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AKryaJILHOCTh pa6oTbl 

CoBpeMeHHbie MOJieKynHpHo-reHeTH"tJeCKHe :accne,n;oBaHHH TIO H3YtJeHHID 

TipHpO,Il;bI reHHbIX MYTaI.J;HH, HH,n;yu;:apoBaHHbIX HOHH3HpY:EQII.J;HMH H3JIYtieHH5IMH, 

Be,n;yTC5I B OCHOBHOM Ha COMaTH"tJeCKHX KJieTKax in vitro HJIH in vivo c onpe,n;eJieHHeM 

MyTaI.J;HOHHbIX H3MeHeHHH, rJiaBHbIM o6pa30M, B BH,n;e ,n;eneu;HH BCero HJIH "tJaCTH 

reHa MeTo,n;aMH 6rroT-rH6pH,Il;H3aI.J;HH HJIH TIOJIHMepa3HOH u;enHOH peaKI.J;HH (III.:(P) H B 

pe,n;KHX CJIY"tlaHX MeTo,n;oM ceKBeHHpoBaHHH (UNSCEAR 2000 Report Vol. II). 

AHaJIOfH"tJHbie HCCJie,n;oBaHH5I TIO BhNCHeHH:EO MOJieKynHpHOH TipHpO,n;bI 

pa,n;Hau;:aoHHO-HH,n;yu;:apoBaHHbIX reHHhIX MYTau;:a:H: B reHepaTHBHhIX KJieTKax 

rJiaBHhIX ,Il;JI5I pa,n;HaD;HOHHOH reHeTHKH na6opaTOpHhIX TeCT-Ofr.beKTOB (,n;po30cpHna, 

MhIIIIb) OCTa:EOTC5I HeMHOfOtIHCJieHHbIMH, a HX pe3yJI:&TaThI cpparMeHTapHbI, 

IIOCKOJIJ>KY IIOJIYtieHJ>I Ha orpaHHtieHHOM MaTep:aane. B "tJaCTHOCTH, rrepBbie 

MOJieeynHpHo-reHeTH"tJeCKHe pa60ThI c HCTIOJib30BaHHeM MeTo,n;a 6JIOT­

r:a6pH,n;H3aI.J;Hli IIOKa3aJIH, tITO B OCHOBe reHHbIX MYTaD;HH, HH,n;yu;:apoBaHHJ>IX pe,n;Ko­

HOHH3HpYffiID;HM li3Jiy-qeHHeM, KaK y ,n;p030cpHJibI (Ashburner et. al., 1982; Kelley et. 

al., 1985),-TaK Hy Ml>Illili (Rinchik et.al., 1993) Jie)l(aT, B OCHOBHOM, MOJieKyil5IpH:ble 

,n;eneu;HH Bap:o:apyIDru;e:H: BeJIHtIHHJ>I. EJIH3KHe pe3ynr:,TaT:o1 TionyqeHhl H ,n;mI reHH:&IX 

MYTaI.J;HH B OTibITax Ha ,n;po3ocp:ane c HeHYpOHaMH, KaK IIJIOTHOHOHH3HpY:EQII.J;HM 

li3JIYtieHHeM (Pastink et.al., 1987). B TO :>Ke BpeM.SI, HCIIOJI1>30BaHHe MeTo,n;a 

ceKBeHHpOBaHHH II03BOJIHJIO o6Hapy)l(HTb 6onee llilipOKHH crreKYp peHTreH­

HH,n;yu;HpOBaHHhIX MOJieKyJIHpHbIX H3MeHeHHH ,n;HK reHa ,n;po30cpHJI:bl, BKJI:EOtia:EOII.J;HH 

HapH,n;y c ,n;eneu;H5IMWHHCepu;H5IMH H H3MeHeHH5I Ha ypoBHe OT,n;em .. HbIX OCHOBaHHH 

,[(HK (Eeken et.al., 1994). Borrpoc o xapaKTepe MoneeynHpHbIX H3MeHeHHH, 

BbIHBJIJJ:eMJ>IX MeTo,n;oM ceKBeHHpoBaHHH TIPH HH,n;yKI.J;HH reHHhIX MYTaD;HH 

IIJIOTHOHOHH3HpYffiII.J;HMH li3JiyqeHFUIMH, B "tJaCTHOCTH HeHTpOHaMH, B reHepaTHBHbIX 

