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PSTV 359 H. |

STNV 1 300 H. |
T4 165 000 n.H. N
S. cerevisiae 1 229 000 n.H. |——
M. genitalium 580 000 n.H.
S. cerevisiae 4 1532 000 n.H.
R T R RS SR R S R ST
R | S LTy
D. melanogaster 4 4300000n.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.
H. sapiens 1 245 500 000 n.H.

CootHouieHue pazmepoB xpomocoM. KpacHbie TMHUHM JEMOH-
CTPUPYIOT JUTMHY XpOMOCOMbI B Macuitabe. JlJis BepXHel rpyIibl Mac-
1TaboM ABIISIETCS JJIMHHASA 3€JIeHas JIMHUSA, a JUIsl HUKHEW Ipynibl —
KopoTkasi. B o6oux ciyyasix ajimHa MaciuTabHOM JTUHUM COOTBETCTBYET

JByM MWJJIMOHAM Map HYKJI€OTH/10B.
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Fig %3

Pucynok u3 kauru B. @nemmunra (1882), uzobpaka-
IOLHH pa3Hble CTAHHU JAEJeHHs KJICTKH DIHTEIHS calaMaHIpb



Chromosomes are made of DNA molecules
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a one chromosome (unduplicated)

) 1 DNA molecule
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b one chromosome (duplicated)
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Chromosome Types

\ Metacentric

Acrocenm'c\ \

\
Telocentric .
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Knaceudukauus mutornuecknx
XPOMOCOM 110 PacrOJIOKEHUIO LLEHTPOMEPDI
(a): meTauenTpuk (ciesa), cyOMeTalEHTPHK
(B ueHTpe) u akpoueHTpuk (cnpasa). CryT-
HHUK 1 BTODHYHasl IEPETSKKA (yKa3aHa cTpel-
KOM) Ha OIHOH M3 XPOMOCOM OOBIKHOBEHHOM
ramoku (Vipera berus) (6). Makpo- 1 Mukpo-
XPOMOCOMbI Ha MeTada3HOI I1aCTHHKE cepoii
BopoHbl (Corvus cornix) (B). ®oTo npenoc-
tasjiensl A. C. I'padonarckum (MuctutyT
XUMHYECKOH OHoI0rin 1 hyH1aMeHTaIbHOIM

meanumnbl CO PAH, HoBocu6upek).

& '\’
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Pric.4. IIprmnveps1 kaproTimioB: A — ckepaa (copHoe pacTeHie), b — Hopka;
B — mrymka, I' — Mpmm



TEERETRERRTLLY

6-X-12

AOANAG XX KB aad

13-15

6 17-18

XXX A Aa b

19-20







7 Yo
I IR

eme
o

N h 35 t:

N M

L& an

20 21

4 5
Y
i 2
I ¢ H i)
16 " 18
LR ; 'y
22 Xy

lw-bd'
423) et ¢

1 G- okp XPOMOCO:! \4(46 XY)
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Huddeperumaiphas G-okpacka xpomocoM (46, XY) 6e3 npensapuTensHOR obpaboTku npe-
napaTos (cM. npuoxenne 4.2.1); MeraasHas nJ1aCTHHKA H PACKJIA/IKA.
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Juddepennmaibaas C-oxpacka xpomocoM (46, XY) ¢ HCIO.Ib30BAHUEM THPATA OKHCH Bapus
1 XJI0pHIa 1e3us (CM. lipuaokenHe 4.4.2); meradasnas TIACTHEKA M PacKiia/ika XpOMOCOM.




Jubdepenuuatbaas OKpacka CeCTPHHCKHX Xpomati npu skmouennu BrdU. Kpacurens
Pomanosckoro—I'um3bl.

4 — OKpAacka ¢ HCTIOJIb30BAHUEM TEPMHYECKOi 06paboTkH (cM. npuioxkenue 5.2.4.); 6 — 0kpacka ¢ HCHOJTb-
sosanuem ¢moopoxpoma Hoechst 33258 n V®-obnyuenns (cM. npuaoxenue 5.2.3).
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Merada3sHas riacTHHKa Y€JI0BEKa, 1Mo-
KpallleHHas ¢ ucronb3opaniem mMetona Rx-FISH.
Beepxy BuaHO nHTepdasHoe sa1po (u3 [Ferguson-

Smith, Trifonov, 2007])






