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B pa6oTax / 1 
, 2 I. ormcaasr 3aKOHOMepHOCTI1 B03HI1KHOBeHI1H nOKycHbIX 

I ~! 
, \1 

1\1 

11 cynpeccopnsix 
11 ayxcorpodnrstx 

MyTaUI1H: npn I1HKy6au;1111 ayxcorporpasix no meHI1HY 

no meHI1HY 11 nl1311HY llITaMMOB npoxorcea caxapor-mueroa 

! aa cpenax, conepxcanmx pasaoe KOnl1qeCTBO meHI1Ha. ,lll1cPcPepeHUl1pOB xy 
I peaepcoa aa noxycasre 11cynpeccopnste npoaonana no cPeHoTl1ny: POCTOBbIM 

nOTpe6HocTHM 11 o rcpacxe KOnOHI1H:. K "rrorcycasrr-r " OTHOCHnI1 peaepcsr, 
I1MelOml1e cPeHOTl1n Ade" Lys" , K "cynpeccopnsrra"  peaepcsr C cPeHOTl1nOM 

Adet Lys" . 
OqeBI1.D;Ho, O,ll,HaKO, qTO cPeHOTl1n Ade'Lys" MO)f(eT 6bITb ofiycrroarrea 

He TonbKO MyTaUl1eH: B renax-cynpeccopax, HO 11 BTOPI1QHOH MyT3Ul1eH B KJIeT

xe peaepca. H .D;eHCTBI1TenbHO, reHeTI1QeCKI1H aaarras npo6 113 CTapbIX xyns
.ryp Ade'Lys"-peaepcoa, BbInOnHeHHbIH: A.E .neBI1HbIM 11 H.A.KonTOBoH, 

'i noxasan, QTO K rpyrme "cynpeccopon" OTHOCHTCH KaK peaepcsr, aecyurae 
ozmy cynpeccopayio MyT3Ul1lO, TaK 11 nBOH:Hble MyTaHTbI. COOTHOllIeHl1e 

"nOKYCHbIX" 11 "cynpeccopastx" peaepcoa MO)f(eT 113MeHHTbCR B npouecce 
pocra KOnOHI1H nepBI1QHbIX peaepcoa finaronapa MaCKl1poBKe B HeKOTopbIX 

113 HI1X I1CXO.D;HOH nOKycHOH: MyTaUI1R BTOPOH: MyT3Ul1eH, npanaiorueii KJIOHy 

cynpeccopnsnr cPeHOTl1n (r.e. MyTa.u;l1eH: nl160 B rene lys5, nl160 B reaax
cynpeccopax). B03HI1KHOBeHI1e ofiparaoa MyT3U1111 B rene ade2 B KJIeTxax, 
y)f(e aecyunrx cynpeccopayio MyTalUflO, He 113MeHI1T I1X cPeHOTl1na 11 He 6Y.D;eT 

I1CK~aTb peayns'raros. 
MeTO.D;I1Ka, I1cnOnb30BaHHaR HaMH ,U,J1H 113YQeHI1R cnexrpoa MyTl1poBa

HI1R, T.e. COOTHOllIeHI1R QaCTOT B03HI1KHOBeHI1R nOKYCHbIX 11 cynpeccopHbIX 

MyT3UI1H:, BKJIIOQaeT asrpannraaaae xynsryp aa cpenax C pa3HbIM conepxca
Hl1eM meHI1Ha. 3TO MOe)f(T C03.D;aaaTb pasasre CeneKTI1BHble ycnoaaa MR 

pa3MHO:>KeHI1R nepBI1QHO B03HI1Karoml1X 11 ofipasyioutax KOnOHl111 peaepcon. 
Pa3nI1QI1H B paasrepax KOnOHI1H: nepaaxasrx pesepcoa 6y.n;yT npaaonars 
K Pa3HOH BepoHTHOCTI1 B03HI1KHOBeHillI B HI1X .D;BOHHbIX MyTaHTOB 11, TeM 

caMbIM, - K I1CKa:>KeHI1IO per-acrpapyexroro MyTauHoHHoro cnexrpa, HaCTOR

uraa pafiora 11 nocaauteaa oueaxe QaCTOT B03HI1KHOBeHHR BTOpWlHbIX MYTa

UI1H, naiomax "noxcasre cynpeccopasie pesepcsr", a rarcece B03MO)f(}fOro 

BKJI~a sroro cPeHOMeHa B peracrpapyestsra BbIXO.n; peaepcos Pa3HbIX Tl1nOB 

y KJIeTOK I1CXO,ll,HorO ayxcorpodmoro WTaMMa. 