KJieTKax ,n;o CHX rrop OCTaeTC.sI OTKpbITJ>IM. TaKHM o6pa30M, orpaHH"tJeHHOCTb 

HMe:EOII.J;HXC5I ,n;aHHbIX ,D;JI5I reHepaTHBHbIX KJieTOK 3aTpy,n;H5IeT 3KCYpaIIOJI5II.J;H:EO Ha HHX 

pe3yJI:oTaTOB, nony-qeHHbIX Ha COMaTHtieCKHX, H He II03BOJI.SieT BbNBHTh o6ru;He H 

cneu;mpHtieCKHe ,D;JI5I ,n;Byx THTIOB KJieTOK 3aKOHOMepHOCTH o6pa30BaHH5I 

pa,n;Hau;HOHHO-HH,n;yu;HpOBaHHbIX MOJieKy1rnpHbIX H3MeHeHHH reHa. 
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H HeHTpOH-HH,n;yu;HpOBaHHbIX «TOqKOBbIX» MyTaIJ;HH ,n;Byx reHOB Ha rrepBOM '.3Tarre 

6bIJI rrpoBe,n;eH MOJieKymipHo-reHeTHqecKHH aHaJIH3 3THX MyTaIJ;HH MeTO,ll;OM 

IlOJ1HMepa3HOH u;eIIHOH peaKIJ;HH (I1I(P). 

IIIJ;P- auaJIH3. B rrpou;ecce MOJieKymi:pHo-reHeTHqecKoro aHaJIH3a 

rrpe,n;BapHTeJJbHO 6brna H3yqeHa 3THM MeTo,n;oM cTpyKTypa ~ TecT-anneneli black1 

H cn1 H3 MaTepHHCKOH JIHHHH KL, c HCITOJib30BaHHeM KOTOpbrx perHcTpHpoBarrH B F 1 

HOBbie crroHTaHHhre H pa,n;HaIJ;HOHHbre annenH 3THX reHOB. ConracHo pe3yJibTaTaM 

III.J;I>-aHaJIH3a ( Ta6n. 1) Bee TPH H3yqeHHhIX cpparMeHTa reHa black1 H,n;eHTHqHbI 

KOHTpOJibHbIM H3 ,n;HKoro annen51 JIHHHH D32, "CITO H cne,n;oBarro mirn,n;aTb, y-qHTbIBM 

TOT cpaKT, "CITO MyTaIJ;HOHHhIM IIOBpe)K.n;em1eM y black1 5IBJI5IeTC5I, KaK H3BeCTHO H3 

JJHTepaTypbr (Phillips at al., 2005), .n;eneu;m1 (ATCC) c HHcepu;Heli (TACCTACC) B 

1-M 3K30He, He orrpe,n;eJrneMa5I 3THM MeTo,n;oM. B cny-qae anneJI5I cn1 rronytieHHbre 

pe3yJibTaTbl IIOKa3bIBa:EOT OTCYTCTBHe CMe)KHhIX 3-ro H 4-ro cpparMeHTOB reHa H 

3Toro pe3yJibTaTa CJie,n;yeT O)l<H,ll;aTb, IIOCKOJihKY MyTaHTHblll cpeHOTHII cn1 

o6ycJIOBJieH ,n;eneu;Heli OKOJIO 1800 II.H. B KOHIJ;e 3-ro 3K30Ha, r.n;e JIOKaJIM30BaHbI 

o6paTHbIH rrpaliMep K H3ytiaeMOMY HaMM 3-My cpparMeHTY H rrp5IMOH rrpaiiMep - K 4-

MY cpparMeHTY reHa. YtIHThIBa.H B03HMKIIIY:EO HecTa6MJJhHOCTh JJHHHH D32 B rrepHo,n; 

rrpoBe,n;eHH5I pa,n;HaIJ;HOHHbIX OIIhITOB H, KaK cne,n;CTB:He, IIOBhillieHHY:EO tiaCTOTY 

crroHTaHHhIX MyTau;Hli H3ytiaeMhIX reHOB (AneKcaH,n;poB, AneKcaH,n;poBa, 1994), 

KOTOpbie MOrJIH CTaTb qacTbIO BbI6opKH pa,n;HaIJ;HOHHhIX MyTaHTOB, 6hIJI rrpoBe,n;eH 

MOJieKyJI5IpHbIH aHaJIH3 7-MH HOBhIX CIIOHTaHHhIX annene:ll black H 2-x aJIJieneli en, 

o6Hapy:>KeHHDIX B KOHTponhHhIX 3KcrrepHMeHTax. KaK BH,n;Ho H3 Ta6n. 1, y 3-x 

MyTaHTOB black OTCYTCTByeT 2-li cpparMeHT Hy o,n;Horo - TpeTHH. y o,n;Horo H3 ,n;Byx 

