


ConepxaHue nekunm 11:

BBenoeHue

11.1. MpokKkapnoTnyecKkme XpoMoCOMblI
11.2. dyKapnoTuieckue XpoMoCOMblI
11.3. XpOMOCOMbI MUTOXOHAPUM
11.4. XpOoMOCOMBbI NnacTug

11.5. Bupychbil

11.6. Bupounasbl

11.7. MoOUNbHbIE 3N1IeMeHTbl FreHoMa
11.8. Mna3muabi

11.9. [MpnOHLI

11.10. HaHoGakTepumn

3aKrnr4yeHue



BBegeHue

S 'i“
PR
e}
i@% i-? '4"5

IBONOUMOHHOE APEBO JKH3HH, BBIABICHHOE B PE3y/bTaTe CPaBHEHHs nocieaosarenstoctei 16S 1 18S pPHK
[Pace, 1997]






Tpu KoponeBcTBa 1 Mmenkue KHsXXecTBa

&
4
G

Tapaxan

PecanTuareie



XpoOMOCOMBI

TepMUH «XpomMmocoma» NpeanoXun Hemeukun rmctonor X.
Banbpenep (H.Waldeyer).

Xpomocoma - OKpaweHHoe Teno. Xopowo KpacuTcs
OCHOBHbLIMU KpacuTensmu.
XpomocoMa, B LWUPOKOM CMbICNe, - «CTPYKTYpa,

cogepralas HyKNneuHOBYH KUCIIOTY U PYHKLMUA KOTOPOU
COCTOMT B XpPaHeHuu, peanusaumm v nepepadum
HacneacTBeHHOU MHoOpMaLUN».



PasHooOpa3ne TMNOB XpOMOCOM

XPOMOCOMBI
bakTtepun, JyKapuoT
BUPYCOB
M BUpomabi /\
ApepHble [TnacTtua

NHTepdasHble MutotTuueckumne Meunornyeckme



11.1. lNpokapnoTuvyeckme XxpoMoCOMbI

Apxeu (apxebakTepun)



JybaKkTepumn



Cxema pennukauum
FINHEeNHOM
XpOMOCOMbI Borrelia
burgdorferi

)
Ha4yano
pennukaLum

)
obpasoBaHue
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pa3pe3aHue Konbua
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11.2. SYKapVIOTVI‘-IeCKMe XPOMOCOMBDBI

[Mapa xpoMocom coaepXut 4BOMHOU HAbop
reHoB

Konus 1

”

Xpomocoma

Konus 2




NMpnHUMN meno3a

Juniionanas
coMaTHYecKan INansiouanasn
KJIeTKa NoJIOBas
(MyxCcKast) KJIeTKAa

napubii nabop
XpOMOCOM

OTHHOYHBIN
Habop Xxpomocom



Obpa3oBaHMe peKOMOMHAHTHLIX XPOMOCOM B
npouecce Mmeno3a

fameTbl

3apopbiwesas

fOMONOruYyHbie

XPOMOCOMBb! "oMOonoruyHele

XPOMOCOMb!




CooTHoLLeHMe pa3MmepoB XPOMOCOM

PSTV 359 H. |
STNV 1300 H. |
T4 165 000 n.H. N
S. cerevisiae 1 229 000 n.4. NN
M. genitalium 580 000 n.H.
S. cerevisiae 4 1532 000 n.H.
R e S e e )
2 000 000 n.H.
D. melanogaster 4 4300000 n.H. B
E. coli 4600000 n.H. N
H. sapiens 'Y 57 700 000 n.H. N
D. melanogaster 3 68 800 000 n.H. N
H. sapiens 1 245 500 000 n.H.

Puc. 1.3. CooTHOWIEHHE pa3zMepOB XpOMOCOM. KpacHble IMHUM 1I€MOH-

CTPUPYIOT JUIMHY XpPOMOCOMBI B Maciutade. JLi1s BepxHeit rpyribl Mac-

lwTaboM ABAAETCS JAJIMHHAA 3€€Has JIMHUA, a U1 HUKHEH IpyIibl —

KopoTkas. B o0oux ciyyasx aiMHa MacluTabHOM TMHUM COOTBETCTBYET
JIBYM MUJUTMOHAM Map HYKJIEOTH/10B.



