢eeea-PecoecKoco 

HacneACTBeHHaH ~H~opMa~~H noAaBnH~~ero 6onbW~HcTea opraH~3-
MOB 11 3an~caHa" e MoneKynax AHK. 3To - ~H<)lopMa~~H o nocTpoeH~~ 
HereHeT~4eCK~X CTpyKTyp KneTOK ~ OpraH~3MOB, KOTOp~e o6ecne4~

Ba~T KOHBap~aHTHy~ peAynn~Ka~~~ reHeT~4ecKoro MaTep~ana e noA
XOAH~~x ycnOB~HX. laKy~ ~HTepnpeTa~~~ <)leHOMeHa ~~3H~ npeAnO~~n 
r.Mennep 6onee nonyBeKa TOMY Ha3aA/I/. 

TepM~H "KoHeap~aHTHaH peAynn~Ka~~H" eeeAeH e reHeT~KY H.B.T~
Mo<)leee~M-PecoecK~M/2/. 3TOT TepM~H 03Ha4aeT, 4TO KOn~poBaH~e re
HeT~4eCK~X CTPYKTYP np~ pa3MHomeH~~ KneToK ~ opraH~3MOB He ecerAa 
6~eaeT a6con~THO T04H~M. C TOA ~n~ ~HOA 4aCTOTOA B XOAe KOn~po

BaH~H B03H~Ka~T ~3MeHeH~H reHeT~4eCK~X CTPYKTYP - My T a~~~ . 
Pa3n~4a~T TP~ OCHOBH~X B~Aa MyTa~~A - reHH~e, XpOMOCOMH~e ~ re
HOMH~e. MyTa~~~ reHOB o6pa3y~TCH B pe3ynbTaTe nepecTaHOBK~, e~

naAeH~H ~n~ BCTaBK~ OThenbH~X HYKneoT~AOB B KaKoM-n~6o noKyce 
AHK. MyTa~~~ xpoMocoM - 3TO ~3MeHeH~H MecTonono~eH~H y4aCTKOB 
XpOMOCOM /~HBepc~~, C~MMeTp~4H~e 06MeHbl/ ~n~ B03H~KHOBeH~e TaK~X 
XpOMOCOMH~X aHOMan~A, KaK ac~MMeTp~4H~e o6MeH~, Aene~~~. <)lpar
MeHT~, KOnb~a. reHOMH~e MyTa~~~ - ~3MeHeH~H 4~cna XpOMOCOM B re
HOMe. np~4~H~ B03H~KHOBeH~H MyTa~~A B np~pOAH~X ycnoB~HX e~e 
HeHCH~. 

KaK cnoHTaHHo, TaK ~ np~ AeAcTB~~ "~cKyCTBeHH~x" <)l~3~4ecK~x 

~ X~M~4eCK~X MyTareHOB, o6pa3y~TCH CXOAH~e B Ka4eCTBeHHOM OTHO
WeH~~ MyTa~~~. 3To no3eonHeT MOAen~poeaTb MyTa~~OHHbiA npo~ecc, 
npo~CXOAH~~A B np~pOAe, AeACTB~eM ~CKYCCTBeHH~X MyTareHOB - Ha
npHMep, HOHH3~py~~HX H3ny4eHHA/2/, 

nocneACTB~H AnH ~~B~X KneTOK ~ opraH~3MOB pa3Horo POAa MyTa
~HH paanH4H~. TaK, MyTa~~H reHoe peAKO 6~ea~T neTanbH~: e~3~ea

eM~e ~M~ H3MeHeH~~ CTPYKTyp OTAenbH~X 6enKOB ~n~ perynH~~~ HX 
CHHTe3a 06~4HO COBMeCT~M~ C ~H3HeCOOC06HOCTb~. He np~BOAHT reH
H~e MyTa~H~ H K cy~ecTeeHH~M ~3MeHeHHHM Kon~4ecTea AHK e KneTKax. 
MyTa~HH XPOMOCOM, HanpoT~B, 4aCTO neTanbH~, a KOrAa He B~3~Ba~T 
r~6enH KneTKH, TO MOryT np~BOA~Tb K yMeHbWeHH~ ~nH yeenH4eHH~ 
coAepmaHHH e HeA AHK. reHOMH~e MyTa~HH nH6o neTanbH~, nH6o B~3~
ea~T 3Ha4HTenbH~e H3MeHeHHH KOnH4ecTea reHeTH4ecKoro MaTepHana 
B KneTKaX. . ... .._ ........... -.r. ~·_ ....... 
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nporpeCCHBHOe pa3BHTHe opraHH3MOB, OT nepBH4H~X OAHOKneT04H~X 
AO B~CWHX pacTeHHR H mHBOTH~X, TeCHO CB~3aHO C ysenH4eHHeM B 
KneTKaX KOnH4eCTBa ,QHK/3/. 3TO ecTeCTBeHHO: 4T06bl o6ecne4HTb 
penpOAYK4H~ reHeTH4ecKoro MarepHana a 6onee pasHoo6pa3H~x ycno
BH~x cy~ecrsosaHH~, rpe6y~Tc~ 6onee cnomHo ycrpoeHH~e '~neparo
Pbl11, An~ KOAHPOBaHH~ KOTOPbiX Heo6XOAHMO 6onbwee KOnH48CTBO HacneA
CTB8HHOR HH~OpMa4HH. BoT no4eMy KpaRHHe npeACTaBHTenH 4apcrsa 
mH3HH pa3nH4a~TC~ B 3TOM OTHOWeHHH 04eHb CHnbHO, B 106 - 107 pa3. 
MomHO nonaraTb, 4TO OAHHM H3 rnaBH~X HCT04HHKOB ysenH4eHH~ B 
KneTKaX reHeTH48CKOR HH~OpMa4HH cnymaT XPOMOCOMH~e H reHOMH~e My
Ta4HH, TOrAa KaK MyTa4H~M reHOB npHHaAnemHT BeAy~a~ ponb B 11 noA
rOHKe", "npHWnH<!JOBK811 reHOTHnOB K ycnomH~~UIHMC~ ycnOBH~M o6HTaHH~. 

EcnH npHH~Tb, 4TO 4aCToTa B03HHKHOBeHH~ MyTa4HR nocro~HHa Ha 
8AHHH4Y .QHK, TO MOmHO OmHAaTb, 4TO C ysenH4eHHeM COAepmaHH~ B 
KneTKaX .QHK sepo~THOCTb MYTHPOBaHH~ reHOB H XPOMOCOM Ha OAHO Ae
neHHe KneTKH 6yAeT eospacraTb. KaK 3To cKamerc~ Ha CYAb6e KneroK, 
opraHH3MOB H nonyn~4HR? YeenH4eHHe MyTa6enbHOCTH MomeT cnoco6-
creosaTb YCKopeHH~ 3BOn~4HH, HO B TO me BpeM~ 6YA8T npHBOAHTb 
K noB~WeHH~ 4aCTOT~ MyTa4HR, He6naronpH~TH~X An~ B~mHBaHH~ Kne
TOK H opraHH3MOB. no3TOMY reHeTHKH AaBHO npHWnH K B~BOAy: MyTa-
4HOHH~R np04ecc AOnmeH TaK KOHTpOnHpOBaTbC~ 8CT8CTB8HH~M OT60pOM, 
4T06~ 4aCTOTa MYTHPOBaHH~ y pa3H~X opraHH3MOB COXpaH~naCb B He
KOTOP~X onTHManbH~X An~ HHX HHTepsanax 3Ha4eHHR/4,5/. 