MyTaHTOB en OTCYTCTBY:EOT, KaK H y TecTep-annen.H cn1, cMe:>KHhie 3 M 4-li 

cpparMeHThI. CorrracHo Ta6n. l, cpe,n;H H3ytieHHhIX 52 y-HH,n;yu;HpoBaHHhIX 

«TOtIKOBhIX» MyTaHTOB black JIHllih 6 (11.5%) HMeIOT MyTaIJ;HOHHbie H3MeHeHH51 B 

BH,n;e ,n;erreu;Mli Toro HJIH HHoro cpparMeHTa. AHanoraqHhre H3MeHeHH5I ycTaHoBJieHhI 

y 20 ( 41. 7%) cpe,n;H 48 H3ytieHHhIX y-HH,n;yu;HpOBaHHhIX «TOtIKOBhIX» MyTaHTOB en. 

TaKHM o6pa3oM y-M3JiytieHHe B 3,6 pa3a -qaru;e MH,n;yu;HpyeT BHyTpHreHHbre 

,n;eneu;HH y reHa en no cpaBHeHH:EO c reHoM black. 

13 



Ta6mro;a 1. Pe3yn1TaT11 III.J;p-aHamna po,n:1nerrbcKHX black1 11 cn1 arrrreneli, a 

TaK)Ke CITOHTaHHbIX, y- I1 HeHTpOH-HH,n:yu;11poBaHHbIX «ToqKOBbIX» MyTaHTOB black I1 

en D.melanogaster. 

MyTaHThI black MyTaHThicn 

KoJiuqecTeo WparMeHThI reua KoJ111qecTeo WparMeHThI reua 

1 2 3 1 2 
black1 + + + cn1 + + 

CnouTaHHhie 

3 + 1 + + 
3 + 1 + + 
1 + 

Bcero 7 Bcero 2 

y-HHAYUHpOBaHHhle 

46 + + 28 
1 (201p) + 1 (51p)+4 (401p) 
1 (401p) + 1 (40fp) 
(51p )+ 1( 40fp) 1 (40fp) 

1 (101p) + 1 (10fp)+l(401p) 
1 (40fp) 
10 (40fp) 

Bcero 52 Bcero 48 

HeiiTpoH-HHAYUHpoeaHHhie 

11 + + 3 + + + 
1 (Sfp) 1 (1 Ofp )+ 1 (30fp) 
1 (101p) 1 (2,Sf p )+ 2 (20f p,n+y) + 

1 (2,Sfp )+2 (28fp,Cf) + + 
Bcero 13 Bcero 11 

Tip11MetiaH11e: TeMHbIM OTMel:IeH TOT cpparMeHT, KOTOpbIH OTCYTCTByeT y ,n:aHHOfO 

MyTaHTa; ( +) - ,n;aHHbIH cpparMeHT reHa 11,n:eHTMl:IeH KOHTpOJibHOMY cpparMeHTY 

(arrnemI black+32 11 cn+32 ) . 

ErrH3Ka.H KapTHHa Ha6mo,n;aeTc.H H rrocrre ,n;elicTBUH HeliTpOHOB, r,n:e qacToTa 

MyTaHTOB en c aHaJIOfHqHbIMH MOJieKyJI5IpHbIMI1 H3MeHeHH5IMI1 (8 !13 11, HJIH 72. 7%) 
14 





Bee 3 ll3 HllX HMeIOT rrocne.n;oBaTeJibHOCTH, H)J;eHTWIHbie aJIJiemo black1' HO O)J;HH 

MYTaHT (b88c30) OKa3aJIC5I KOMIIJieKCHbIM, llMe5I ):(HK KaK anrreJIJI black1' TaK ll 

black+32 (Ta6n.2). 

Ta6nuu;a 2. I1pHpo.n;a H JIOKaJIH3aLI;H5I H3MeHeHHH HyKJieOTH.D:HhIX 

rrocrre.n;oBaTeJihHOCTeH ,l(HK y anrreJIJI-MapKepa black1' CIIOHTaHHbIX, y- li HeH1'pOH­

HH,n;yu;HpOBaHHbIX «TO'l!KOBhIX» MyTaHTOB black D. melanogaster. 