[Tetns B mieye D xpomoco-
mbl 11 y rereposurorHoii ocobu Chiro-
nomus cingulatus, o6pa3zoBaBiuascs
6naronapst uuBepcuu (a). Cxema, no-
acHstowas gororpaduto (6). Hopmasis-
Hasi XpOMOCOMa 0Ka3aHa CHHUM LiBe-

r A N - - TOM, @ XpPOMOCOMA C HHBEPCHeN — Kpac-
| ? S ueim. Crpesikn 0603HAYAOT TIOPAI0K

N F€HOB HAa TPEeX Pa3HbIX y4yacTKax, MH-
BEPTUPOBAHHBII pailoH 0003HauYeH

H ckobkoi. KpecrooOpasHas cTpykrypa y

T(; 1) B i F reTepo3uroTHoi ocodu Chironomus sp.

prope agilis, BO3HUKILAs W3-3a PELHII-

POKHOH TPAHCJIOKALMH IJIeY MEXY

1 xpomocomamu [ u III (B). Cxema, mno-

e ) scHstowas potorpaduto (r). Xpomo-

0 ) coma I cocrout u3 nied A u B, xpomo-

A coma III u3 e E u F. B pesynbrare

: TPaHCJIOKALIMH [10J1y4aeTCsl HOBasi KOM-

6unaums mieu: AE u BE. ®oto npezo-

crasiieHbl A. T. UcTomuHoi (a) u

B. B. I'onbiruxoii (B) (MHCTUTYT LIMTO-

norun U redetukn CO PAH, Hosocu-
oupck).

T(; 1)



DNeKTPOHHO-MUKPOCKOITMYECKHH cpe3 yda-

CTKa XpOMOCOMbI 3R M3 CIIFOHHBIX KeJe3 TMYUHOK

D. melanogaster ¢ 4eTKM PUCYHKOM JIMCKOB M MEX-

JuckoB. @oro npenocrasieHo B. @. CemelunHbIM

(MHCTUTYT XMMHUECKOM OHONIOrHH U (dyHIaMeH-
tasibHOU MemuiHbl CO PAH, HoBocuOupcek)



63A1-3 63B9 63E2-3

DJIeKTPOHHO-MHKPOCKOIIMYECKHUIA cpe3
yudacTka XpoMOCOMbl 3L U3 CIIHOHHBIX JKeJe3 JIu-
4HHOK D. melanogaster ¢ 5K1130HOBBIM 1y(oM
(63E2-3) n nypom TemioBoro woka (63B9). Xpo-
Mocoma 6e3 BO3eHCTBHS FTOPMOHA SKAU30HA WK
TEIIOBOrO OKa (0); TOT JKe y4acTOK XpOMOCOMBI
nociie 06paboTKH IKAU30HOM () MM BO3eHicTBIS
TEIJIOBBIM LIOKOM (B). B pe3ysbrare Bo3aeiicTBuii
JMCKH B ONpEJIEJIEHHbIX MECTax MCYe3atoT, a Ha
MX MECTe BO3HMKAIOT Nydbl. JINHUK COeMHSAIOT
rOMOJIOTHYHbIE paiioHbl. POTO MpenocTaBiieHbl
B. @. CemetmnbiM (MHCTUTYT XMMHUECKOI G1O-
Joruv U pyHaameHTanbHON Memuuuael CO PAH,

HoBocubupck).
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XpomMomep MaTpUkc

DuKCHPOBaHHBIE M OKpALLECHHbIE cepeb-
POM XpOMOCOMBI M3 OOLUMTOB TPUTOHA Triturus
cristatus carnifex (a). Xopowo BHIHbI KpecToo0-
Pa3HbIE€ COEIMHEHUS] FOMOJIOIOB U MHOKECTBO [e-
Telb. YacTb XpoMocombl nipu GosbLoM yBeJlnye-
HUHU (0). Buanbl niotHsle TeMHble XpOMOMEpHI U
newim. Cxema opranmsaiuu xpomocombl JII (B)

(n3 [Morgan, 2002]).






CpaBHUTENbHbIE NCCNENOBaHNUA FEHOMOB YEroBeKa U LUMMMNaH3e
NOKa3bIBAKOT, YTO HEKOTOPbIE UX XPOMOCOMbI OTIINYakTCA NALLb
MO HaNM4no NepuLeHTPUYecKnx MHBEpCcum