0TpH4aTenbH~e nocneACTBH~ CnHWKOM B~COKOR MyTa6enbHOCTH AOnm
H~ npo~sn~TbC~ 6wcrpee H ~p4e, 4eM OTPH4aTenbHWe nocneACTBH~ Hs-
_n~~~LJ~ LJIA~~'.:'~~ ~~.:-=:~:~· 6.J\I'T"IAI""'I"'H,""\UIA("' ni""\ ..... TI'"\U\1 l.H'"I\.UUf"'\ n\IU~TL ti'T"f"'\ VI'"\U-

TpOnb 3a MyTa6enbHOCTb~ CO CTOpOHW ;~~;~;B~~~~~O~;~~O~~ Ha~pas
neH npemAe ecero Ha To, 4To6w npeAOTspaTHTb ee noe~weHHe ceepx 
HeKOTOp~X npeAenbHO-AOnyCTHMWX 3Ha4eHHR, nyCTb AaMe 4eHoR CHH
meHH~ 4aCTOT~ MyTHpOBaHH~ HHme onTHManbHOrO YPOBH~. HHWMH cno
BaMH, 3A8Cb BamHO, 4T06W HaAemHOCTb reHOMa He 6wna CnHWKOM HH3-
KOR, - a CKOnb OHa OKameTC~ BWCOKOR, yme MeHee CYUI8CTBeHHO. 

noA HaAemHOCTb~ reHOMa 6yAeM nOHHMaTb ero yCTOR4HBOCTb 
K AeRCTBH~ pa3HWX ~aKTOpOB /6e3pa3nH4HO, 3HAOreHHOR HnH 3K30-
reHHOR npHpOAW/, BW3WBa~UIHX MYTHPOBaHHe XPOMOCOM H reHOMa - oc
HOBHOrO HCT04HHKa neTanbHWX reHeTH48CKHX H3M8H8HHR. 

B Ka4ecrse HHCTpyMeHTa, ew~en~~111ero HaAemHOCTb reHOMa, YA06-
HO HCnonb30BaTb HOHH3HPY~ll1He H3ny4eHH~. B OnbiTaX C HOHH3HPY~UIHMH 
H3ny4eHH~MH MOmHO KOnH48CTBeHHO T04HO oxapaKTepH30BaTb 4YBCTBH
TenbHOCTb KneTOK pa3HWX opraHH3MOB H MyTa6enbHOCTb HX XpOMOCOM, 
4TO He scerAa YAaerc~ npH Hcnonb3osaHHH APYrHx MYTareHos; no3TOMY 
BWBOAW, K KOTOPWM npHSOAHT aHanH3 pe3ynbTaTOB paAH06HOnOrH48CKHX 
3KCnepHM8HTOS, o6naAa~T B~COKOR AOCTOBepHOCTb~. npHMeHeHHe HOHH-
3HPY~UIHX H3ny48HHH n03BOnHT HaM 888CTH Mepy HaAemHOCTH reHOMa; 
048HHTb HaAemHOCTb reHOMa opraHH3MOB, OTHOC~UIHXC~ K pa3HWM TaK
COHOMH48CKHM rpynnaM; o6CYAHTb nyTH H3MeHeHH~ HaAemHOCTH reHOMa. 
B 3aKn~4eHHe nocMOTPHM, KaKHe nocneACTBH~ 3TO Morna HMeTb An~ 

3BOn~4HH. 
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HA,QEJ!<HOCTb rEHOMA H CO,QEPJKAHHE ,QHK 

rH6enb KneTOK npH A8RCTBHH HOHH3HPY~111HX H3ny4eHHR o6ycnosneHa, 
rnaBHWM o6pa30M, MyTa4H~MH XPOMOCOM. nep8H4H~MH C06WTH~MH, npH
BOA~UIHMH K TaKHM MyTa4H~M, ~Bn~~TC~ B OCHOBHOM pa3pb1Bbl MOneKyn 
.QHK. PacnonaraR I<PHBbiMH BblmHBaHH~ KaKHX-nH60 KneTOK H Hcnonb3YR 
TeOpH~ MHWeHH, MO~HO pacC4HTaTb senH4HHY D0 A03bl o6ny4eHH~, npH 
KOTOpoR Ha KamAY~ KneTKY B cpeAHeM npHXOAHTCR no OAHOMY neTanb
HOMy nospemAeHH~/6/. 4eM MeHbWe D0 , TeM 6onbWe paAH04YBCTBHTenb
HOCTb KneTOKj 4eM 6onbwe D0 , TeM 6onbWe paAHOpe3HCTeHTHOCTb. 

3aBHCHMOCTb senH4HHbl D0 OT COAepmaHHR ,QHK B KneTKe AnR pas
HbiX mHBbiX opraHH3MOB MOmHO OnHCaTb 48TblpbMR napannenbHbiMH np~
MbiMH, HAYUIHMH BHH3 nOA yr noM 4 5°: An~ KneTOK, KOTOpbiM COOTBeTC Tsy
eT KamAa~ H3 3THX np~MbiX, paAH04YBCTBHTenbHOCTb yeenH4HBaeTC~ 
npRMO npo?OP.4HOHanbHO COAepmaHH~ ,QHK. TaKHe rpynnbl opraHH3MOB 
A.Cneppoy 7/ npeAnomHn Ha3biBaTb paAHOTaKcoHaMH. ~kcneAosa
TenH/8,9/ AaBHO yme o6paTHnH BHHMaHHe Ha TOT 3aMe4aTenbH~R ~aKT, 
4TO KamAWR paAHOTaKCOH 06beAHH~eT opraHH3MW CO CXOAHOR opraHH-
3a4HeH reHeTH4ecKoro annapara: 1 - BHPYCbl c OAH04eno4e4HOR PHK 
HnH .QHK; 2 - BHpycw c ABY4eno4e4HOR ,QHK H APYrHe npoKapHOTW; 
3 - HeKOTOpWe npoKapHOTW H, 4TO OC06eHHO HHTepeCHO, 3yKapHOTW
rannOHTW; 4 - 3yKapHOTW-AHnnoHTW, or AHnnOHAHWX APOmmeR AO ewc
WHX pacTeHHH H mHBOTHbiX. 3TO 03Ha4aeT, 4TO B KamAbiR paAHOTaKCOH 
BXOART opraHH3Mbl, OTHOCRUIHeCR npeHMYUieCTBeHHO K OAHOMY H TOMY me 
KapHOTaKCOHy/10/. 