OnvHa XpoMOCOM ApPOXKen
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JlnuHa XpoMOCOM JpOXIKEH
Saccharomyces cerevisiae.

[ludpsr ykassiBator qnuny JJHK B xpomocome (B 1nH),
KPAaCHbIM LBETOM 0003HAY€HbI LIEHTPOMEPHI



Habop YyenoBeyecKkux XpoMOCOM (MY>XCKUX)
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Pue. 4.4. Packianiku XpoMOCOM YesIoBeKa, NOCJIE PyTHHHOI okpacku (a), G-Oonumura (6),
R-Gonmnnra (B) u C-69namnra (r). Ha ¢oto a, 6 ¥ r 1aHL! packianky oTaebHbIX metadas-
HBIX [LIACTHHOK, Ha (OTO B NPEACTARIEHBI XPOMOCOMB] PA3HOI CTEIIEHH KOHACHCALMH W3
pasHbiX ajep. PoTo a, B U I npesoctasnens A. C. I'padonarcxum (MHCTHTYT XHMHUECKOI
Bronoruu u dyHnameHTanbHOM Memumie CO PAH, HoeocKbupcek). @oto 6 npepocransie-
#o D. McDonald n T. Knight (Fred Hutchinson Cancer Research Center, Seattle, WA, USA).



Cxema KapuoTumna 4yerioBeka
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Puc. 4.5. Cxema kapuotuna yesnoseka (a). Yepusiii et coorsercrByer G-02H1am, Kpac-
Hbli — T-0oHaM, xentbii — C-0oHaam. Xpomocomser 13, 14, 15, 21 u 22 umeror cnyr-
HHKW Ha KOPOTKHX rieyax. Xpomocoma 5 (0). a — HU3Koe paspelleHue, & — BbICOKOE.
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Puc. 4.9. FISH ¢ ucnoassosanm
eM 24 XpoMOCOMO-CIICUMPHIHBIX

OMOIMOTER YeI0BeKa HA XPOMO-

6 B 2dazs _ $
thnyopoxpom nceeaouser xpomocoma  COMHYIO [UIACTHHRY C HOPMaAJTb
[ — 1| HBIM KapuoTunos (2n = 46, XY)
[ 2 —» 2} (a). Lindpsl 0DOIHAYAOT HOMEDS
3 —» 3 xpoMocom (GoTo u3z HHTepHer-
B 2 > pecypca www.melasysiems.de)
W 22 >5[ L "

B 8 Cxema, OOLACHAIONIAN HCHIOTRTO

1+3 —>» 6

ﬂ J' BAHME TPEX (yopoxXpoOMOB JUIR
Wl 7] Fokaf

FISH na goro B, 2ai01mmx cemb
NCCRAOIBETOR VIR (ICCTH XPOMO-
com (0aHa KoMOMHAUMA HE MC-
HoL30Bana) (0). XpoMocoMmel 3
KYJETYDPBI KJICTOK XPOHHYCCKOH
MHEIJOHAHON JIEHKEMHH, HEC)
HLIHX MHOKECTBO TPAHCHOKA
UMN (YKA3aHB CTPEIKAMH) (B)

(poro 13 Hurepuner-pecypca

www.chrombios.com)



