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CHBHUPCKOE OTAEJEHHE POCCUHHCKOH AKAJJEMHH HAYK
HHCTHTYT IIUTOJIOTHH H TEHETHKH

Ilpoxopoeuu Mapus Anexcanopogna

XPOMOCOMHBIE AHOMATIUU 8 IMOPUOHATLHBIX CHLEOI08bIX
kaemkax uenoeexka hESMOI-0:

Hayunbwtit pyxoeooumein
0. 0. n. Pyoyoe Huxkonait bopucosuu

Hoeocubupck — 2008
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Ienv pabomoi:

OUEeHUMb CIMAOUIBHOCHMb KADUOMUNA IMOPUOHATIbHBLX
cmeonogwvix kiaemok (ICK) uenosexka 6 npoyecce
KYy1bMUueUpoeanHus u Onpeoeiums XapaxKmepucmuKit; no
komopvim ICK ¢ 6b1A61eHHBIMU XPOMOCOMHBIMIU
nepecmpouKamu OmMaudarOmcsa om Kjiemokx ucxo0Hsvlx
JIUHUIL.
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3aoauu:

1) npoeecmu yumozenemuwecKuil AHAAU3 IMOPUOHATILHBIX CHBOI06bIX K/1€MOK
(ICK) uenoseka uemvipex aunuit — hESMO01, hESM02, hESMO03 u hESM04 — ¢
npouecce KyJibmueupoeanus;

2) npoeecmu Mwlekyfmpuo-uumozeuemultecmui aHdlu3 cocmaea u opzanuzauuu
6blAB/ICHHbBLX nEePeCmpPOEHHbIX XPOMOCOM,

3) noayuumos u oxapaxkmepuzosams oupgpepenuuposannvie Knemxu uz ICK c
HOpMAanbHbIM Kapuomunom, a makyce u3z ICK, necyujux evitsa61eHHble
AHOMAbHBLE XPOMOCOMBL;

4) npoeecmu cpasnumensnustit ananuz xapaxkmepucmuxk ICK ucxoonvix iunui
hESMO01-04 u 3CK, necyuiux anomainvHvle Xpomocomol;

5) pazpabomame memoo 00HOBPEMEHHOU GU3YANUAUNUU U UOCHMUDUKaUUU
XPOMOCOMHBIX MEPPUMOPULL REPECMPOCHHOU XPOMOCOMBL U €€ HOPMAIbHO20
20M0J102a 8 mpéxXmepHom npocmparncmee unmepgazrnozo aopa ICK, necyuiux
8bIA6/ICHHbBIE AHOMAIbHBLE XPOMOCOMBL;

6)nposecmu oUeHKy AUAHUA XPOMOCOMHBIX NEPECMPOCK HA NOSLOHCEHUE XPOMOCOM 8
unmepgaznvix aopax ICK, necyuiux evias1eHHble AHOMAIbHbLE XPOMOCOMDL.
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Oowuii 6uo Kononuu
hESMO01 Duopoonracmonodoonwvie
= e npPoOU3800HbLIE KI1€MOK
hESMO01

Pezynomamut
UMMYHOOKPAUWIUBAHUA
ouggpepenuuposannvix
KIeMOK € NOMOW{bI0 anmumen|(
npomue CD105 (a), nposnui- P
cuopokcunasvl (0); N e
a0pa okpawenvt DAPI — >
CUHUU Ueem. a




Cyonunus-hESMO01r18. Cyonunus hESMO03der9.
46, XX, r(18) 46, XX, del(4),der(9)

Hmmynookpawueanue kiemoxk hESMOIr18.
Ha cpomozpagpusax «a» u «o»
npeocmaeienvl hpazmenmol Koa10HUU.

a— , A0pa
okpautenvt DAPI — cunuii yeem;

a O 66— 0CT4 - 3enéunwiit cucnann.
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Peop 3auusn xpomocomot 18
6 Kknemkax cyonunuu ESMO0Irl8

FISH menomepnoiui MUKPOOUCCEKUUOHHOU
JITHK npoowl ¢ xpomocomamu JITHK npoowt der(18) ¢ xpomocomamu
knemok cyonunuu ESMO0Irl8 KJ1emoK ¢ WSM 0Iri8
e
der(18) > o -

der(18)
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Peopzanuzayus xpomocomot 18
6 knemkax cyoaunuu ESMO0Ir18