OBbEKTbI H METOnHKM 

B paficre I1cnOnb30BaHbI cnenyromae WTaMMbI npo:>lOKeH Saccharomyces 

cerevisiae, C reaorarrora a ade2-192 lys5-3: nereprorpcxan llITaMM 769-p192

1 

15B-ll4, nonYQeHHbIH: OT ,ll.A.rOpneHliHa, 11 WTaMM ,llK769-176, cneuaansao 
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CKOHCTpyHpOBaHHhIH A.B.lleBHHhIM, nyresr BBO~a MapKepOB ade2-192 

H lys5-3 B reHO<pOH JIHHHH H3 Ilenrpa reHeTHqeCKHX HCCJIe~OBaHHH, EepKJIH, 
/ 9 ClllA, KaK nOKa3aHO B pa60Te I, MyTaI..J;WI ade2-192 - MHcceHC. 

/ 3 EhIDH HCnOJIL30BaHhI cpensr, orracaansre B pa60Te I. npe~BapHTeJILHO 
KJIeTKH BhIpam;HBaJIH aa nOJIHOH cpene (nc) , 3aTeM paCCeBaJIH MeTaJIJIH

qeCKHM HHOKyJIHTOpOM B xamxa Ilerpa na anepnsre <pHJILTPhI, noxpsraaro
mae arapH30BaHHYIO MHHHMaJILHyId cpeziy (MC) C pa3HhIMH ~06a.BKaMH 

MeHHHa H JIH3HHa, HHKy6HpOBaJIH rpetiyesroe BpeMH npa 30° C, nOCJIe xero 
<PHJILTPhI C BhIPOCIIlHMH aa HHX KOJIOHHHMH nepeHOCHJIH aa nOBepXHOCTL 

CeJIeKTHBHoH cpensr (CC) , He conepzcamea JIH60 MeHHHa, JIH60 MeHHHa 

H JIH3HHa. KOJIOHHH nepen nepenocoxr paCTHpaJIHCL, H na CC BhIHBJIHJIHCL 

"MHO)KeCTBeHHhIe" (B03HHKIIlHe na HCXO~HOH cpene KyJILTHBHpOBaHHH 

H 06pa3yIOmHe rpyrmsr peaepcon aa CC), a TaK)Ke "e~HHHqHhIe" (B03HHK

IIlHe sa cner OCTaTOqHOrO pOCTa na CC) KOJIOHHH penepcoa. I1HKy6aI..J;HIO na 
CC npOBO~HJIH 10-14 CyTOK, zto nOJIHOrO BhIHBJIeHHH KOJIOHHH peaepcoa 14 I. 

Crrycra 'rpefiyexroe BpeMH H3 TaKHX KOJIOHHH 6PaJIH npofisi peBepTaHTOB 

~H onpezreneaaa HX <peHOTHna (no OKpaCKe KOJIOHHH H nOTpe6HOCTH B Me

Ta60JIHTax) . CJIe~yeT OTMeTHTL, qTO CneUHaJILHhIe orrsrrsr nOKa3aJIH BhICOKYIO 

KOppeJIHUHIO 6eJIOH OKpaCKH KOJIOHHH C JIyqlIlHM pa3MHO)KeHHeM KJIeTOK. 

3TH naaasre cOrJIacyIOTcH C pe3yJILTaTaMH, nOJIyqeHHhIMH npn reHeTHqeCKOM 

aHaJIH3e peaepcon IIlTaMMa p192: oxpameaasre KOJIOHHH ace OKa3aJIHCL KO

JIOHHHMH cynpeccopasrx penepcoa 16 I. reHOTHn KJIeTOK peaepcon onpenena
JIH no MeTO~HKe MaCCOBoro aHaJIH3a acxocnoponsrx KJIOHOB, pa3pa60TaHHOH 

A.B.lleBHHhIM / S I. llJIH reHeTHqeCKOrO aHaJIH3a HCnOJIL30BaJIH cpensr, OIDi

CaHHhIe B IS ', 

llJIH COnOCTaBJIeHHH pe3yJILTaTOB <peHOTHnHqeCKOrO aHaJIH3a peBepcoB 

C reHeTHqeCKHM aHaJIH30M H ~JIH oueaxa BKJIMa ~OnOJIHHTeJILHhIXMYTaI..J;HH 

B KJIeTKaX nepaa-msrx JIOKycHhIX MYTaI..J;HH B KJIaCC "cynpeccopasrx" HaMH 

6hillH nponeneasr OnhIThI no .MeTo~HKe, onacaanoa nsnue. KJIeTKH IIlTaMMa 

llK769-176 BhICeBaJIH HHOKyJIHTOpOM C 221 IIlThIpLKOM aa anepasre <pHJILT

psr, nor-reuieansre na MC, cozrepxcauryro 10 Mr'/JI MeHHHa H 30 Mr/JI JIH3HHa, 

C TaKHM pacxerosr, qT06hI aa Ka~hIH HHOKyJIIOM npHXO~HJIOCL no 20-30 KJIe

TOK. Cnycra zrsoe CyTOK HHKy6aI..J;HH YP0)KaHHOCTL aa xauncy Ilerpn COCTaB

JIHJIa (1-;.-4) .108 KJIeTOK (qTO COOTBeTCTBOBaJIO OKOJIO 106 KJIeTOK B O~HOH 
KOJIOHHH), H KyJILTypa ~OCTHraJIa CTaI..J;HOHapHoH <pa3hI pOCTa. 3aTeM Ka)K