Cxema X- n Y-
XPOMOCOM
yenoBekKa

Puc. 12.6. Cxema X- u Y-xpomo-
COM 4eJioBeka. JInHuu coeauHs-
FOT TOMOJIOTHYHbBIE [1CEB/10ayTO-
comHble paionbl (PAR); rere-
POXpPOMATHHOBBIE PalOHbI X- H
Y-XpoMOCOM, OKpallMBarOLHECs]
C-meTtos10M, 0003Ha4eHbl OyKBa-
mu C; SRY — reH, onpejensito-
KA (GOPMUPOBAHHE MYIKCKOTO
noJsia (nmoapoOHee B pasjeine
13.3); Xic — caiit, B KOTOpOM
HayMHAeTCs MHAKTUBaUMUsA X-
XpOMOCOMBI (MogpodHee B paz-
nese 14.1). [Tonosbie xpomoco-
Mbl OOJIbLIMHCTBA MCCIIEI0BaH-
HbIX MJIEKOMUTAOLWUX (Kpome
HEKOTOPBIX MPLI3YHOB) HMEIOT 10
oaHoMy PAR, 1 TOJILKO 110J10BbIE
XPOMOCOMBI YeJIOBEKa HECYT MO
nsa PAR. CocraB reHoB B PAR
CHJIbHO BapbHpyeT MEX1y BH-
JTaMH.




Homo sapiens
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Puc. 4.14. Cpasunenune xpomocom yenoseka (Homo sapiens) ¢ 6au3kuM BHIOM (LLIWMITaH-
3e, Pan troglodytes) n nanekum Buaom (cBunbs, Sus scrofa). Kaxioi xpomocome yesose-
Ka IIPUCBOEH CBOM LIBET, @ LBETA XPOMOCOM HJIH MX ()pParMEHTOB Y LIMMIIAH3E U CBHHLH
[0Ka3bIBAIOT, KAKOH XPOMOCOME HeJI0BEKAa OHH COOTBETCTBYIOT. Menkue uudpbl Haja Xpo-
MOCOMAaMH LUMMIIAH3€E W CIPaBa OT XPOMOCOM CBHHLH YKAa3bIBAIOT HOMEPA OPTOI0THYHBIX
xpomocom uenoseka. [1oa xpomocomamu ykazaHa X HyMEpauMsa 118 KakJ10ro BHa.



obnacTsb,
noBpexaeHHas
nasepom

npeanonaraemMmbie
HapyweHns XpoMOoCOM

Puc. 8.5. Cxema sxcnepumenta T. Kpemepa ¢ coaBropamu, rnokasas-

LIEr0, YTO KaKJas XpoMOCOMa B MHTEP()A3HOM fApe 3aHMMAET CBOKO

XpOMOCOMHYI0 TeppuTopuio (13 [Meaburn, Misteli, 2007]). O6bsache-
HUS MPUBEJEHBI B TEKCTE.
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Puc. 9.1. Mepapxusa ynakosok JJHK u xpomaruna B MetadasHoil XxpoMocoMe, OT JABOHHOMH
cipanu JIHK (a). yepes nykineocomsl (0), 30-nanomerposbie GUOpHILILI (B), NETIH XpO-
MaTHHA, npuKperuieHHsie K ckdxddonay (r) u 1o meradasnoi xpomocoms (). Cripasa ot
CXeM a—/1 YKa3aHbl NPUOIH3UTENILHBIC Pa3Mepbl Kak/10H W3 ITHX CTPYKTYD. DNCKTPOHHO-
MHKpOCKonuyeckue Gororpaduu 0TALNbHOH HYKICOCOMbI (€), LEeNOYKH HYKJICOCOM, CO-
eanHeHHbIX BMecTe Huamu JITHK (&), u 30-vanomerpossie puOpuiis (3) (13 [Olins, Olins,
2003]). Bo3amoxkHas cXxemMa yIakoBKH XPOMATHHA € NOMOLLLIO KOHASHCHHOB (H). HUTh Xpo-
MaTuHa 0003Ha4EHa CHHUM LIBETOM, @ CYObE/AMHHIIbI KOHACHCHHOB — 3€JICHBIM U OpaHKe-
BbIM LIBETAMMH.