FISH mukpoouccexuuonnou /IHK npoowt der(18) ¢-memagaznvimu
XPOMOCOMAMU TUMPOUUMOEB 83POCI020 UEN08€KA C HOPMANBHLIM KAPUOMUNOM

18(p11.31q21.2)
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FISH mukpoouccexuuonnoui /IHK npoowt der omocomamu
Kaemok cyoaunuu hESMO0Irl8

r(18)(::pl1.31+q21.2::q21.2+pl11.31::)



FISH mukpoouccekyuoHHOU KOMOUHUPOBAHHOUL
JIHK npoowt del(4)

a- ¢ xpomocomamu Kaemok cyonunuu hESM03der9;
0 - ¢ Xxpomocomamu AUMPOUUMO8 300P08020 O0OHOPA
(¢ppacmenm niaacmunku). N

. 5

)

10 del(4)

4 del(4)(q25q31.1)
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Peopzanuzauusa xpomocomot 9
8 knemkax cyoaunuu hESM03der9

Cxema mukpoouccekyuu HopmaavHou xpomocomsl 9 u der(9) ona nonyuenusn
xpomocomocneyugpuunvix npoo WCP9 u WCPder(9),.a maxosice
paiionocneyuguunvix npoo PCPder(9)-p, PCPder(9)-1, PCPder(9)-2 u
uenmpomeprnou npoovt PCPC

PCPder(9)-p

WCPder(9)

i] PCPder(9)-2

:| PCPder(9)-1




Cmang 11 us 17

Peopzanuzauusn xpomocomot 9 ¢ knemxax cyonunuu hESM03der9

FISH xpomocomocneuugpuunou WCPder(9) (kpacuoiit ueem) u
npuuenmpomepnoiu PCPIC (rrcénmotit yeem) MuKpooucceKuuoHHblxX
JTHK npoo ¢ xpomocomamu kaemok cyonunuu hESMO03der9.

J PCPder(9)-p

WCPder(9)
] PCPder(9)-1 &
PCPder(9)-2 ’ » 2
» s 01
. "' - :,/ /’
- .
‘ "
» _-,?
’ L 3

dup(9)(q12q33)



Bu3yanuzauusn u uoenmuurxauus Xpomocomuvix meppumopuii Xxpomocomot 18 u eé oepusama

FISH ¢ xpomocomamu Knemok
cyonunuu hESMO0Irl8
, HPU2OMOBIEHHOU Ha 0aze

KJIOHUPOBAHHO020 (hpazmenma
JAHK u3 paiiona oeneyuu.

i

r(18)

18

Coémecmnan 3D FISH MapKupyrowieil
HOPMAIbHBLIL 20M0102 Xpomocombl 18, u
xpomocomocneyuguunoit npoovr WCPI18,
OKpawiusarouiell XpomocomHnvle meppumopuu
xpomocomel 18 u eé oepueama. Aopa oxkpauienni
DAPI — cunuii ueem.

vvvvv

Onrtudeckue cpe3bl ABYX sSaep (TpU NPOCKIIUM).




Ipéxme EeKOHCMPYKYUSL XPOMOCOMHBIX MeppUmopull
XpoMocom rl8 6 sopax knemox hESMOI1r18

Coemecmnan 3D FISH
MAPKUpyrouwieu HOpmaabHolit 20M0102
xpomocomwl 18, u
Xpomocomocneyupuunou npoosl
WCPI8, oxkpawusarowieii
XPOMOCOMHbBIE MEPPUMOPUU
xpomocomul 18 u eé oepusama. Aopa
okpauienvl DAPI — cunuii yeem.

Cepun onTHYECKUX CPE30B.




Jokanuzauus XxpomocomMHvbiX meppumopuil Xpomocom
18 u r(18) ¢ knemkax cyonunuu hESMO0Irl8

MATb pa3nUyYHbIX BAPUAHTOB PacnonoXeHus
XPOMOCOMHOW TEPPUTOPUMN B AApe

1. XpoMocoMHasi TEpPHTOPHH JIEKHT B NepHpepHIeCKOH
o6nacTH Aapa ¢ TPEX CTOPOH.

2. XpoMOcOMHas TEPPHTOPHH JIeKHT B NepHpepHIeCKOH
001acTH Aapa ¢ ABYX CTOPOH.

3. XpoMocoMHas TePPHTOPHS KacaeTcs AAPBIIIKA H
JIeXKHT B MepHpepHIecKoH 001acTH Aapa.

4. XpoMOCOMHas TEPPHTOPHSA KacaeTcs SAPHIIIKA.

5. XpoMocoMHas TEpPHTOPHS KacaeTcsa ABYX SAPHIIIEK.

3enéHbiM uBeToM 0603Ha4YeHbI XPOMOCOMHbIE TEPPUTOPUN
KpacHbim uBeToM 0603Ha4YeHbl SAPbLILLKK

nokanusauusa | 2 3 4 5
XPOMOCOMHaa TEPPUTOPU

xpomocoma 18 (HopmMaabHbIA TOMOJIOT) 10 19 56 2 3

16 35 34 5 0

xpoMocoMma r(18) (koablieBoil AepuBar)