~YIO KOJIOHHIO paCTHpaJIH CTeKJIHHHoH· naJIOqKOH, H <pHJILTPhI nepeHOCHJIH aa 
CC 6e3 MeHHHa, conepacauiyro 30 Mr/JI JIH3HHa, rne H KYJIL'THBHPOBaJIH eme 
10 CyTOK. Tlpofisr H3 KOJIOHHH penepcon 6paJIH no r-repe HX nOHBJIeHHH aa CC. 

llJIH K~OH rpyrmsr MHO)KeCTBeHHhIX peaepcoa 6PaJIH npofisr H3 HeCKOJIL

KHX KOJIOHHH. Ilpofisi cycneazrapoaana B JIyHKax H BhICeBaJIH I1HOKyJIHTO

pOM aa nc 11 na CC, conepscamae TOJILKO 30 Mr/JI JIH3HHa (0/30), TOJILKO 

20 Mr/JI anenaaa (20/0), H JIHlIleHHhIe 060l1x MeTa60JII1TOB (0/0). qepe3 

7 ~HeH perHCTpl1pOBaJIH <peHoTHn asrpacrarourax KOJIOHI1H. KJIeTKH CJIyqaH

HO BhI6paHHhIX 40 KOJIOHHH "rroxycaoro 'rnrra", r.e, 6eJILIX H BhIPOCIIlHX 

TOJILKO aa nc H na CC 0/30, OT611PaJIH C 3TOH CeJIeKTHBHOH cpensr. EhlJIl1 

TaK)Ke CJlyqaHHO BhI6paHhI 40 KOJIOHHH "cyrrpeccopaoro rana", 06pa30BaB

2 

mae KOJIOHHH aa acex rpex CC, npaver-r ~H aHaJII13a I1CnOJIL30BaJII1 rrpofisr 
KaK 113 KOJIOHI1H, BhIPOCIIlHX na CC 0/30, TaK 11 rra CC 20/0. KJIeTKI1 113 TaKHX 

npof paCCel1BaJII1 HCTOmaIOml1M IIlTpl1XOM aa nc ~JIH nOJIyqeHIDI MOHOKJIeTOq

HhIX KyJILTyp. TaKI1M 06pa30M 6hIDO nOJIyqeHO 120 KyJILTyp, 40 ~H JIOKYC

HhIX peaepcos H 80 (no 2 na peaepc) - ~JIH cynpeccopasrx. Ka~hIH KJIOH 

cycneanapoaana H BHOBL BhICeBaJIH aa rrc H CC ~H onpeneneaaa OKpaCKI1 H 

nOTpe6HocTH B MeHHHe H JIH3I1He. O~HOBpeMeHHO 31'11 xce KyJILTyphI, 37 113 

rpyrmsr JIOKYCHh~X H 31 rrapy H3 rpyrmsr cynpeccopasrx, rroztseprana rl16pl1

~OJIOrHqeCKOMY aHaJIH3Y, MeTO~I1Ka xoroporo onacana B pa60Te 
/ 4 

I. Bsnnerr
JIeHHe xpacm.rx cer-peranroa B MeHOTl1qeCKOM nOTOMCTBe r116pl1~OB Ade'Lys" 
peaepcos C ADE-TecTepoM CBI1~eTeJILCTByeT0 HaJIl1ql1H cynpeccopa ade2 MY

TaUHI1 y cooraercrnyroutero peaepca. 

PE3YJIbTATbI I1I1X OECY)J(llEHI1E 

B onsrrax no COnOCTaBJIeHI1IO <peHoTl1nl1qeCKI1X 11 reHOTl1nl1qeCKI1X xa
paKTepl1CTHK peaepcon MhI npexcie ncero onpe~eJII1JII1 o xpacxy KOJIOHI1H, 

ofipasyexrsrx KJIeTKaMH peaepcoa, a TaK)Ke I1X cnoc06HoCTL pacra aa CC 0/30, 

Tatiauua 1 
Pe3YJILTaThI rpeaoranasecxoro aHaJII13a MHO)KeCTBeHHhIX 11 e~I1Hl1q

HhIX peaepcoa, B03HHKllll1X npa 2-CYTOqHOM KYJILTI1BI1POBaHl111 

KJIeTOK IIlTaMMa llK769-176 aa cpene 20/30, a 3aTeM nepenecen
HhIX na cpeny 0/30. Ofiinee ql1CJIO ayxcorporpasrx KOJIOHI1H 

6
18700. qHCJIO KJIeTOK B KOJIOHI1I1 n= (1,06± 0,28) .10

THn <I>eHoTHn I1HKy6aUI1H aa CC, CYTKI1 Bcero* 

peBepcoB 'peBepcoB 0-5 5-10 

MHO)KeCT	 AdetLys" 43 9 52 

BeHHhIe	 Ade'Lys' 27 19 46 

CMecL 4 4 8 

.KOJIOHHH** 

E~I1HHq	 Adet Lys" 157 67 224 

asre	 Ade+Lys+ 38 97 135 

CMecL 6 1 7 

KJIeToK*** 

* lJaCTOTa B03HuKH06'eHWl MHOJICeCTBeHHblX peeepcoe :::::: 5,4.10- 9
, eouuusuux 

OKO.flO 2.10- 8 . 