Puc. 9.2. Hekoropuie mojenu oprauusaudu 30-vanometpoBoit pubpmii-
nbl (M3 [Wong et al., 2007]). Bepxuuii psa npeacrasisier Buja cOoKy, a
HUKHHH Pl — BUJ CBepXY pparmeHTOoB 30-HaHOMETPOBLIX pHbOpHILL, CO-
CTOSALLMX M3 HYK/ICOCOM, COAEPIKALLUMX BMECTE C JIMHKEpaMH (cJieBa Ha-
npaso) no 177, 187, 197 u 207 n.u. llInypsl KpemMoBOro upera uzodpaxa-
T ABOHHBIE cnipanu JIHK, skenThiM 1BETOM noOKa3aHbl IMHKEPHI, TEC/1b-
ua 6enoro usera M300pakaloT JIHHKEPHbIH THCTOH, OCTA/IbHbIC TMCTOHLI
HE MoKa3aHbl. XOPOLIO 3aMETHO, YTO HYKJICOCOMbI HMEIOT pa3sHbiH yroJ
HAKJIOHA OTHOCHUTEILHO OCH 30-HaHOMeTpOBOH (pUOPHILILI B pa3HbIX YK-
naakax. YroOsl 3T0 11pOCMOHCTPHPOBATH, O/1HA HYKJIEOCOMA B KaXK/10M
MO/IEJIM BBIJIEJICHA LIBETOM (CHHWH, CHPEHEBbIH, 3€JIEHBIH, OPAHIKEBBIN ).



CTpyKTypa HYKNneocombl
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Puc. 9.6. OcHoBHbIe MOAM(DUKALMKN AMUHOKHUCIIOTHBIX OCTAaTKOB B KOPOBbIX I'MCTOHAX Ye-
JoBeKa. 3eneHble 3HauKu (Ac) 0003HAYAKOT ALETUIILHYIO FpyIny, kpacHbie (Me) — me-
TWIbHY10, keaTble (P) — docdarnyro, ronyoeie (Ub) — mMoliekyiy yOUKBUTHHA.
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Puc. 111, Cxenma npoueccos, MEHHUHHPYIOWHX GopMupoBanne retepoxpomarita. Cas-
wtpanne Oeikosoro komiviexea RITS no mexasnimy RNAI ¢ palios#oM XpoMOCOME, cO-
sepxaumy nostopennyio IHK (a—r). TMpuaievenne kosmmiekcom RITS apyrux Genkos,
soasduuspyomnx N-XBOCTEE I'HCTOHOR B JAHHOM paioxe xposocomsl (1, e). Tlpamo-
yroassnkn H3 w H4 0D03Ha4310T KOPOBYH) HACTE THCTOHOR, 3 NIPAMBIC JIHHIM — HX N- r
soHuensie vacTy, KpacHue wectHyroibHHKH H300paKaIoT MeTHILHEIE PYINLl, a jeie-
Hete QUasKn — aueTiwibibie rpynne. beaok ronyioro weerd co IHakoM BONpoca B KoM«
JIEKCE HA PHCYHKE 1 ODOBHAYBET HEHIBECTHYIO FUCTOH-METHITPaHCdepaty, KoTopas, 1o-
BHAMMOMY. cywiecteyer, Tak kak SU(VAR)3-O ne cnocobua npucocanuate nepeys me-
THABHYIO FPYINY, & TONLKO BTOPYIO # TPETBIO. OCTANLMEE NOACHEHNS JaNb! B TEKCTE,




BHELLHASA BHYTPEHHSASA
nnacTuHKa nnacTuHka
KMHEeToxopa KMHETOXOpA

HUTK
BepeTeHa

HYKNeoCoMbl
HYKN€OCOMBbI c H3

¢ CENP-A
Puc. 17.8. Moaens opraHu3auuu LUEHTpoOMEp-
HOIO paloHa XPOMOCOMBI. 3€IEHBIE U KpacHble
JIMHUM H300PaKaOT HUTH XPOMATHHA.