BenH4HHY D0 MOmHo BblpasHTb e 3B/nr. TorAa npoH3BeAeHHe D0 C 
/rAe C - COAepmaHHe .QHK B KneTKe/ 6yAeT HMeTb pa3MepHOCTb 36, a 
KOnH4eCTBeHHO 6yAeT paBHO 3HeprHH H3ny4eHHH, norno111eHHe KOTOpOH 
B .QHK KneTKH COOTBeTCTByeT B03HHKHOBeHH~ OAHOrO neTanbHOrO no
spemAeHHR/10/. 3Ta senH4HHa, HeCKOnbKO sapbHpyeMaR AnR KneTOK, 
OTHOCRUIHXCR K OAHOMY H TOMY me KapHOTaKCOHy, yeenH4HBaeTCR C yse
nH4eHHeM ero nopRAKOsoro HOMepa. 

4eM 6onbWe Tpe6yeTCR 3HeprHH, 4T06bl nospeAHTb reHeTH4eCKHR 
annapar, reM OH HaAemHee, ycroR4HBee. no3ToMy AnR 04eHKH reHoMa 
MOmHO HCnOnb30BaTb senH4HHY D0 C H B~pamaTb ee B KOnH4eCTBe 3Hep
rHH, COOTBeTCTBy~eH B03HHKHOBeHH~ OAHOrO nospemAeHHR/10/.CpeA
Hee 3Ha4eHHe "K" 3ToR eenH4HHbl, pacc4HTaHHoe AnR opraHH3MOB, or
HOCRUIHXCR K OAHOMY H TOMY me KapHOTaKCOHY H BblpameHHOe B 36, Mom
HO Ha3BaTb HaAemHOCTb~ reHOMa AaHHOrO KapHOTaKCOHa. npH ne.peXOAe 
OT 1-ro KapHOTaKCOHa K 4-My HaAemHOCTb reHOMa B03paCTeT 
B 600 pa3, OT 100 AO 60000 3B /cM.Ta6nH4y/. 

0AHOCnHpanbH~e MoneKyn~ PHK HnH ,llHK; ABycnHpanbHble MoneKynbl 
,QHK; ABYCnHpanbH~e MOneKyn~ ,llHK, opraHH30BaHHWe B XPOMOCOMbl" 

v 6 ' ABOHH~e Ha Op~ XpOMOCOM - TaKOBbl 4eT~pe OCHOBHWX ypOBHR opraHH-
3a4HH reHeTH4ecKoro annapara mHs~x opraHH3MOB. C ycnomHeHHeM 
CTPYKTypHoR opraHH3a4HH reHoMa yeenH4HBaeTCR COAepmaHHe ,QHK B 
KneTKaX opraHH3MOB, OTHOCRUIHXCR K COOTBeTCTBY~HM KapHOTaKCOHaM 
/Ta6nH4a/. EcnH 6~ HaAemHOCTb reHOMa He 3aBHCena OT ypOBHR era 
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Ta6Jmu;a 

Ha,n:eJKHOCTb reHoMa opraHH3MOB pa3HbiX KapHoTaKCOHOB 

KapHo- CogepJKaHHe AHK !-lageJKHOCTb reHoMa, x!OO 3B 
TaKCOH, Ha reHOM, nr 

Cpej~Hee AoBepHTeJibHbie 
N' 

rpaHHI.J;bi, p=O, 05 

I0-6 - 10-4 I ,2 0,9 . I ,6 

-5 -2 
10,7 10 12 2 3·10 -3·10 . 

3 I0-3 10-l 45,8 40 . 50 

4 I0-2 
10

2 610,5 480 750 

CTPYKTYPHO~ opraH~3a~~~. TO c ysen~4eH~eM coAepmaH~R AHK 4yscT
B~TenbHOCTb KneTOK K MyTareHaM KaTaCTpOQl~4eCK~ B03paCTana 6bl: 
AnR KneTOK 4enoseKa D0 6~na 6~ 6n~3Ka K 0,01 rp, T.e. B COTH~ 
pa3 MeHbwe, 4eM a Ae~cTB~TenbHOCT~. 3Toro, OAHaKo, He npo~cxo
A~T: cTyneH4aToe noa~weH~e HaAemHoCT~ reHoMa np~ nepexoAe OT 
OAHOro Kap~OTaKCOHa K APYrOMY KOMneHc~pyeT CeHc~6~n~3~py~~~~ 
3¢Q>eKT ysen~4eH~R coAepmaH~R AHK a KneTKax. 

YposeHb MyTa6enbHOCT~ a np~pOAHbiX ycnoa~Rx o6ycnoan~aaeTcR 

II.Jt!MR U(.;HUI:IHbiMI-1 qJaK TUpaMI-1; Hd#-!t!111HUI.. I biiJ I t!HUMd1 (.;U#-It!IJ111dHI-1t!M 1:1 Ht!M 

AHK ~ sen~4~Ho~ MyTareHHoro Q>oHa. Ecn~ np~HRTb, 4TO MyTareHH~~ 
Q>oH a pa3H~x per~oHax 3eMn~ ~ so see apeMeHa 6~n np~MepHo OA~Ha

Koa, OCTa~TCR ABa nepB~X ~aKTOpa. 

H3 onpeAeneH~R HaAemHOCT~ reHoMa cneAyeT, 4TO ycT0~4~BoCTb 
KneToK K MyTareHH~M so3Ae~cTs~RM D = K/C. Cn~wKoM s~coKaR MyTa-

o 6 " 6enbHOCTb MOmeT He6naronp~RTHO CKa3aTbCR Ha CYAb e nonynR~~~. 

no3TOMy, ecn~ Do He MomeT 6~Tb MeHbWe HeKOToporo KP~T~4eCKoro 
3Ha4eH~R, TO MaKc~ManbHOe Kon~4eCTBO AHK, KOTopoe MomeT coAep
maTbCR B reHOMe AaHHOrO ypoBHR CTpyKTypHO~ opraH~3a~~~. 6yAeT 
onpeAenRTbCR npemAe scero ero HaAemHOCTb~: KneTKa He MomeT co
AepmaTb 6onbwe HacneACTSeHHO~ ~H¢opMa~~~. 4eM AOnycKaeT npo4HOCTb 
ee HOC~TenR. 