3D pexkoncmpykuua xpomocomot 9 u eé oepusama
6 npocmpancmee unmeppaznozo aopa kaemku cyoaunuu hESM03der9

3D FISH xpomocomocneuughuunoit WCPder(9) (3enénwtit ueem) u
npuyenmpomeproi PCPIC (kpacnutit ueem) /THK npoo c aopamu ESMO03der9.
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Buvieoowi

1) ITomydensl aBe cyonmauu DCK, OTArOMEHHBIE XPOMOCOMHBIMHU
IIepeCTPOMKaMHU, B TO YK€ BpeMsI IMOKa3aHO, YTO IIPU IIPOBEACHUN PETYISIPHOTO
MOHHUTOPHHIA COCTOSIHUS KapHUOTUIIA BO3MOXKHO MIPOBEACHHUE IJIUTEILHOTO
KylIbTHBHpOBaHMS Ki1eToKk hESMO01-04, He compoBOXIar0IIeeCs, TOTaIbHOM
necTaduiIn3anuel KapuoTHIia.

2)  JletaibHO OXapaKTEpHU30BaHbI BHISIBICHHBIE AaHOMAJIbHBIE XPOMOCOMBI,
SABIIABIIIMECA IPOU3BOAHBIMU XpOMOCOM 4, 9 1 18, ¢ ToMONIbI0 TTOIYYEHHOTO
KOMILJIEKTa MUKPOJIUCCEKIIMOHHBIX TTPOO.

3) Iloka3zaHo, 4TO, HECMOTPSI Ha COXPAaHEHUE «MAPKEPOB TIIOPUIIOTEHTHOCTH,
criocooHocTH K auddepenimpopke ICK, OTAronEHHBIX BBISIBICHHBIMU

XPOMOCOMHBIMH aHOMAJIUSIMH, CHHKEHBI TI0 CPABHEHHUIO C KJIETKaMU MCXOAHBIX
auaud hESMO01-04.
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Buvieoowvi

4) Pa3zpabotaH METO OTHOBPEMEHHOW BU3yalHU3aiud U UICHTU(UKALTUN
XPOMOCOMHBIX TEPPUTOPHUM XPOMOCOMBI 18 1 €€ JepuBara B KJIETKax
hESMO1r18, xpomocomsl 9 u e€ nepuBara B kieTkax hESMO03der9.

5) Ha npumMepe XpoMOCOMHBIX TEPPUTOPUIA XpOMOCOM 118 1 €€ HOPMaIbHOTO
TOMOJIOTA MOKA3aHO, YTO XPOMOCOMHAS MEPECTPONKA CONMPOBOKAATACH
U3MEHECHUEM JIOKAJIM3AIUY IEPECTPOECHHON XPOMOCOMBI 110 CPABHEHHUIO C
JOKaIU3aluend €€ HOpMaJIbHOTO TOMOJIOTa OTHOCUTEIILHO MEPUPEPUECCKON
obsiactu siapa u sapeiek. Ha npumepe anHoMannu XpoMoCcoMbl 9 B KIIETKax
hESMO03der9 n ux nuddepeHinmpoBaHHBIX TPOXU3BOIHBIX NOKA3aHO, YTO
NYTUIAIAPOBAHHBIN PAiOH, COAEPKAIIUN MOCIEI0BATEIIbHOCTH, TOMOJIOTUYHBIE
MPUILIEHTPOMEPHBIM MOBTOPAM, JIOKAJIIM3YETCS MPEAITOYTUTEIIHHO B
nepudepruyeckor 00JacTu A/apa, TAK)KE KaK U IPULICHTPOMEPHbIE paliOHbI
XpoMocoM 9 u €€ nepuBara.



Cnacuoo 3a enumanue!