Xpomocoma 4 yernoseka LEHTPOMEpP
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Packiajiku XpoMOCoM uesioBeka, mociie pyTHHHON okpacku (a), G-6onaunra (6),
R-6onnunra (B) 1 C-691uura (r). Ha ¢oto a, 6 1 r JaHbl packiiajiku OTAebHbIX MeTadas-
HbIX [JIACTHHOK, HA ()OTO B NPEICTABICHBI XPOMOCOMbI Pa3HOM CTENEHH KOHEHCALMH W3
pasubix saep. Poro a, B u r npepoctasieHsl A. C. [padonarckum (MHCTUTYT XUMHUYECKON
6uonoruu u GpynnamentanbHol Meauuntsl CO PAH, HoBocuGupcek). @oto 6 npenocrasiie-
Ho D. McDonald u T. Knight (Fred Hutchinson Cancer Research Center, Seattle, WA, USA).
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panoHbI

nne4yun

Cxema KapuoTHIia yesoseka (a). YepHblii uet coorBerctByet G-09Haam, Kpac-
Hblll — T-69H1aMm, xentbiii — C-69n1aM. Xpomocomsl 13, 14, 15, 21 u 22 umeror cnyT-
HHUKH Ha KOPOTKHX muiedax. Xpomocoma 5 (0). a — HU3KOe paspelieHue, 6 — BbICOKOE.
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Xpomocoma

FISH ¢ ucrnonb3oBaHu-
eM 24 XpoMOCOMO-CrIeLIM(pUIHBIX
OubaMOTEK YesoBeKa Ha XpOMO-
COMHYIO MJIACTUHKY C HOpMallb-
HbIM KapuoTunoM (2n = 46, XY)
(a). Ludpsl obo3HayaroT HOMEpa
xpomocoMm (¢oro u3 MHrepHer-
pecypca www.metasystems.de).
Cxema, 00bsCHSIOLLIAs HCII0JIb30-
BaHUE Tpex (yopoxXpomoB st
FISH Ha ¢oto B, naromux ceMb
TNICEBOLBETOB /115l LUECTH XPOMO-
coM (o1Ha KOMOMHALMS HE MC-
nosib3oBaHa) (6). XpoMoCoMbl U3
KyJIBTYpPbl KJIETOK XPOHHYECKOM
MHUEJIOUIHON JIEUKEMHH, HeCy-
[IMX MHOXECTBO TpaHCJIOKa-
UMl (yKa3zaHbl CTpeslkaMH) (B)
(¢poto u3 MuTepHeT-pecypca

www.chrombios.com).
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CpaBHeHue xpoMocoM yesioBeka (Homo sapiens) ¢ 611M3KHM BHAOM (LIHMITAH-
3¢, Pan troglodytes) n nanekum Buaom (CBuHbs, Sus scrofa). Kaxoii XpOMOCOME YeJloBe-
Ka [PUCBOCH CBOIi LIBET, a LIBETA XPOMOCOM WJIM MX ()ParMEHTOB y IIMMIAH3E W CBHHbH
MOKA3bIBAKOT, KAKOH XPOMOCOME YeJIOBEKa OHM COOTBETCTBYIOT. Menkue uudphl Haj Xpo-
MOCOMaMH LIMMIIAH3€ W CHIPaBa OT XPOMOCOM CBHHBH YKa3bIBAIOT HOMEPA OPTOJOrMYHBIX

XpoMocom uesioeka. [Tox Xxpomocomamu ykasaHa ux Hymepauus JUIsi KaK10ro BUJa.



baunknora B 50 aBcTpanuiickux 10iu1apos ¢ uzobpaxenuem JJHK u no-
JUTEHHbIX XPOMOCOM (yKa3aHbl KPaCHOM CTPEJIKOI Ha HIXKHEM (OTO)



Cxema X- 1 Y-Xpomo-
coM yesioBeka. JIMHUU coeIHs-
IOT FOMOJIOTHYHBIE [ICEB10AYTO-
comubie paiioHbl (PAR); rere-
POXpOMaTHHOBbIE palioHbl X- U
Y-XpoMOCOM, OKpaLIMBarOILIKECs
C-meTo10M, 0003HaueHbI OyKBa-
mu C; SRY — reH, onpejesto-
1wuit GopMHPOBAHHE MYIKCKOIO
nosna (nmoapobOHee B pasjelie
13.3); Xic — caiit, B KOTOPOM
HauMHaeTCcs MHaKTuBauus X-
XpomMocoMmbl (roapobHee B pas-
nene 14.1). ITonoBbie XpomMoco-
Mbl OOJIBILIMHCTBA MCCIIE0BaH-
HbIX MJIEKOIUTAIOIUX (Kpome
HEKOTOPBIX IPbI3yHOB) UMEIOT 110
onHoMy PAR, U TOJILKO 110J10BbIE
XPOMOCOMBI HeJIOBEKa HECYT 110
nBa PAR. CocraB renos B PAR
CHJIbHO BapbUpyeT MEXAy BH-

JaMH.