** Ha cenextuenou cpeoe nOJlBIlJlJOTCR KO.flOHUU Pa3.flUlIHOU o «pactcu.
 

*** Ha cenetctuenux cpeoax 0/30 U 20/0 eupacraiot KO.flOHUU PQ3HOU otcpactcu.
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0/0 H 20/0. Pe3YJIbTaTbI raxoro aHaJIH3a nna npo6, B3HTbIX H3 KOJIOHHH 
Q) 

~ 
MHO)l(eCTBeHHbIX H e.n;HHHqHbIX peaepcon, rrpaaenensr B Ta6JI.1. Bce penepcsr 
epeHoTHna Ade''Lys" o6pa30BbIBaJIH 6eJIble KOJiOHHH, a epeHoTHna Ade'Lys" 
P030Bble. Kpovre 3THX nayx rpyrm, BbmeJIHJIaCb rpyrma MHO)l(eCTBeHHbIX 
peaepcoa, coztepacamax KOJIOHHH paaaoa OKpaCKM ("cMecb KOJIOHHH"), 
H rpyrma e.n;HHHqHbIX penepcoa, y KOTOpbIX nOCJIe paccena xyrrsryp, B3HTbIX 
co cpen 0/30 H 20/0 HCT0InaIOInHM llITpHXOM, BbIHBHJIaCb pa3HaJI OKpaCKa 
KOJIOHHH KJIeTOK C 3THX znsyx CC. KOJIOHHH H3 3TOH rpyrmsr, nasaaaasre 
"csrecsro KJIeTOK", crporon .n;HepepepeHQHpOBKe no OKpaCKe He nonnasanacs. 

,UJIH reaernsecxoro aHaJIH3a OTo6paJIH H3 rpyrmsr e.n;HHHtIHbIX peaepcon, 
BbIHBHBllIHXCH na CC B rexeaae nepasrx 5 CyTOK, CJIyqaHHylO BbI60pKy 
H3 37 JIOKyCHbIX, 29 cynpeccopnsrx H nayx KJIOHOB, COCTOHInHX H3 CMeCH 
KJIeTOK. B nOCJIe.n;HeM crryxae KJIeTKM, COCTaBJIHIOInHe TaKMe KJIOHbI, 6bIJIH 
pasnerreasr na zme rpyrmsr: KJIOHaJIbHble rcyrrarypsr, asmeneansre aa CC 
0/30, o6pa30BbIBaJIH 6eJIble KOJIOHHH H 6bIJIH npororpodnrsnan TOJIbKO no 
aneaany, H xynsrypsr, asrnenenasre aa CC 20/0, o6pa30BbIBaJIH P030Bble 
KOJIOHHH H 6bIJIH rrpororporpasn-ra no 060HM MeTa6oJIHTaM. Pe3YJIbTaTbI 
rH6pH.n;OJIOrHqeCKOrO aH.aJIH3a YKa3aHHoH BbI60pKM penepcon n03BOJIHJIH 
npOBeCTH COnOCTaBJIeHHe HX rpeaorana H reaornna (Ta6JI. 2). 