no Mepe yaen~4eH~R AHK y opraH~3MOS AaHHoro Kap~oTaKCOHa, no 
Mepe ero np~6n~meH~R K 3Ha4eH~~. KOrAa MyTa6enbHOCTb yrpoma~~e 
so3pacTaeT, HaAemHOCTb reHoMa np~o6peTaeT, no-s~A~MoMy, see 6onb
wy~ ceneKT~BHY~ ~eHHOCTb. B 30He Kp~T~4eCKO~ MyTa6enbHOCT~ ecTecT
seHH~~ OT6op AOnmeH 6~n nOAXBaT~BaTb ~ 3aKpennRTb n~6~e ~3MeHe
H~R, nOBbiWa~~~e HaAemHOCTb reHOMa. "reHOMHble apOMOpQ>03bl 11

, KOrAa 
npo~CXOA~no pe3KOe nos~WeH~e ero HaAemHOCT~, Cy~eCTSeHHO CAS~
ran~ ssepx rpaH~~~ npeAenbHO-AonycT~Moro coAepmaH~R AHK ~ TeM 
CaMbiM OTKpbiSan~ HOBble S03MOJKHOCT~ AnR nocneAY~~ero ysen~4eH~R 

4 

Kon~4ecTsa reHeT~4eCKO~ ~HQ>opMa~HH. B XOAe 3son~~HH TaKHe co6~
THR npOHCXOAHnH no MeHbWe~ Mepe TpHmA~; OC06eHHO S03pocna HaAem
HOCTb reHOMa npH nepeXOAe OT 3yKapHoT-rannOHTOB K AHnnOHTaM. 

KoHe4HO, HaHsHo C4HTaTb, 4TO 3son~~HR wna no npRMOMY nyTH OT 
SHpyconOA06H~X opraH~3MOS AO MneKOnHTa~~HX, a 6HonorH4eCKH~ npo
rpecc COCTORn TOnbKO S MOHOTOHHOM yaenH4eHHH KOnH4eCTSa reHeTH-
4eCKO~ HHQlOpMa~HH.0praH~3a~HR reHOMa npeAKOB COSpeMeHH~X npOKapH
OT e~e AHCKyTHpyeTCR/11/.8 XOAe nporpeCCHBHO~ 3SOn~~HH OTAenbH~X 
TaKCOHOS npOHCXOAHno,no-SHAHMOMy,KaK yaenH4eHHe,TaK 1-1 peAYK~HR 

KOnH4ecTsa AHK Ha reHoM/121.3To,oAHaKo,He npoTHsope4HT s~SOAY, 
KOTOp~~ MOJKHO CAenaTb 1-13 SCero CKa3aHHOro: HaAelKHOCTb reHOMa RS
nReTCR cy~ecTseHHbiM Q>aKTopoM, nHMHTHPY~~HM COAepmaHHe s HeM AHK, 
a nOSbiWeH~e HaAemHOCTI-1 npH nepeXOAe OT OAHOrO KapHOTaKCOHa K APY
roMy - Heo6xoAHMaR npeAnoc~nKa AanbHe~wero ysenH4eHHR reHeTH4ec
KO~ HHQlOpMa~HI-1. TaKOSa S03MOmHaR ponb HaAemHOCTH reHOMa S nporpec
CHBHO~ 6HonOrH4eCKO~ 3SOn~~~H. 

AHnnOHA-CnEUH<PH4ECKA~ PEnAPAUHR 

BbiCKa3aHHoe SbiWe nonomeHHe, AYMa~, MOmHo paccMaTpHsaTb KaK 
rHnOTe3y, 3acnyJKHSa~y~ SHHMaHHR. BeAb XOpowee COOTSeTCTSHe Ka
PHOTaKCOHOS paAHOTaKCOHaM He MOJKeT 6b1Tb npOCTO~ cny4a~HOCTb~, -
cKopee scero 3TO oTpamaeT o6~e6~onorH4ecKy~ 3aKoHoMepHoCTb. no3-
TOMY sonpbc 0 TOM, KaKOS~ MexaHH3M~ nOS~WeHHR HaAemHOCT~ reHOMa 
c ycnomHeH~eM ero CTPYKTYPHO~ opraHH3a~HH, TaKme npeACTasnReT 
o6~1-1~ HHTepec. 

BecbMa o6wHpH~e AaHHble o paAHa~HOHHo-xHMH4ecKoM s~XOAe OAH
H04H~x 1-1 ABO~H~x pa3p~sos AHK np~-1 ee o6ny4eHHH s pacTsopax 1-1 s 
JKHB~X KneTKaX n03SOnR~T C4HTaTb, 4TO HaAemHOCTb reHOMa Y KneTOK 
1-ro 1-1 2-ro KapHOTaKCOHOS ~MeeT QlH31-1KO-XHMI-14ecKy~ npHpOAy: Ha 
B03HHKHOBeHHe OAHH04HOrO pa3pb1Sa /4TO npHSOAHT K nospemAeHH~ OA
HOCnHpanbHO~ MOneKyn~ HyKneHHOSO~ KHCnOT~/ paCXOAyeTCR npH o6ny-
4eHHH S cpeAHeM OKOnO 1 00 38, a Ha B03HHKHOSeH~e ASO~Horo pa3pbl
aa /4TO npHSOAHT K nospemAeHH~ ABYCnHpanbHO~ AHK/ - OKano 
1000 38/9/. 6onee B~COKaR HaAemHOCTb reHOMa Y npeACTaBHTene~ 
3-ro KapHoTaKcoHa MomeT 6b1Tb o6cynosneHa HanH4HeM 6enKoaoro MaT
PHKCa XpOMOCOM, 6narOAaPR 4eMy AnR HX noapemAeHHR Tpe6yeTCR 6onb
we 3HeprHH, 4eM AnR o6pa3osaHHR ABO~Horo pa3p~sa s "rono~" MOne
Kyne AHK. BoT no4eMy HOPMHposKa HaAemHoCTH reHoMa no paAHa~HOHHo
XHMH4eCKHM SbiXOAaM nepsH4H~X nospemAeHH~ AHKI I 0/ AnR opraHH3MOB 
nepB~X Tpex KapHOTaKCOHOS AaeT senH4HH~, 6nH3KHe K eAHHH~e, -
ponb QlH3HKO-XHMH4eCKOrO Q>aKTOpa S o6ecne4eHHI-1 HaAeJKHOCTI-1 HX re
HOMOS RSnReTCR SeAy~e~. CosepweHHO HHaR CHTya~HR Ha6n~AaeTCR S 
cny4ae 4-ro KapHOTaKCOHa: 3AeCb Ha OAHO 6HonorH4eCKH-3Ha4HMOe 
nospemAeHHe npHXOAHTCR AO 30-40 ASO~H~X pa3p~soa AHK. TaK KaK 
CTpOeHHe XpOMOCOM y opraHI-13MOS 3-ro 1-1 4-ro KapHOTaKCOHOS 1-1AeH
TI-14HO, To pe3Koe nos~weHHe HaAemHoCTI-1 reHoMa /s 10-20 pa3!/ np~-1 
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nepeXOAe OT rannO~AH~X K A~nnO~AH~M 3yKap~OTaM ~~3~Ko-x~M~4ec
K~M ~aKTOpOM 06bRCH~Tb Henb3R. 