B narepalribHble

il

M"IIM"? I aNEeMEHTbI
LeHTPanbHbINA

XpOMartuHoOBbIE
netnu

BuBaJIeHT OJHOI M3 ayTOCOM camua IkHoadpuKaHCKoro Tapakana Blaberus giganteus Ha ctaaun naxuTeHbl (a). XpoMOCOMbI
GbLIHM PACILIACTaHbl HA TIOBEPXHOCTH PACTBOPA CAXapo3bl U OKPALICHbI A30THOKUCIIBIM CEPEOPOM, (OTO C1e1aHO B DJIEKTPOHHOM MHKPOCKO-
rte. OTUETIIMBO BUHBI CHHANITOHEMHbIH KOMILIEKC B BUJIE ABYX YEPHBIX JIMHHI U cepoe 00J1aKo NeTeslb XpoMaTuHa. 3Be3/104Ka yKa3blBaeT Ha
PEKOMOHHALIMOHHBIIT Y3€JI0K, @ CTpeska — Ha PaiiOH NMPULIEHTPOMEPHOTO reTepoxpomarita. Ha KoHIlax XpoMoCoM BHIHBI TEJIOMEPHbIE Y3EIIKH.
JIeKTPOHHO-MHKPOCKOIMUECKHUI cpe3 uepe3 GuBajieHT y TapakaHa B. giganteus npn Gosbinom ysenndenuu (6). JID — narepanbHbiii ojie-
MeHT, [ — HeHTpasibHblii aneMeHT, X — XpomMaTnHOBbIe neTii. CXeMa CHHANTOHEMHOr0 KOMILIEKCa (B). 3e/ieHbIM LIBETOM 0003Ha4€eHbI
napbl XpOMaTHl, KOTOpble COBMECTHO ¢ KoresuHamu, SYCP3, SYCP2 u apyrumu Gesikami 00pasyIoT 110 0HOMY JlaTepajlbHOMY DJIEMEHTY.
KpachbiM 11BeToM 0603Ha4eHbl MOJieKy.ibl Genka SYCP1, kotopblii o6pasyer LieHTpaJbHBbI 25ieMeHT. DoTo npenocrasieHsl JI. B. Boicou-

koit n O. A. Aranosoii (HoBocHOUPCKHii rocy1apcTBEHHbI YHUBEPCHTET).



Maccbl ramjiouJHbIX FreHOMOB Pa3JIM4HbIX OPraHU3MOB
(nanHble u3 MHTEpHET-pecypca www.genomesize.com)

Opranusm Macca, nr

Camble MaJleHbKHE TeHOMBI:

Hematoza Pratylenchus coffeae (cpenn 6ecrio3BOHOYHBIX M BCEX 0,02

JKUBOTHBIX)

pwiba Tetraodon fluviatilis (cpean pbi0) 0,35

nsryiika Limnodynastes ornatus (Cpeid 3eMHOBO/IHBIX) 0,95

tasan Phasianus colchicus (cpeaun nTui) 0,97

swepuua Chalcides mionecton (cpean penTHIvi) 1,05

nery4das Mol Miniopterus schreibersi (cpeiy MIEKOMUTAIOILNX) 1.73
Cambie 00J1blIKE TEHOMBI:

crpayc Struthio camelus (cpeay NTUL) 2,16

uepenaxa Testudo graeca (cpeiu penTHIIHA) 5,44

rpei3yH Tympanoctomys barrerae (cpeau MIEKOIUTAIOLINX ) 8,40

6okoruiaB Ampelisca macrocephala (cpeld MHOTOKJIETOYHBIX 64,62

0€eCIro3BOHOYHBIX)

canamanjpa Necturus lewisi (Cpeain 3eMHOBO/IHBIX ) 120,60

JIBOSIKOJIbIIIIALIAs pbiOa Protopterus aethiopicus 132,83

(cpenu pbib M BCeX MO3BOHOYHBIX)

Amoeba proteus (npocteiiune) 300

Amoeba dubia (npocreiiine) 700
Yenosexk H. sapiens 3,50




1,0 4
0,8 - ] r [_ 8,3 % — PeTPOTPaHCNO30HbI
r 2,9 % — TpaHCno30oHbI
3 % — npocTble nosTopHI 13,1 % — SINE-anemeHTbI
0,6 5 % — cermeHTHbIe 204 % —
nnvkauum s
o AynnaKaty LINE- anemeHTb
8 % — retepoxpomatuH
0,4
0.2+ 11,6 % — pasHbie
YHUKanbHbIe
nocnesoBaTenbHOCTM
0 25,9 % — UHTPOHbI 1,5 % — 6enok-koampyioLme
SES8 Lo 2 5 Topl 2 @ nocrefoBaTenbHOCTM
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lucrorpamma, orpaxarowas nomo Oenok-nexonmpyroweii JIHK B o6weii amue CHOMa, Y HEKOTOPbIX BH/IOB OPraHH3MOB (a).