B-xpomocombl

Puc. 4.16. MetadasHble nnacTHHKK cubupckoit kocyiu (Capreolus pygargus), oKpallieH-

HbI€ PYTHHHBIM METOJIOM, C BOCeMBIO (@) M 14 (0) B-xpoMocoMaMu (OTMeUeHE! CTpeKamH).

®oto npeaocrasieHel A. C. ['padponarckum (MHCTUTYT XMMHYeckoi GHOMOTHY U (GyHaa-
mMeHTaneHoi MeauunHel CO PAH, HoBocubupck).



CxemMa pa3HbiX BapnmaHTOB onpeaesrieHus nona
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Puc. 12,1, Cxema pasnisIx sapuaiion onpeaeieis nosa n noaoseix xposocom (a). Tepyun “renernveckumu daxropamu’™ ouens yeironen,

TAK KAK N0 B JH0DOM cayuae onpesensercs renernieckumu haxropasu, Ha cxeme 910 03HA4ACT ML 1O, YTO B TPEX CAYHARX pasHiie

(PaxTOPR! HHHUMHPYVIOT NPOLECC ONPEACACHHA Nand, CXema, WIUIOCTPHPYIOIAS HAIHYHE AN OTCYTCTRHE OA0BKIX Xposmocom (XX/XY

Win ZZ/7ZW) nbo 1eMIepaTyposagncHMono ONpeIeeHns noia (17) ¥ npeacTasHre/ e pasHux TAKCOHOB noisoHouHux (6). Haauune 1ol
HAN HHOH cHeTembl 0003HAMCHD ranodkol, CACEa NPHBCACHO DIIOICHETHHECKOE Ipeao NosaoHouHEIX (13 [Ezaz et al,, 2006]).



Habop nonoBbIX XpOMOCOM pas3fUYHbIX
OpraHn3MoB

Opranusm

MyxCcKHE 0COOH

JKenckue ocodm

Pactenns:
waseab Rumex acetosa
omena Viscum fischeri

o'y o
XXXy Yy

b B ‘
X XXy

becno3BoHouHbIE:
myxa Drosophila miranda XXy XXy
naykH ot X0 ot XX

10 X'X*X’x*0 X XXXXXXX
babouka Samia cynthia byt 7 A Z2'7°W
babouka Phragmatobia fuliginosa 77 ZW'W?
PenTuanu, 3eMHOBOIHBIC, PbIObI:
uryaust Polychrus XXy Xx'xxt
siepuisl Calyptommatus XXY X'xxixt
nsrymika Eleutherodactylus maussi | X'X°Y X
EKTpUYecKHe yrpu Gymnotus XY Xahex?
sueporonos Trachinocephalus myops |ZZ ZW'W?
Muiekonuraiouue:
necuauka Gerbillus gerbillus XYy XX
pesyH Alouatta carava XYy XX ex
peByH A. palliata XY X XXX

YTKOHOC Ornithorhynchus anatinus

XXy Yyyy

Xl Xl X2X3X3X3XJXJXSXS
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Pue. 12.2. Cxema BOIHHKHOBEHHS CIOKHBIX CHCTEM TOJIOBBLIX XPOMOCOM B
PEIVABTATE TPAHCIOKALMIA MEKLY AYTOCOMAMH 1 [I01I0BLIMH XPOMOCOMAMH.
[MTapa ayrocom (AA) v napa nonossix xpomocom y camua (XY) n camgn
(XX) npeaxororo Buja (a); Bosunknoenne cuerems X' XY/ X' X' XX npu
TPAHCIOKALIMM MEALY ayTOCOMON H Y-Xpomocomoii (0); oGpazoBaHue cucre-
Mbl XY'Y/XX npH TpaHcIoKaumH MexLy ayToCoMOi H X-XpoMocomoii (B).
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Puc. 12.4, Cxema nesasucHMono NPpOHCXOMICHHMA OB0SLIX XPOMOCOM H3
PAIHEIX DA AVTOCOM Y MACKOIMTAIOWMX, M W 3smel (w3 | Vallender,
Lahn, 2006]).
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Pue. 13.1. Cxema xackala, NpoxXOAKUIEro (IPH ONPEACIEHMI [IOJA B COMATHYECKNX KaeTKax Aposodman, Llsetnmie ropusoniansume
JIHHMK H300PAKAIOT FEHE M HX TIPOMOTOPI, BOIHHCTLIE MK n3o0paxawr PHK, cuurannsie ¢ ymmx renos, OOuscHenns Lansl 5 TexcTe