B PaA~06~onor~4eCKOM OTHOWeH~~ 6onee BWCOKaR HaAe~HOCTb reHOMa 
opraH~3MOB 4-ro Kap~OTaKCOHa npORBnReTCR B TOM, \.ITO A~nno~AH~e 
KneTKH 3yKap~oT, Hanp~Mep APO~~e~ Saccharomyces cerev1s1ae, 3Ha-
4~TenbHO ycro~4~eee K o6ny4eH~IO, 4eM ~3oreHHble rannOHAHble. BHa-
4ane 3TO 06bRCHRn~ TeM, \.ITO 6onbW~HCTBO o6ny4eHHbiX ranno~AH~X 
KneroK nor~6aer RKo6~ 3a c4eT reHH~x pe~ecc~eHwx neranbH~x My
ra~~~. no3~e 6~no ycraHoeneHo/13/, 4TO pe~ecc~BH~e neran~ np~ 
o6ny4eH~H B03H~Ka10T Kpa~He peAKO Aa~e y ranno~AH~X KneTOK, a ny-
4eByiO ~HaKT~Ba~~IO KaK rannO~AHWX 1 TaK ~ A~nnO~AHWX KneTOK BW3~

BaiOT B OCHOBHOM OAHOT~nH~e noepe~AeHHR 1 eeponTHee BCero - Myra
~~~ XPOMOCOM. 6wno YCTaHOBneHQ TaK~e, \.ITO A~nno~AHWe KneTK~, B 
orn~4~e or rannoHAHWx, cnoco6Hw K eecbMa 30~eKT~BHOMY nocrpaA~a
~HOHHOMY BOCCTaHOBneH~I0/14/, B XOAe KOTOporo n~KB~A~PYIOTCR ABO~
HWe pa3pwe~ AHK/15/. 3ro no3eonReT c4~TaTb, 4TO ewcoKaR HaAe~
HOCTb reHoMa a cny4ae 4-ro Kap~oraKcoHa a 3Ha4~TenbHO~ Mepe 
o6ycnaen~eaercR A~nno~A-cne~~~~4ecKo~ penapa~~e~. XopowHM 
nOATBep~AeH~eM 3TOMY cny~~T TOT ~aKT 1 \.ITO y APO~me~-caxapoM~~e
TOB Myra~~~ reHaB, KOHTpon~PYIOLIIHX penapa~~IO AHK, Mana cKa3biBa
IOTCR Ha paA~ope3~CTeHTHOCT~ ranno~AHWX KneTOK, HO pe3KO yMeHb
WaiOT YCT0~4~BOCTb K o6ny4eHHIO KneTOK AHnnOHAHbiX. naBbiWeHHO~ 4ye
CTBHTenbHOCTbiO K MyTareHHWM B03AeHCTBHRM OTnH4aeTCR TaKme reHe
TH4eCK~~ anna par ''penapa~HOHHWX MyTaHroe'' AP030~Hnw, MbiWH H 4e
noeeKa. 

n ...... ,...,... ........... ,...1" ............................ ,... ..... _,... ....................... ,... ......... "':. ................ _ .... ,, ................... t:. ........... ,.. ... 
,..., ..... , ........... ,_ ..... _ • ............. ,,,,,, M'"''"'' .... ''M ..... ,, .......... ,..,.,, , .......... ,,.._,, ,.. ..... ,,.,.,... .... ""11'''' ',_, .......... ., ..... ' ..... ,. 

HanH4He ABO~HOrO Ha6opa XPOMOCOM 1-1 nonHero KOMnneKTa penapa~HOH

HWX ~epMeHTOB: Henoepe~AeHHWe y4aCTKH OAHO~ H3 rOMOnorH4HWX xpo
MOCOM HCnOnb3YKlTCR B Ka4eCTBe 11o6pa3~a" AnR 11 n04HHKH 11 /c nOMOLIIbiO 
¢epMeHTOB/ noepemAeHHWX y4aCTKOB APYro~. Ecn~-1 KaKoe-nH6o 1-13 3THX 
ycnoBH~ He co6nKlAaeTcR, HaAemHoCTb reHoMa 6yAeT o6ycnoenHBaTbCR 
TOnbKO ¢H3HKO-XHMH4eCKHMH ¢aKTOpaMH, 1-1 AnR KneTOK 3yKapHOT KaK 
rannoHAHWX, TaK ~ AHnnoHAHWx, ee 3Ha4eHHe BPRA n~-1 cyllleCTBeHHO 
npeBWCHT 5000 3B. 3To 03Ha4aeT, \.ITO B cny4ae Ae¢eKTa CHCTeMW pe
napa~l-11-1 AHnnOHAHWe KneTKI-1 6YAYT OTHOCHTbCR K 3-My PaAHOTaKCOHY 1-1, 
CneAOBaTenbHO, 6YAYT 6onee 4yBCTBHTenbHW K MyTareHaM, 4eM ranno
HAHWe, - BeAb e HHX coAepmHTCR e ABa pa3a 6onbwe AHK. 

Ecn~-1 npeAnonomeHHe o ceneKTHBHo~ ~eHHoCTH HaAe*HOCTH reHoMa 
cnpaBeAnHBO, TO np~-1 OTCYTCTBI-11-1 Hnl-1 Ae¢eKTe penapa~HOHHO~ CHCTeMW 
3yKapHOT~-rannOHT~ AOn*H~ HMeTb ceneKTHBHOe npeHMYUieCTBO nepeA 
AHnnoHTaMH. B TaKoM cny4ae MomHo omHAaTb, 4TO CYUieCTBYKlUIHe e 
npHpOAH~X ycnOBHRX 3yKapHOT~-rannOHT~ Ae¢eKTH~ no CHCTeMe pena
pa~HI-1. 

AnR npoeepKH 3Toro npeAnono*eHHR HaMH/16,17/ 6~n1-1 Hcnonb30BaH~ 
APOmmH-rannoHT~ Pichia guilliermondii 1-1 P. pinus. AnR 3THX APOm
me~ xapaKTepHa 3HrOTH4eCKaR peAYK~HR 4HCna ~pOMOCOM 1-1 rannOHAHOe 
cocTORHHe a eereTaTHBHO~ ¢a3e mH3HeHHoro ~HKna. nonoeo~ npo~ecc 
B paBHO~ Mepe npHCYLII 1-1 APO*maM-rannOHTaM, 1-1 AHnnOHTaM, TOnbKO y 
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nepewx ecneA 3a KonynR~~e~ KneroK-raMeT npo~cxoA~T peAYK~~OHHoe 