3D pekoncmpyruua xpomocomot 9
u eé oepusama 6 NPoCHIparncmee
unmepgaznozo aA0pa Kjiemok
cyonunuu hESM03der9

3D FISH
XPOMOCOMOCHEUUPUUHOTL
WCPder(9) (3enénuiii ueem) u
uenmpomepnoii PCP9C
(kpacuwtit yueem) /THK npoo c
aopanu hESM03der9.




oc { B B >N
dup9 /e
der©@) 9

Jlokanuzayus mpex pamuoHo8 XpoMoCOMHBIX MePPUmMOopuul
xpomocom 9 u der(9) ¢ knemrkax hESM03der9 u ux
oupghepenuyuposannvix npou38o0HbIX

Obo3uauenue paionos xpomocomst 9 u eé oepusama.
9N - npuyenmpomepmvii parior Xxpomocomul 9,

9C — npuyenmpomepHulli pation xpomocomul der(9),
dup9 — dononnumenvHulll cueHan Ha xpomocome der(9).
Xpomocomul OKpauieHvl KpacHbiM, CUSHANbL HCETMbIM.

OmuH 13 BapuaHTOB Jiokanu3aruu paiioHoB dup9, 9C u 9N B sapax kinetoxk hESMO03der9 u B
saapax nuddepeHInpOBaHHbBIX KIETOK, MOTy4eHHbIX Ha ocHoBe hESMO03der9.

JIOKaJIM3alus parhoHa

Kacaercs siapsiiiika U He JIEKUT B iepudeprudeCKon
o0JacTu sizipa

paiioH dup9 9C ON

B sjpax kietok hESM03der9 18 u3 97 17 u3 97 13 u3 97
B sfpax nuddepeHunpoBaHHbIX | 2 u3 87 0 u3 87 0 u3 87
KJIETOK, MIOJTYyYEHHBIX Ha OCHOBE

hESMO03der9




9c { 18 B >oN

dup9 <%
der©@) 9

BapuaHThl TOKaIM3ally 9acTH XPOMOCOMHON TEPPUTOPHH
OTHOCHTEILHO TPAHUIIBI Sapa U SAPHIIIKA.

(C 1) — oHOM. CTOPOHOM JICKUT B IepudepuuecKor 001acTu
anpa;

(C 2) — 1ByMsI CTOpOHAMHU JISKHUT B riepudepudecKkoit 00aacTu
Aapa,

(C nu) — kacaeTcs SAPBIIIKA,

(C 1 + nu) — oHOM CTOPOHOM KaCACTCA SIAPBIIIKA, APYTrast JICKUT
B nepudepuuecKkor 00nacTy sapa;

0 - He KacaeTcs SAPHIIIKA U HE JICKUT B NICpUPEPUEECKOIM
o0JacTu sapa.

3enéHpIM 0003HAUYCHBI BAPUAHTHI JIOKAJTU3AIINH JaCTH
XPOMOCOMHOM TEPPUTOPHUH, KPACHBIM — SIIPBIIIIKY.




IKcnpeccus cn UYECKUX MAPKEPOB, BbIABIEHHAA C
NOMOWBbIO MOHOKIOHAIbHBIX AHMUME

Kynberypa xknerok. JInaus hESMO1

Oct-4 AP

Cpe3sbl smopuonansix Teae. Jinans hESMO03

T Moc-31 Aecmun
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CpaeHnenue ceoncme Kiemok Cyounui

hESMO0TI-u hESMO01r18

dopmMmpoBaHme aMOpMONOHbIX Tenel,
(3T)

NNHUA npUMeYaHus KapuoTun
hESMO1 obpasytoT 0OblvHble 3T, cocTosLme 3 46,XX
TKaHEeNo4OOHbIX CTPYKTYP pasHbIX
TMNOB
hESMO01r18 obpasytoT 3T 3HaUMTENbHO nerko nepeHocsTt nepeceB | 46,XX,r(18)

MeaneHHee. bonbLWNMHCTBO
NpoaHanu3npoBaHHbIX 3T COCTOAT U3
OAHOCINONHOro anuTenus

Menknmm (meHbLue 50
KJ1eTOK) Krnactepamu.

Jlerko nepeHocAar
3aMOpPO3KY.




Cpaenenue ceoiicme Kjiemok CyoauHuu

hESMO0I u hESMO1x18, hESM03 u hESM03der9

Bpems
3 VABOCHMS

N Y

N
[ |

d
=)

== hESMO03 == hESMO1
= hESM03der9 = hESMOIrl8
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Cyonunus hESMO0Ir18. Cyonunus hESM03der9.
46, XX, r(18) 46, XX, del(4),der(9)
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