vb Ta6JI. 2 cnenyer, qTO 6eJIaJI oxpacxa KOJIOHHH H npororporpaocrs 
TOJIbKO no anenaay acerna cooraercrnyrcr renorany noxycaoro peaepca, 
CJIe.n;oBaTeJIbHO, BKJIa.n; B 3TOT terrace MyTaQHH renoa-cynpeccopon, BOCCTa
HaBJIHBaIOI..I.J;HX TOJIbKO 6HocHHTe3 aneaaaa, oveas MaJI, He 60JIee 2%, qTO 
xopouio cornacyerca C JIHTepaTypHbIMH .n;aHHbIMH /7 .s ': P030Bble penepcsr, 
npororporpasre no aneaany H JIH3HHY, BblIneruIJIJIH rcpacasre cer-peraarsr 
rrpa rH6pH.n;OJIOrHqeCKOM aHaJIH3e, H, cxopee acero, HeCJlH MYTaIJ;HIO B reaax
cynpeccopax. MO)I(HO rrpennorroaorrs , qTO B cnyuae penepcon, 0603HaqeHHbIX 
HaMH KaK "CMeCb KJIeTOK", anasane npOH3011IJIO peaeprapoaaaae no reay 
ade2, a 3aTeM B03HHKJIa aropaa MyTaIJ;HH, 06yCJIOBHBllIaJI npOTOTpOepHOCTb 
no JIH3HHY H p030BylO o xpacxy qaCTH cerperarrron (eCJIH 6bI nepsoa 6bwa 
He JIOKyCHaH MYTaQHH B adez-reae, o6e xym.rypi.r co cpen 0/30 H 20/0 BbI
~enHJIH 6bI xpacasre cerperarrrsr}. CJIe.n;oBaTeJIbHO, cynpeccopnsra epeHoTHn, 
onpenermexrsra no P030BOH o rcpacxe KOJIOHHH H no cnocofiaocrn KJIeTOK 
paCTH na cpenax 0/30, % H 20/0, MO)l(eT B nerco ropsrx cnyxaax MaCKHpOBaTb 
rrepaa-nryro JIOKyCHylO MYTaQHIO. KaK nOKa3aHO B Ta6JI.l, na 201 eAHHHqHbIH 
peaepc, o6pa30BaBllIHHCH sa 5 CyTOK HHKy6aQHH ayxcorporpasrx KJIeTOK 
na CC, rrpaxormrca 6 penepcoa, HBJIHIOInHXCH KaH.n;H.n;aTaMH B TaKMe .n;BOH
nsre MyTaHTbI, qTO COCTaBJIHeT acero 3% OT ofiuiero qHCJIa npOaHaJIH3HpO
BaHHbIX KJIOHOB. YtrnTbIBaH, qTO npa B3HTHH npo6 KOJIOHHH nepaaxasrx pe
BepCOB conepzcana B cpenaexr no (1,3± 0,8) .106 KJIeTOK (cpenaee MH 
10 KOJIOHHH, B3HTbIX H3 3 pa3HbIX xamerc Ilerpn}, MO)I(HO noncsarars , qTO 
qaCTOTa B03HHKHOBeHHH BTOPOH MyTaQHH He .n;OJI)l(Ha npeasnuars BeJIHqHHY 
fI ~ 2,4·10- 1l • 

IlTo6bI TOqHee OQeHHTb B03MO)I(HbIH BKJIa.n; .n;BOHHbIX MyTaHTOB B rpyrmy 
epeHoTHnHqeCKHX cynpeccopoB, 6bIJI nOCTaBJIeH CneUHaJIbHbIH onbIT, B KOTO
pOM onpe.n;eJIHJIH qaCToTy B03HHKHOBeHHH BTOPOH MyTaIJ;HH ,ll)IH CJIyqaHHOH 
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BhI60PKI1 113 10 peaepcoa, I1MeBIllI1X nOKycHhIH reno-ran. L!:BYXAHeBHhle 
rcyrrs'rypsr KaJK,D:OrO 113 3TI1X penepcoa cycnennapoaana 11 paccenana I1HOKy
n~ITOpOM na qmnbTphI na cpeny 2/30, npaxrepao no 170 KneTOK aa I1HOKy:' 
mOM, rne 11 KynhTI1Bl1pOBanl1 B rexenae 2 CyTOK. 3a 3TO BpeMR KOnOHl111 
nocrararm paar-iepoa (2-9)' 107 KneTOK, qTO aaaenoxro npeasnuano paavrepsr 
KOnOHI1H peaepcon, 06hIqHO I1cnOnh30BaBIlII1XCR HaMI1 ztna dienoranavecrcoro 
ananasa. Ka)f()l:YIO raxyro KOnOHl11O pacraparra a orcono 20-25% conepacaniax
CH B HeH KneTOK rrepeaocnna I1HoKynHTopoM B nYHKI1 C BO,nOH. 3aTeM, 
TaK)Ke C noraoursro anorcynaropa, rrpofisr KneTOK 113 KaJK,D:OH nYHKI1 nepe
HOCl1nl1 aa cpeny 0/0. ITo ql1cny OTneqaTKOB C KOnOHI1HMI1 peaepcon cynpec
copaoro epeHOTl1na, BhlPOCIlII1X aa cpene 0/0, MO)KHO 6hIDO ouemrrs xacrory 
nepexona I1CXO,nHhIX nOKYCHhIX peaepcos B paspan epeHOTl1ll11qeCKHX cynpec
COpOB 3a cser B03HHKHOBeHI1H BTOPOH MYTaQl1l1. Pe3YJlhTaThI aror'o ortsrra 
npaaeneasr B rafin .3. 