AeneHHe ~ npopacraH~e eereraT~BHo pa3MHo~aiOUI~XCR acKocnop, a y 
BTOPWX 3~rOTa AaeT Ha4ano eereTaT~BHo-pa3MHO~aiOUI~MCR A~nnO~AHWM 
KneTKaM. 

nyreM noA6opa cocraea n~rarenbHO~ cpeAW y APO~~e~-rannoHTOB 
6~nH nony4eHw cTa6~nbHWe np~ AnHTenbHOM KynbT~BHpoeaH~~ A~nno~A
Hwe KneTKH. B onwTax ycTaHoaneHo, 4To y o6o~x B~AOB 31~X APO~
~e~ AHnnO~AHWe KneTKH 6onee 4YBCTBHTenbHW K o6ny4eH~IO, 4eM ranno
~AHWe/16/. 6wno o6Hapy~eHo raK~e, \.ITO AMnnoHA-cne~~$~4ecKaR pena
pa~HR y AHnnOAHWX KneToK 3THX APOm~e~ ewpa~eHa o4eHb cna6o/18/ 

B A~nno~A-cne~H¢~4ecKo~ penapa~~~ y APO~~eA, KaK ~ y ADYr~x 
opraHH3Moa, npHH~Maer y4acr~e 6onbwoe 4~cno ~epMeHroa. MHor~e ~3 

3T~x ¢epMeHroe Heo6xoA~Mbl 1-1 AnR APYrHx npo~eccoe ~~3HeAeRrenbHoc
T~ KneToK. CKopee ecero, OTAenbHwe ~epMeHTW penapa~~OHHoA c~cre
MW nepaoHa4anbHO B03HHKan~ He3aB~CHMO APYr or APYra, AnR peweH~R 

APYrHx 3aAa4 o6ecne4eHHR ~H3HeAeRTenbHOCT~ KneroK-rannoHToe. Tonb
KO nocne Toro, KaK ~x Ha6op oKa3ancn nonHOCTbiO yKOMnneKToeaH, 
BWRBHnOCb 1 \.ITO OHI-1 MOryT OCYUieCTBnRTb COBepweHHO HOByiO ¢YHK~HIO 
- BOCCTaHaBnHBaTb OT noepe~AeHHH XpOMOCOMbl np~ Han~4~~ Henoepe~

AeHHWX roMonoroa. Y ranno~AHWX KneToK 3TO Mana cKa3anocb Ha HX 
~I-13HeCnOC06HOCTH 1 a y AHnnOHAHWX npHBeno K pe3KOMy, B 10-20 pa3, 
yaenH4eHHIO HaAemHocr~ reHoMa. Mo~HO npeAnono~~Tb,4TO no KpaAHe~ 
Mepe y HeKOTOpbiX OAHOKneT04HbiX 3yKapHOT 3TO Cbirpano pewaiOUIYIO 
pOnb B nepexoAe 3HrOTW K eereTaTHBHOMy pa3MHO~eHHIO C nocneAYIOUieH 
peAYK~HeA eereraT~BHOH ranno~a3~, r.e. K AMnno~AHO~ ~opMe sere-

'' "7/ I U I rtgnvrt \f/0~01 11\t't~n~MMUI V 4...-lf\.J 10 I • ' I • I Of\.VS:3 VIJIJI'In VI~ DVVMVIT\MDt" IIJ 

"KACKAAHbl~ MYTArEHE3" Y AHnJlOHAHbiX KJlETOK 

Q6paTMM Tenepb BHMMaHHe Ha cneAYIOUIHe XOpOWO I-13BeCTHble ¢aKTbl. 
1-A M 2-A KapMOTaKCOHbl npeACTaeneHW TOnbKO OAHOKneT04HbiMH opra
HM3MaM~. B 3-M KapHOTaKCOHe, HapRAY C OAHOKneT04HbiMH, BCTpe4a
IOTCR MHOrOKneT04Hble opraHH3Mbl-rannOHTW, HO 3TO - TynHKI-1 3BOniO~H~ 1 

He AaBWHe Ha4ana B~CWHM ¢opMaM ~I-13HH. Bee BWCWHe pacTeHHR H mH
BOTHWe BXOART B 4-~ KapMOTaKCOH 1 KOTOpbl~ o6beAMHReT nOAaBnRIOUiee 
6onbWHHCTBO 3yKapHOT-AHnnOHTOB, OT OAHOKneT04H~X AO 4enOBeKa. 
HMeHHO eereraTHBHaR AHnno¢a3a nocnymHna ocHoeo~ AnR pac~eera 
nporpeCCHBHOH 3BOniO~~H. Pewa10111ee 3Ha4eHHe B nepeXOAe K BWCWHM 
MHOrOKneT04HbiM npHHaAnemano, na-BHAHMOMy, AH¢¢epeH~Ha~HH raMeT 
Ha MymCK~e H meHCK~e C nocneAYIOLIIHM ¢opMHPOBaH~eM ooraMHH, \.ITO 
RBHnOCb npeAnOC~nKO~ AnR B03HHKHOBeHHR 3M6p~oreHe3a; npl-1 3HrOTH-
4eCKOM peAYK~HOHHOM AeneHHH 3TO HCKnl04eHo. 

XapaKrepHo AnR 3BOniO~HH AHnnoHTOB 1-1 6wcrpoe HapaUIHBaHHe reHe
TH4eCKO~ HH¢opMa~~H. Ecn~-1 AnR yeenH4eHHR coAep~aH~R AHK a KneTKe, 
KaK yme OTMe4anOCb,60nbWOe 3Ha4eHHe ~MeiOT XpOMOCOMHble 1-1 reHOM
Hble MyTa~HH, MOmHO O~HAaTb, \.ITO H B 3TOM OTHOWeH~~ AMnnOHTbl 06na-
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Aa~T npe~My~eeTBOM nepeA rannoHTaM~. noeMOTP~M, TaK n~ 3TO, 
onRTb o6paT~ew~eb K pe3ynbTaTaM paA~06~onor~4eeK~x 3Kenep~MeH
TOB. 

AnR ranno~AH~x KneTOK 3ae~e~MOeTb e~m~eaeMoeT~ oT A03~ o6ny-
4eH~n on~c~eaeTeR 3KenoHeH~~anbHOH Kp~eoH, a AnR A~nno~AH~x -
KaK npae~no, Kp~eoH c ••nne40M11 16/. M~ yme oTMe4an~, 4TO neTanb
H~M~ eo~T~RM~ e o6o~x eny4aRx enymaT MyTa~~~ xpoMoeoM. Oeo6eH
HOeT~ $OpM Kp~B~X B~m~BaH~R rannO~AH~X ~ A~nno~AH~X KneTOK 03 -
Ha4a~T, 4TO AnR nepe~x a6eon~THO neTanbHa npaKT~4ecK~ n~6aR 
XpOMOeOMHaR MyTa~~R, a AnR BTOP~X eA~H~4H~e MyTa~~~ xpoMOeOM 