XapaKTep 

Ko A ,n:o3a, ll3MeHeHHH HopMaJibHbie H H3MeHeHHbie 

MyTaD;HH rp H HX JIOKaJIH3ao;m1 IIOCJieAOBaTeJibHOCTH OCHOBaHHH ,n:HK 

CrroHTaHHbie MyTaHTbI 

black1 3K30H 1: 
,n:eJieo;11H ATCC c 5-'GTGGJ§"TCC{\TAC-3·~ 

HHcepu;ueii v v p T 

TACCTACC 5-'GTGGfACCTACC~TA-3 ' 
(+530); 27 3aMeH v D p y I 
OCHOBaHHH B 

pa3HbIX paiioHax 

re Ha 

b87h6 AHaJiorH .. IHO 

b94/13 black1 

b88c30 AHaJiorHqHo AHaJiorHqHo black +: 

black1: HHTpOH lrrocJie TpaH3HD;HH +1169, 3K30H 2, 
5-' reHOMHaH HHTpOH 2 H 5'- KOHeo; 3K30Ha 3 AO TpaH3HD;HH 

,n:HK, 3K30H 1, (+1866) 
HHTpOH le 

TpaH3IID;Heil 

+1169; 3K30H 3 C 

TpaH31UJ;HH 

(+1866) AO 

TpaH3IID;HH 

(+2215) 

Bcero 4 
y-HHAYD;HpoBaHHbie MyTaHTbl 

b79d2 40 AHaJiorHqHo 

b81a2 60 black1 

20 
b81k 3K30H 1: 5'-TACGAGQJGGCTCCA-3' ~ 

AeJieIJ;HH G (+594) y E v A p 
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5'-TACGAGTGGCTCCAC -3' 

y E w L H 

40 
b78jl IIHTpOH 1: 5' -AGG[}:;AGTG-3' -+5' -AGGfil;AGTG- 3' 

TpaHCBepcmI i i 
T-+G (+764) 

3K30H 2: 5'- ACCTCG~AGGACGCG -3'-+ 

ACJICIJ;HSI G T s E D A 

(+1340) 5'- ACCTCGAGGACGCGC -3' 

T s R T R 
40 

b78k2 3K30H 1: 5'-TTGACKj;CGACGGCA-3'-+ 

ACJICIJ;H.H A (+105) L T A T A 
5'- TTGACGCGACGGCAG -3 ' 

L T R R Q 
b88d50 40 IIHTpOH 1: 

3aMeHa 5'-AATCC,@G-3'-+5'- AATccW.G-3' 

GC-+AA (+1291) i i 
3K30H 2: 

TpaHCBepCH.H 5' -AACfil;ACTC-3' -+5' -AAc[pACTC-3 

G-+T (+1301) N G L N STOP L 

b88d70 40 3K30H 3: 
ACJieD;H.H S' -TTCACbGCCAAGGTGA9GGAG-3'-+ 

GGCCAAGGTG F T A K v R E 
A 5'-TTCACGGGAGCGTCC -3' 

(+2016) F T G A s 

b88d39 60 3K30H 3: AeJierorn 

TGT 5-' CAGJiQI1rcc-3' -+5' -CAGEa:ccA-3' 

c Hncepn:11eH: CC 0 c s 0 p p 

(+1780) 

Bcero 8 

HeH:Tpo u-11nJJ:yn:11po BaHHbie MyTaHThI 

b88c4 2,5 AHaJior11quo 

b79dll 10 black1 

b79a3 « 
b83/3 « 
b88c8 « 
b8lc 20 

b79al 10 AnaJiorHquo 

black1 HB3K30He1 5'-TTT~TC-3'-+5'-TTTtCTTCCjrTC-3 ' 
JJ:eJieIJ;H.H GAC c F D F F p s F 
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HHCep:u;Heii 
CCTTCC (+406) 

Bcero 7 
MyTaHTLI nocJie KOM6HHHpoBauuoro (HeiiTpoH1>1+y-KBaHThl) o6JIJ'IeHHH 

b88j5 15 AHaJiorH11Ho 
b88g15 « black1 

b88g97 « 
b88l71 20 
b88j69 « 
b88g22 30 

b79d8 20 3K30H 3: 
ACJICD;HH 5' -CGTtACCAGCAG3' -+5' CGTCAGGTGCTG3 

CACCAG (+1801) R H Q Q R Q v L 
b88e55 30 3K'.30H 3: 

AeJie:u;m1 5'-CA[TCGACCAATGCGACATAC~TGTTC3 ' 
TTCGACCAATG H s T N A I y L F 
CGACATAC 5'- CATTGTTCC -3· 

(+1826) H c s 
Bcero 8 

CpaBHHTen:oHhIH amum3 y-HH.ll:YIJ;HpOBaHHbIX MyTaHTOB c 

rrocne,n:oBaTen:oHocTbIO ,[(HK H3 annemr black+32 rroKa3an HaJiffCIHe ,n:eneu;mr B 1 

OCHOBaHHe y 3-x MyTaHTOB, ,n:eneu;HH (TOT) c HHcepu;HeH (CC) y O,ll;HOro H ,n:eneIJ;HH 