MhI BI1,nI1M, qTO ycpenaeaaaa ouemca qaCTOThI B03HI1KHOBeHI1H ,nBOH
HhIX MyTaHTOB, npaaonaurero K I1MI1T3.U1111 cynpeccopastx peaepcoa, panna 
f2 ~ 0,7· 10- 8, qTO ,nOCTaTOqHO 6nl13KO 'K nonyxennoray panee ,npyrl1M 
MeTo,nOM 3HaqeHI1lO f) ~ 2,4 ·10- 8 (oc06eHHO ecna npl1HI1MaTb BO BHI1MaHl1e, 
qTO r, orpaacaer He rons rco 're C06h1T11H, xorna caaxana MyTl1pyeT rea ade2, 
HO 11 're, rcorna TaKaH MYTaul1H npOI1Cxo.u;I1T B KJIeTKaX C yzce rrpor-ryrapoaas
IlII1M nH311HOBhIM I1nl1 cynpeccopnsrxr reHOM) . 3TO n03BonHeT HaM npaaars 
Benl1lJHHY r ~ 10- 8 KaK aecsr-ra npaanorronofiayro ouemcy qaCTOThI B03HI1K
HOBeHI1R BTOPOH MyTauHI1 B KneTKaX nOKycHhIX peaepcon , qTO, rccrarn CKa-

Tatinuua 3 
Peaynsrarsr OnhlTOB no oueaxe qaCTOThI B03HI1KHOBeHI1H BTOPOH 
MyTaUl111 B KneTKaX noxycasrx peaepcon 

PeBepc l{Hcno KneTOK qHCJlO KonoHHH 4aCToTa f2, 

N B I1CXO,nHOH C MyTaHTaMI1 10- 9 

KOnOHI1I1, 107 (na 405 KonoHHH) 

I 6,3 27 5,5 
2 7,0 22 4,0 
3 8,1 20 3,1 
4 4,1 21 6,5 
5 5,8 34 7,6 
6 8,6 20 2,9 
7 5,7 27 6,1 
8 2,3 41 23,2 
9 5,6 16 3,6 

10 6,8 34 6,4 

sars, 6nl13KO K ycpermeansn« 3HaqeHI1HM qaCTOT CnOHTaHHOrO MyTl1pOBaHHH 
npoxotcenstx KneTOK HaIlII1X IllTaMMOB / ) ,2 J. MO)KHO nonarars, cnezioaarens
HO, qTO qaCTOTa MyTHpOBaHl1H reHOB y 3TI1X KneTOK He 3aBI1CI1T OTroro, B03
HI1Kna nl1 y HHX paaee KaKaH-nl160 MYT3.UI1H, I1nl1 HeT. 

,llonH P KnOHOB, necyumx nepBl1qHYIO 06paTHylO MyT3.UI1IO, B KneTKaX 
KOTOphIX npoasourna XOTH 6hI orma BTOpl1qHaH MyTaUI1H, 3aBI1CI1T OT ql1cna n 
KneTOK B KOnOHI1I1. 3aBI1CI1MOCTh P(n) MO)KHO ormcars pacnpenenenaer-r 

1 
rnIlyaccona: P = 1 - e- , .rne r - qaCTOTa B03HHKHOBeHI1H BTOPOH MyTaQl1l1. 

TaKaR 3aBHCHMOCTh, nOCTpOeHHaR.ll)1H r = 10- 8, npaseneaa aa pacyaxe. 
Crpernca 1 noKa3hIBaeT, qTO ztna KOJIOHI1H, conepzcamax npaxrepao 
(3 + 5) -106 KneTOK (06hlqHhIe pa3MephI KOnOHI1H peaepcoa, acnorrsayer-n.rx 

HaMI1 nna epeHOTl1nHqeCKOrO ananaaa) , qaCTOTa TaKHX C06hITI1H paana npa
MepHo 0,05, r.e, OIlll16KI1 aa 3TOT cser B H,neHTl1epI1KaUI1H npapozrsr peaepcoa 
rrexcar B npenenax CTaTI1CTl1qeCKHX norpeumocreii 113MepeHl1a. 

B CTaThRX 11 ,2 I 6hIn onacan epeHOMeH H3MeHeHI1H COOTHOIlIeHI1H nOKYc
HbIX 11 cynpeccopasrx pesepcoa OT 0,05 : 1 no 0,35 : 1 npn pasasrx ycnonaax 
KynhTI1Bl1pOBaHl1H KneTOK (zraansre nna IlITaMMa p192 npaaeneasr B Ta6nA) . 

Ilonssyacs pl1CYHKOM, MO)KHO HClHTI1 MI1HI1MaJIhHhle paaxtepst KOnOHI1H 
rrepaasasrx nOKycHhIX peaepcoa, npa KOTOphIX 3TOT epeHoMeH nonaocrsro 
CBO,nI1TCH" K BTOpHqHOMy MYTl1poBaHl11O peaepcoa noxycaoro THna, T.e. 
RBnHeTCR aprerpaxror-r. ,llonycTHM, qTO nOKycHhIX peaepcoa cpena acex, 

Tatinuua 4 
l{acToTa B03HI1KHOBeHI1H noKycHhIX (L) H cynpeccopnsrx (8) 
peaepcon npa pa3HhIX ycnoBI1HX KynhTI1Bl1pOBaHl1H ayxcorporp-
HhIX npozoscea. lllTaMM p192 (no ,naHHhIM pa60ThI/2 

/) 

I'pyrma Conepacaaae qacToTa, 10- 8 L 

aneaana ,Mr/ rt L 8 L + 8 

Jloraparpr-ra- 1 0,055 1,1 0,048 
xecxaa epa3a 10 0,035 0,39 0,082 
pocTa 100 0,019 0,46 0,040 