Pasnbie takconbl 0603uavens LIBETOM: CHHUI — GakTepusi, rony6oii — MH(Y30pHH, PHONETOBBIIT — rPUGHI, TeMHO-3e/1eHbIi — pacreHue,

CBETIIO-3€/IeHbIii — KpyIiIblii YepBb, KeaThlii — HACEKOMBIE, PO30BBIH — IITHLA, KPACHBIH — MIICKOIUTAIOLIE. Hons pasHbIX THIOB 110-
C/Ie0BaTENLHOCTEH B COCTaBE reHOMa uesioBeka () (u3 [Taft et al., 2007] (a) u [Gregory, 2005] (6)).
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Cxema peruinkaunu JIHK B Tesiomep-
HOM Y4acTKe XpOMOCOMBI. J[BOiiHas criupalib
JHK no perukauuu (a). ITpouecc peruimka-
uuu; Hoeble tenu JJHK o6o3HaueHb! ronyObim
usetom, a PHK-3arpaBku — kpacHbiM (0). 3a-
BepLUEHHE periMkauuu (B). YianeHue caMoii
KpaiHeii 3aTpaBku U 0Opa3oBaHHE OJHOLIEIO-
yeyHoro ¢parmeHTta (0OBeIE€H KPAaCHBIM Kpy-
rOM) M3-32 YKOPOUEHUS OJJHOW M3 HOBBIX LieTeH

JIHK (r).



3'-CCCCAACCCCAACCC CCCCAA
a 5-GGGGTTGGGGTTGGGGTTGGGGTTG

3'-CCCCAACCCCAACCC
6 5'-GGGGTI'GGGGTTGGGGTTGGGGTTGGGGTTG

¥-CCCCAACCCCAACCC CCCCAA
B 5-GGGGTTGGGGTTGGGGTTGGGGTTGGGGTTG

3'-CCCCAACCCCAACCC CCCCAA
F 5-GGGGTTGGGGTTGGGGTTGGGGTTGGGGT TGGGGTTG

Cxema paboTbl TeoMepasbl. 3e/eHbIM LBETOM H306-
paxeHa obparHas Tpanckpuntasa TERT, kpacHbIMM — Tetome-
pasnas PHK TR.



B nHTepdasHom agpe NHANBUAYaNbHbIE XPOMOCOMbI 3aHUMAIOT Henepe
KPbIBAIOLLECA NPOCTPaHCTBA, KOTOPbIE Ha3blBAIOT XPOMOCOMHbIMY Tep-
PUTOPUAMMU.

CyuiecTByloT onpefneneHHble 3dKOHOMEPHOCTU B PaCroNoXeHUm mH-
TepdasHbiX XpOMOCOMm BHYTPW Kneto4Horo sgpa. B Cchepuyeckmx a-
pax boraTble reHamu XPOMOCOMBbI pacrnonaratotcs bamxe k LeHTpyY aapa,
a GefiHble reHaMM XPOMOCOMBbI — Onmxxe K neprdepuitHon yacru aapa.

XPOMOCOMHbIE TePPUTOPUM MOCTPOEHBI 113 BIOKOB B | MIH M. H. 1 UMeloT
«rybyaTbin» xapakTep.

Mexay XpoMOCOMHbIMMU TEPPUTOPMAMUN NMEETCH NPOCTPaHCTBO, KOTopoe
Ha3bIBAIOT MHTEPXPOMTUHOBLIM [OMEHOM. VIHTepXpoMaTnHOBBIN noMeH
COHNEHACTCH C «KaHaNamm», MPOHU3bIBAIOWUMY XPOMOCOMHbIe Teppu-
TOPUN.

Hekotopbie Hanbonee akTueHO TPAHCKPUBMPYIOLLMECa reHbl BbINETINBS -
tOTCA 33 BUANMBIE rPaHULbI XDOMOCOMHbIX TePPUTOPUN.



BeisiBnenne C-reTepoxpomaTHa Ha TelOMEpHBIX
KOHIIaX MHTOTHYECKHX XPOMOCOM PIKH.