H3 11 rr.H. em;e y o,n;Horo MyTaHTa (Ta6n.2). MyTaHT b88d50 OKa3anc.sr KOMrrneKCHhIM, 

HMe.sI 3aMeHy oc~ AA B HHTpOHe 1 B6JIH3H MeCTa crrnaHCHHra H TpaH3HIJ;HIO o~ T 

B 3K30He 2, Be,n;ym;yro K CTOII-KO,ll;OHy. ,ll;Ba OCTaJibHbIX y-HH,n:yu;HpOBaHHbIX MyTaHTa 

HMeJIH ,ll;HK c MOJieKyn.sipHbIMH MapKepaMH annemr black1• 

3aMeHa ,n;HK annen.sI black+32 Ha ,n;HK amrnn.sr black1 Ha6nIO,n:aeTc5I II y 13 

HeHTpOH-HH,JJ;YIJ;HpoBaHHbIX MyTaHTOB, rrpircreM y o,n:Horo H3 HHX (b79al) 

o6Hapy)!(eHa ,n;orronHHTen:oHo B 3K30He 1 ,n:eneu;u.sr (GAC) c HHcepu;ue:H (CCTTCC) 

(Ta6n.2). OCTaBIIIHXC.sI HeHTpOH-HH,n:yu;npoBaHHhIX MYTaHTa c 

rrocne,n:oBaTen:oHocTbIO annen.sr black+32 HMenu ,n:eneu;uro H3 19 rr.H. B 3K30He 3 

(MyTaHT b88e55) H ,n;eneIJ;HIO B 6 II.H TaK)!(e B 3K30He 3 (MyTaHT b79d8) (Ta6n. 2). 

KaK 3TH, TaK H y-HH,n;yu;HpoBaHHbre ,n;eneu;IIH pa3MepoM 6onee 1 rr.H. qmaHKIIpoBaH:oI 

KOpOTKHMH rrp.sIMbIMH IIOBTOpaMH. 
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rrepBoro ,n;eneHHJl ,n;po6neHM5I. B TO)Ke BpeM5I, Ha6mo,n;aeMhIH rrepeHoc ,IIJIK aJIJieJI5I 

black1 Ha MecTo o6rrycmHHoro anrremi: black+32, MMeIOm;ero JIII3-3aBMCMMhie 

rroBpe)K,n;eHIDI ,L(HK o-creBM,n;Ho KrracTepHoro Tarra, Herrocpe,n;cTBeHHO YKa3J>IBaeT Ha 

Me)KaJIJ1eJ1J>HYIO peKOM6HHal.l;MIO (reHHYIO KOHBepcHIO) no MexaHM3MY CHHTe3-

3aBMCMMOfO o,n;Hou;erro11eqHoro OT)l(Mra (synthesis dependent strand annealing, 

SDSA), rrpe.n;rronaraIOm;ero HaJIM11Me roMonora M cpyHKII;MOHHpyIDm;ero rrocne 

06'.be,n;MHeHmI po,n;1uerrhCKHX reHoMOB. B cBeTe rrorry11eHHhIX HaMH ,n;aHHhIX TaK)Ke 

oqeBM,Il;HO, qTo KOHBepcHOHHbIH MexaHH3M perrapau;nn JIII3-3aBHCHMhIX 

rroBpe)K.n;eHMH ,L(HK n orrpe.n;emreT Ha6nIO,n;aeMbie BbICOKHe 3Ha-creHH5I Of3 

HeliTpOHOB B HH,Il;YKU:HH «T011KOBbIX» MyTaII;HH reHa black. 

Ba)l(HhIM pe3yn:hTaToM cpyHKU:MOHHpoBaHM5I KOHBepcnoHHoro MexaHM3Ma 

perrapau;MH B 3HrOTe IlOCJie CMHraMMH 5IBJrneTC5I He I10Tep5I reTep03HfOTHOCTH (LOH), 

a cpopMHpoBaHne roM03MrOTHOCTM (reconstitution of homozygosity, ROH) no y)Ke 

HMeIOm;eMyc5I B reHOMe reTep03MfOThI ! MyTaHTHOMY arrrreJIIO. 3To COCT05IHMe 

fOM03llfOTHOCTH He TOJlhKO coxpaHMTC5I B COMaTM"tleCKMX ll reHepaTHBHhIX KJleTKaX 

,n;aHHOH oco6n, HO rrpn Hacrre,n;oBaHMll HeCOMHeHHO yBerrnqnT B,Il;BOe ll Bpe,n;HhIH 

rrorrymru;MOHHhIH rpy3 ITO ,n;aHHOMY MyTaHTHOMY aJIJleJIIO. 
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