CTaQ110Hap- 1 0,44 1,6 0,22 
HaH rpasa 10 0,19 0,44 0,30 
pocTa 100 0,009 0,19 0,045 

CeneKTI1BHaH 1 0,73 1,4 0,34 
cpena (6e3 10 1,3 2,0 0,3911 3.,I:(eHI1Ha) * 100 0,69 2,1 0,25 

-
x ± s;- 6,0 ± 1,8 26,2 ± 7,9 6,9 ± 5,9x 
-- *l1aHHble onn uytupoeauun na Ce.tleKTU8HOU cpeoe nocne nepeuecenus na nee KOIlOHUU 

KlleTOK U3 zpynnu "noeapuifiuuvectcan ¢ja3a POCTa". 
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'tlHCJlO MeTOR B RMORD. n, 10

3aeUCUMOCTb OOJlU P KJlOHOe JlOKYCHblX peeepcoe, cooepscatuux XOTR 6bl 

oony KJleTKY C oeyun MYTal{URMU, UMUTUPYIO~UMU cynpeccopuuii ffteHO

Tun, OT lJUCJla cooepJICa~UXCR e 3TUX KJlOHax KJleTOK. 

B03HHKaromHX na cpenax C noasnueaasrr-r cOAep)KaHHeM aneaana, He 4-10%, 
a 30-40%; KaK H na CC/2 /, HH3KHH xce HX BbIXOA B axcnepaxreare 6bIJI 

06YCJIOBJIeH nepeXOAOM qaCTH H3 HHX B paspan "cynpeccopoa". ,UJIH sroro 

aropaunsre MyTaUHH AOJI)KHbI B03HHKHYTb npar-repao y 90% KOJIOHH~ nep

BHqHbIX JIOKyCHbIX peaepcon. CTpeJIKa 2 na pacynxe noKa3bIBaeT, qTO 31'0 

B03MO)KH0 JIHllib B cnyxae paasrepoa KOJIOHHH rrepaaxasrx peaepcon He Me

nee qeM 2 . lOti KJIeTOK. Ho qT06bI raxyio KOJIOHHIO HAeHTH<pHUHpOBaTb KaK 

cynpeccopayro, coriepxcanae B HeH OAHOH KJIeTIGf C AByMH MyTau;HHMH 

HBHO HeAOCTaTO~O ----,. HX AOJI)KHO 6bITb XOTH 6bI na nopano rc fiorrsure. CJIe

AOBaTeJIbHO, TaKoH aprerparcr MO)KeT 6bITb 3HaqHM nmus npn pafiore C KOJIO

HHHMH, cOAep~mHMH He MeHee 109 KJIeTOK, nero HHKorAa He 6bIBaeT B na

max arccneparaearax, 
BOJIee roro, eCJIH npenrronoxorrs , qTO HCXOAHoe COOTHOllleHHe JIOKYC

HbIX H cyrrpeccopnsrx peaepcon (r.e. BeJIHqHHa L/(L + S)) He 3aBHCHT 01' 

yCJIOBHH KyJIbTHBHpOBaHHH, H cPeHOMeH H3MeHeHHH aroro COOTHOllleHHH 

ueJIHKOM 06yCJIOBJIeH B03HHKHOBeHHeM ABOHHbIX MyTaHTOB H n03TOMY 

CBH3aH C pa3JIHqHH1YJ:H B pasr-repax nepaauasrx KOJIOHHH peaepcon B pasrrsrx 
rpynnax orn.rra, TO na OCHOBaHHH HaMIOAaeMbIX paswrepoa KOJIOHHH nepaax
HbIX peaepcoa MO)KHO 6bIJIO 6bI O)KHAaTb 3cPcPeKTOB npOTHBOnOJIO)KHOrO 

,HanpaBJIeHHH. 

,UJIH peaepcon, B03HHKaIOmHX B JIOrapHcPMHqeCKOH rpase pOCTa APo)K

)KeH na cpenax C a,D;eHHHOM, H AJIH peaepcon, B03HHKalOmHX na CC aa cxer 
OCTaTOqHoro pOCTa ayrccorporpnstx KJIeTOK, CpOKH BbIHBJIeHHH H' pasr-repsr 
KOJIOHHH OCHOBHOH MaCCbI MHO)KeCTBeHHbIX H eAHHHqHbIX pesepcoa 6JIH3

/ 4 
KH I, a rtpofist AJIH TeCTHpOBaHHH rex H npyrnx 6PaJIHCb OAHOBpeMeHHO. 

TI03TOMY MO)KHO O)KHAaTb, qTO COOTHOllleHHe L/(L + S) AOJI)KHO 6bITb OAHHM 

H TeM xce, B AeHCTBHTeJIbHOCTH, OAHaKO, BeJIHqHHa L/(L + S) lJ:JIH rroraparp
MHqeCKOH cPa3bI pOCTa 3HaqHTeJIbHO MeHbllle, qeM AJIH CeJIeKTHBHOH cpern.r. 