n~ll!b 4aeT~4HO eH~ma~T m~3Heenoeo6HOeTb KneTOK: AnR Toro, 4To6bl 
nor~6na A~nnO~AHaR KneTKa, B HeH OAHOBpeMeHHO AOnmHO B03H~KHYTb 
HeeKOnbKO TaK~X MyTa~~~/19/, 3TO He eBR3aHO e 3$$eKTOM BOeeTa
HOBneH~R, a o6yenoeneHO Han~4~eM ABYX Ha6opOB XPOMOeOM: yTpaTa 
$parMeHTa Y OAHOH ~3 roMonor~4H~x xpoMoeoM 4aeT~4HO KOMneHe~
pyeTeR ero Han~4~eM y eToporo roMonora. Ho eaMoe 3aMe4aTenbHOe 
3Aeeb TO, 4TO A~nnO~AH~e KneTK~ e TaK~M~ noepemAeH~RM~, B~m~BaR, 

AaiOT Ha4ano HeeTa6~nbHbiM KnoHaM. 3To ReneH~e 6btno ofiHapymeHo 
r.A.HaAeOHOM ~ r.C.$~n~nnoB~M/20/, a 3aTeM, MHOro neT enyeTR, 
noApo6Ho ~3y4anoeb e HaweH na6opaTop~~/21,24/. 

Een~ o6ny4~Tb raMMa-ny4aM~ ~ e~eeRTb Ha arap~30BaHHY~ n~Ta
TenbHY~ epeAy rannO~AH~e KneTK~, ~3 H~X B~paeTa~T OA~HaKOBble no 
pa3MepaM ~ $opMe KonoH~~ - TaK~e me, KaK ~3 Heo6ny4eHH~x. B~m~e

w~e noene o6ny4eH~R ranno~AH~e KneTK~ HeeTa6~nbH~x KnoHOB He o6-
pa3y~T : BeAb OH~ He HeeyT H~KaK~x noepemAeH~~ reHeT~4eeKoro an
lld!Jdld,c.I..JIYI lilt: UUJIY'"IYIIb 1-\YIIIJIUYII-\Hblt: J<.Jit::II<.YitiU Yl~ HYI.I\tt> UIJIYI'"IYit:: Ul 

KOHTponR,BblpaeTaCT KonOH~~ pa3H~X $OPM ~ pa3Mepoe,TaK~e HeeTaH
AaPTHble KOnOH~~,B03H~Ka~~e ~3 OTAenbHbiX KneTOK,eOAep~aT 6onbWOe 
4~eno pa3Hb1X MOp$onor~4eeK~x eap~aHToe••, ~n~ MyTaHToe; HeKo
Topble ~3 3T~x MyTaHTOB eTa6~nbH~, APYr~e np~ noeneAyn~eM pa 3MHo
meH~~ Aa~T Ha4ano HOBbiM $OpMaM. 06ny4eHH~e A~nnO~AH~e KneTK~ 

o6pa3yiOT HeeTa6~nbHble KnOHbl 04eHb 4aeTO - 11 BbiXOA11 ~X MOmeT AOeT~
raTb 50%! npo~eee HOBOOfipa30BaH~R MyTaHTOB B HeeTa6~nbH~X KnoHaX 
MOmeT npOAOnmaTbeR 04eHb AOnro, Ha npOTRmeH~~ eoTeH KneTo4H~X 
AeneH~H: B pe3ynbTaTe TaKoro 11 KaeKaAHoro MyTareHe3a 11 ~ 3 OAHO~ 
~eXOAHO~ KneTK~ noene OAHOKpaTHOrO B03AeHeTB~R MyTareHOM MOmHO 
nony4~Tb MHoro Hoe~x pae APOmmeH. 

KaeKaAHbl~ MyTareHe3 MOmHO Bbi3BaTb He TOnbKO ~OH~3~pyn~~M~ 
~3ny4eH~RM~, HO ~ APYr~M~ noepemAa~~~M~ B03AeHeTB~RM~ - Y$-eee
TOM, X~M~4eeK~M~ eoeA~HeH~RM~, nOBbiWeHHOH TeMnepaTypOH. C Hee~
eOKO~ 4aeTOTOH, OKOnO 0,1% ~ MeHee, HeeTa6~nbHble KnOH~ B03H~Ka
~T Y A~nno~AHbiX KneTOK enoHTaHHo. 

B oeHoee KaeKaAHOro MyTareHe3a nem~T, eepoRTHee eeero, xpo
MoeoMH~R HeeTa6~nbHOeTb, OXBaTbiBaiO~aR eeeb reHOM. 11 nyeKOBbiM eo-
6biT~eM 3Aeeb MOmeT enym~Tb MyTa~~R OAHOH ~3 XpOMOeOM 4TO np~
BOA~T reHeT~4eeK~H annapaT KaK 6bl B B036ymAeHHOe eoeT~RH~e· Ha-
4~HaeTeR 11 enenoi:\ no~eK11 , e XOAe KOToporo eo3H~KaiOT eaM~e p~3-
n~4H~e XpOMOeOMH~e ~ reHOMH~e MyTa~~~, see HOBble nepeeTpO~K~ 

8 

reHeT~4eeKoro annapaTa, noKa He e$opM~PY~TeR 11pa3peweHH~e11 , eTa-
6~nbHble KOM6~Ha~~~. 4~eno eTa6~nbH~X eoeTORH~H AnR KamAOrO re
HOMa, no-B~A~MOMy, He TaK ym een~KO, 4TO ~ n03BOnReT 4aCTO Ha6n~
AaTb B03H~KHOBeH~e eXOAH~X eap~aHTOB. 3TO OTMe4an~ e~e r.A.HaA
eoH ~ r.C.$~n~nnoe: B 3Kenep~MeHTe ~3 4~eTOH KynbTyp~ APOmmei:\ 
MOmHo nony4aTb TaK~e me no eHewHeMy B~AY pae~, KaK~e xapaKTepH~ 

AnR pa3H~X WTaMMOB, B~AOB ~ POAOB APOmmei:\ np~pOAHOro npo~cxom
AeH~R/20/, 3Aeeb Ha6n~AaeTeR npRMaR aHanor~R 3aKOHY roMonor~4ee
K~x PRAOB e HaeneAeTBeHHOH ~3MeH4~eoeT~ H.H.Bae~noea/25/, 

MomHo AYMaTb, 4TO e xoAe KaeKaAHOro MyTareHe3a eeebMa 4acTo 
B03H~Ka~T XpOMOeOMH~e nepeeTpOi:\K~, np~BOAR~~e K Aynn~Ka~~RM -
YABOeH~RM OTHOe~TenbHO KpynH~X y4aeTKOB OTAenbH~X XpOMOeOM. 06 
3TOM KOeBeHHO eB~AeTenbeTByeT eneAY~~ee. Y ranno~AHbiX KneTOK, 
KaK yme OTMe4anoeb, nony4~Tb HeeTa6~nbH~e KnoH~ Henb3R. TaK~e 
KnOHbl, OAHaKo, AOBOnbHO 4aeTO eeTpe4aiOTeR epeA~ aeKoenopoeoro 