X . 2A Cameny
v
SIS-A
L,
oPN - 0
msie
ao3cean
KOMMEHCALIUS
HeQYHKLUMOHANSHBIR
Benok SXL
t fra
A | >
ANNANANANANANANANAN L
ANNANANANNN
u > Y
P — e
Sx/ HehyHELIMOHENEHLIN
dice Benok TRA
| S S
L >
v
Y
psx™



XX

Sox9
WNT4

FGF9

\J

/_?;XQ

WNT4

doNNUKyNspHble
KNeTku

!

ANYHUK

.

Camka

Pue. 13.5. Ynpouwennas cxema B3aumMoieicTBus
F€HOB, IMPHBOALLMX K 1101080 AHDdepeHumupoB-
Ke SMOPHOHOB MJICKOIIHTAOMMX. 3elIeHbIe CTpe-
KH 0003HAYAOT AKTHBALMIO, @ KPACHLIC JIHHUM, [1¢-
PEYEPKHYTHIE HA KOHUE, — noaasieHue. Ocralib-
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Hble OOLIACHEHHS 1AHbI B TEKCTE.
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Puc. 31.11. Lukn JyKapuoTHYeCKOW KJETKM JEJMTCS Ha YeTbipe
¢daspl, G1, S, G2 1 M. Vka3aHa npoaouKMTeIbHOCTh (a3 B KY.IbTH-
BUPYEMOM JIMHMM KJIETOK MJICKOMUTAIOIIMX.



11.3. XpOMOCOMbI MUTOXOHOPUN



Kapta mutoxongpuansHou OAHK gpoxoken
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Puc. 9.6. Kapra mutoxonapuansuoit JHK npoxoxeii.

B M1/IHK pacnonoskens! rensl, He0OXOAMMBIE /Ul TPAHCIAIMK B MUTOXOHApuAX (rmaBHeiM oOpazom pPHK u TPHK),
a Takke reHbl, Koaupylouue cyObeannuibl 0eKkoB, CBA3aHHbIX ¢ npoaykuneir ATP



PyHKUMOHaNbHO-reHeTn4yeckasa kapta mtAHK
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YnpouweHHaa cxema MTOHK yenoBeka

OH*\
P 4
4

Homo sapiens

16568 n.H.

oy

r

OL

4
o

Puc. 3.2. CxemMa MUTOXOH/IpUAJIbHOH
XPOMOCOMBI 4eI0BEeKa. BHEWHUN Kpyr
u3obpaxaetr H-uenb, BHyTpeHHHH — L-
uenb. KpacHbiM 1BeTOM 0003HAYE€HbI
redbl TPHK (22), yuepusim — pPHK (2),
opaHkeBbIM — CyObeauHuLbl NADH-
aeruaporeHasbl (cemb U3 46), rouay-
ObIM — uMToxpoma b (oauH u3 11), 3e-
JIeHbIM — LMTOXpOoMOKcHaa3bl C (Tpu U3
13), kenrbiM — ATd-cuHTeTasbl (J1Ba U3
16). CepbIM 11BETOM 0003HA4€Hbl HEKO-
aupytotue yyactku. OH — touka Hava-
na perviMkauum Tsaxeno uenu, OL —
TOYKA HayaJia PerIMKaLuM JIerKoi Lenu.
CTpenku yKa3blBalOT HallPaBJIEHHs perl-
JIMKALUH.