Ilpa BbIpamHBaHHH KJIeTOK na cpene C 1 Mr/JI anennaa AO cranaonap
HOH cPa3bI pOCTa, 6JIarOAapH 6bICTpOMy HCqepnaHHIO sroro MeTa60JIHTa, 

rcyrn.rypa paao AoCTHraeT cranaoaapaon cPa3bI, a peaepcst 6bICTpO BbIHB

" JIHIOTCH H 06pa3ylOT AOBOJIbHO xpynasre KOJIOHHH. Ha cpene C 100 Mr/JI! 
.. aneaana pOCT pesepcoa nOAaBJIeH H3-3a 60JIbillOrO paar-repa KOJIOHHH, ofipa

30BaHHbIX ayKcoTpOcPHbIMH KJIeTKaMH 14 I. TIPH nocrrenyromeii HHKy6aUHH 

na CC pa3JIHqHe B pasr-repax KOJIOHHH pesepcoa, B03HHKlllHX na cpezrax 
C pa3HbIM COAep)KaHHeM aAeHHHa, COXpaHHeTCH. MO)KHO 6blJI0 6bIO)KHAaTb, 

qTO H3-3a 60JIbilleH BepOHTHOCTH B03HHKHOBeHHH BTOPHqHbIX MYTau;HH 

B 60JIee xpynasrx KOJIOHHHX COOTHOllleHHe L/(L + S) AJIH cpezrst C 1 Mr/JI 

anenaaa AOJI)KHO 6bITb MeHblllHM, qeM AJIH cpensr C 100 Mr/JI anenaaa (era
UHOHapHaH rpasa) , - OAHaKO B AeHCTBHTeJIbHOCTH OHO pasno coo'rnercraen
HO 0,22 H 0,045, T.e. npHMO npoTHBOnOJIO)KHo O)KHAaeMoMy. 

Bce 31'0 XOpOIliO corrracyerca C BbIBOAOM, qTO BKJIa,1l; ABOHHbIX MyTaH

TOB B peracrpapyer-rsia 3cPcPeKT HeBeJIHK H He HCKa)KaeT HCTHHHoro COOT

HOllleHHH qaCTOT B03HHKHOBeHHH JIOKyCHbIX H cynpeccopnsrx MyTau;HH. 

3AKJIIOQEHHE 

Ilpaseneaasre asnue MaTepHaJIbI n03BOJIHIOT CAeJIaTb ABa OCHOBHbIX
 

BbIBOAa: 1. Pe3YJIbTaTbI reHeTHqeCKOrO aHaJIH3a nOKa3aJIH xopouree COOT


BeTCTBHe reHOTHnHqeCKHX H cPeHOTHnHqeCKHX xapaKTepHCTHK JIOKyCHbIX
 

H cynpeccopnsrx peaepcoa aYKCOTpOcPHbI~ no aneaany lllTaMMOB AP0)K)KeH:
 

,lUIH KJIOHOB, COAep)KamHX OKOJIO 106 
KJIeTOK, paCXO)K,lJ,eHHe He npeasnua


JIO 2-3%, r.e. JIe)KHT B npenenax TO~OCTH arccnepawrerrra. 2. QacToTbI B03


HHKHOBeHHH BTOPH~bIX MYT3.UHH, npHAaIOmHX KJIeTKaM JIOKyCHbIX peaep


COB cyrtpeccopnsni cPeHOTHn, paansr npavrepao 10- tI • OCHOBHbIM CJIeACTBH


eM H3 3THX ABYX BbIBOAOB, XOpOIliO corJIacylOIUHMCH C pe3YJIbTaTaMH axone


pHMeHTOB, HBJIHeTCH TO, qTO AJIH KOJIOHHH peaepcon, COAep)KaI.IJ;HX He 60


nee 10 7 KJIeTOK, onaCHOCTb B03HHKHOBeHHH "JIO)KHbIX cynpeccopoa " neae


\ JIHKa H He MO)KeT cyuiecraeaao HCKa3HTb norryuaer-rste B axcneparaearax
 

\ OUeHKH qaCTOT JIOKyCHbIX H cynpeccopnsrx MyTaUHH y aYKCOTp0cPHbIX no
 

anenaay AP0)lOl(eH npa pa3HbIX yCJIOBHHX HX KyJIbTHBHpOBaHHH. <I>eHoTHnH

i uecxaa AHcPcPepeHUHau;HH TaIGfX penepcoa na JIOKYCHble H cynpeccopm.reI (B TOM qHCJIe no OKpaCKe KonOHHH) TaK)Ke zraer BnOJIHe nanexorsre pe3ynb
I 

l 
.\ TaTbI. 

ABTOPbI 6JIarOAapHT A.B.,UeBHHa sa norreansre 06cy)K,ll;eHHH H COBeTbI, 

a Hryea TXH Hro - aa novrours B npoaeneaaa 3KcnepHMeHToB. 
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