noToMeTea HeeTa6~nbHbiX A~nno~Aoe/13/. H3eeeTHO, 4TO KpynH~e 
AYnn~Ka~~~ MoryT Bbi3~BaTb reHeT~4eeKyiO HeeTa6~nbHOeTb Aame y 
ranno~AHbiX KneToK. Bo3H~KHYB e A~nno~AHOH KneTKe ~ npoHAR 4epe3 
MeH03, np~ o6pa3oeaH~~ aeKa, TaK~e Aynn~Ka~~~ ~ MoryT enym~Tb 
np~4~HOH HeeTa6~nbHOeT~ rannO~AHbiX KneTOK, nony4aeMbiX ~3 OTAenb
H~X aeKonop. 

Bee 3TO no3eonReT npeAnonom~Tb, 4TO xpoMoeoMHaR HeeTa6~nbHOeTb, 
nerKO ~HAY~~pyeMaR Y A~nnOHAHbiX KneTOK, MOmeT BHOe~Tb cy~eeTBeH
H~H BKnaA B 3BOniO~~~ reHOMa no nyTH yeen~4eH~R eOAepmaH~R reHe
T~4eeKOH ~H$OpMa~~~. 

••nP~1HllHn noP~13MN • B oHonorHH 

AHan~3 pe3ynbTaToe HeKOTOpbiX paA~o6~onor~4ecK~x 3Kenep~MeHTOB 
n03BOnReT e$OpMynHpOBaTb eneAyn~yiD T04KY 3peH~R Ha B03MOmHyiO 
pOnb HaAemHoeTH reHOMa B nporpeee~BHOH 6Honor~4eCKOi:\ 3BOniO~HH. 

no Mepe HaKonneH~R AHK e KneTKax see 6onbWYIO eeneKTHBHYC 
~eHHoeTb np~o6peTana HaAemHoeTb reHeT~4eeKoro annapaTa. 3aAa4a 
noB~WeH~R HaAemHOeT~ reHOMa MOrna ~MeTb pa3H~e peweH~R; OAH~ 
~3 H~X OKa3biBan~eb 11Tyn~KOB~MH 11 , TaK KaK npenRTeTBOBan~ ero 
AanbHeHweMy eoeepweHeTBOBaH~n, a APYr~e OTKp~ean~ HOBble nyTH 
AnR noeneAYIO~eH nporpeee~BHOH aeon10~~H. np~MepaM~ nepe~x MoryT 
enym~Tb MHOrORAePHOeTb ~ non~reHOMHOeTb y MHOrHX npoeTei:\WHX, 
BTOpbiX - A~nnO~A-ene~~$~4eeKaR penapa~~R. 

Bo3MOmHoeTb oey~eeTeneH~R A~nno~A-ene~~$H4eeKOH penapa~~~ 
noRe~naeb, eKopee eeero, y ranno~AH~x npeAKOB eoepeMeHHbiX A~n
noHTOB, B pe3ynbTaTe 11 yAa4HOr011 eo4eTaHHR $yHK~~~ HeeKOnbKHX 
$epMeHTOB, nepsoHa4anbHO npeAHa3Ha4asw~xeR AnR APYr~x ~eneH; 
eyAR no W~POKOMY nneHOTponHOMY 3$$eKTY MYTa~~i:\ reHOB, KOHTpon~
py~~~X penapa~~IO AHK, 3T~ $YHK~~~ BblnonHf!IOTeR HMH AO e~x nop. 
nepexoA K sereTaT~BHOH A~nno$a3e, pean~3osasw~i:\ 3TY B03MOmHoeTb, 
6~n, TaK~M o6pa3oM, HenpeAB~AeHHbiM eneAeTB~eM eosMeeTHOi:\ AeR-
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TenbHOCTH ·3THX $epMeHTOB. AHnnoHAHOe me cocTOAHHe reHoMa He 
TOnbKO OTKp~no nyTH AnA AanbHe~wero yeenH4eHHA COAepmaHHA AHK, 
HO H 11C03Aano" BeCbMa 3$$eKTHBH~~ MeXaHHSM OCyll\eCTBneHHA 3TOrO 
npo~ecca /KaCKaAH~~ MyTareHe3/ H nocnymHnO OCHOBO~ AnA $yHK~H
OHanbHO~ AH$$epeH~Ha~HH raMeT. B AanbHe~weM ece 3TO npHeeno K 
B03HHKHOBeHHIO ooraMHH H B~CWHX MHOroKneT04HbiX pacTe.HH~ H mHBOT-
H~X. 

KoHe4HO, A AaneK OT M~cnH, 4TO 3TO - eAHHCTBeHH~~ MexaHH3M 
nporpeCCHBHO~ 3BOniO~HH reHOMa; eMy conyTCTBY~Il\He H, MOmeT 6~Tb, 
He MeHee 3$$eKTHBH~e, e111e npeACTOHT ycTaHOBHTb. Ho OAHa OC06eH
HOCTb, KOTopy~ A yme OTMe4an, AOnmHa 6~Tb npHCYilla HM eceM. 
3TO - B~ABneHHe B HOB~X CHTya~HAX HOB~X CBO~CTB H $YHK~H~ y TeX 
4epT CTpOeHHA mHB~X opraHH3MOB, KOTOp~e nepBOHa4anbHO B03HHKanH 
B Ka4eCTBe OAHOrO H3 B03MOmH~X peweHH~ COBepweHHO APYrHX, 11 3no-
60AHeBH~X11, 3aAa4/17/. 3AeCb ABHaA aHanorHA C $eHOMeHOM, KOTO
p~e aHTH4H~e MaTeMaTHKH Ha3~BanH nopH3MOM: KOrAa MeTOA peWeHHA 
KaKOH-nH60 4aCTHOH MaTeMaTH4eCKOH 3aAa4H OKa3~eancA 3Ha4HTenbHO 
eamHee AnA AanbHeHwero pa3BHTHA HayKH, 4eM Ta 3aAa4a, KOTOPYIO 
c era nOMOil\biO YAanocb pewHTb. 6.C.fpA3Hoe/26/ OTMe4an yme 6onb
wyl0 ponb nopH3MOB B pa3BHTHH He TOnbKO MaTeMaTHKH, HO H APYrHX 
o6nacTeH 4enoee4ecKoro 3HaHHA. MomHo AYMaTb, 4TO "npHH4Hn nopH3-
Ma", KaK OAHO H3 npORBneHHH nOnHnOTeHTHOCTH HH$OpMa~HH/27/, Hr
paeT Ba~HYIO ponb H B 6HonorH4eCKOH 3BOn~~HH. 

AeTop 6naroAapHT B.A.rynReea H ~.B.KoporoAHHY 3a o6cy~AeHHe 
pa60T~ B pyKOnHCH H ~eHH~e 3aMe4aHHR. 
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