Pasmepbl MUTOXOHAPMAaNbHOU XPOMOCOMbI Y
pa3nuUyHbIX OPraHN3MoB

OprauusMm PasmMmep, M.H.
A. suum (Kpyribi€ YEpBH) 14284
D. melanogaster (HacekoMbI€) 19517
X. laevis (3eMHOBOAHBIE) 17553
G. gallus (nTuub) 16785
H. sapiens (MIIeKOIIUTaIOIINE) 16569



11.4. XpoMOCOMbI NnacTua

* [ @eHOMBbI XNTOpPONNacToB U MUTOXOHAPWUA BO
MHOIOM MNMOXOXKW.

» OnHako pa3mepbl xnAHK 6onbLue.
* B HEKOTOPbIX reHax BCTPe4anTCA UHTPOHbI



eHeTn4yeckan KapTta xnoponnactHou [HK
ne4yeHOYHOro Mmxa

rpl21 58

ndh2
rpl23
rpl2
rps19
rpl22
rpoB rps3
rpll6
rpoCl rpll4 petD
rps8 petB
infA psbH
secX psbB
rpoC2 rpsll
rpsl8
rsp2 rps33
atpl
atpH
atpF
atpA

mbpX

psbD
psbC



CooTHOLUeHMe pa3mMepoB XFTIOPOMNMaCTHbIX
XPOMOCOM

P ——

Nicotiana tabacum

7 1558TnH

Zea mays

140,4 T.n.H.
,l|\ Pinus thunbergii
‘ ' 119,7 T.n.H.
Epifagus virginiana
70 T.N.H.

Puc. 3.1. CooTHOlIEHHE pa3MEPOB XJIOPOIUIACTHBLIX XpoMocoM U pazmepoB LSC (kpac-
Hbli), SSC (3enenbli) K IR (kenrslid) y Tabaka (Nicotiana tabacum), KyKypy3bl (Zea mays),
COCHbI YepHOU (Pinus thunbergii) n napazuTHYECKOro pacreHus Epifagus virginiana.




11.5. Bupychli

e IHK u PHK copepxaline Bupychbli



bakTtepuodar

Collar
Sheath

Tail
fiber



XXn3HeHHbIN unkn para M13

O -0~

(ss) AHK w3 (ds) JIHK Mmuoro ds )ll'll(
BHPYCHON YacTHURI

E. coli

muoro ds JHK




CTpykKkTypa peTpoBupyca

Bupycusie Geaxn

Obosronka
(YRpaaecna

¥y MATCPHUCKON
KJACTEM)

Buennnn
Ocoikosan
odo1ouKs

Buyrpennan
Beavonan
oboS0M KA



11.6. Bupouabli



11.7. MoOUNbHbLIE 35f1EMEeHTbI FreHOMa

TpaHcno3oHbl bapb6apa MakKnuHTok



11.8. lMnasmugbl

Kaptel F-daxropa E. coli u nnasmuasl R [Russell, 1998. P. 661]



11.9. [PUOHBI



11.10. HaHoOaKTepumn



3aKknro4vyeHume



IlutepaTtypa:

1.

2.

4.

N.®Kumynes. OOwas v MonekynspHas reHeTuka.
Cunbupckoe YHUBEPCUTETCKOE N30aTenbCTBO,
HoBocunbupck, 2007, 479c.

[.E.Kopskos, N.®.Knumynes. Xpomocombl. CTpyKTypa U
dyHkums. N3g-so CO PAH, HoBocnbupck, 2009, 258c.

E.[1.CBepanoB. B3rnag Ha Xu3Hb 4Yepe3 OKHO reHoma.
Tom 1, O4YepKkn CTPYKTYPHOU MONEKYIIAPHON FEHETUKN.
Hayka, Mockea, 2009, 525c.

[Oasna Knapk, JloHHn Paccen. MonekynsapHas buonorus:
npocton n 3aHumartenbHbin noaxod. 3A0 «KomnaHuga
KOH[IO», 2004, 472c. (David P. Clark, Lonnie D. Russell.
Molecular Biology made simple and fun. Cache River Press,
2000)









