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XpomMmocoMHasa Teopun
HacneacTBeHHOCTW



B Hayane XX cTonetusa nccrnegosatenu
caenanu BbiBo4, YTO 3aKOHblI MeHAaens He
Bceraa BbINONMHAKTCH

 [log Bonpocom ocTtaBanach npupoaa
«HacneancTBeHHbIX hakTopoB» MeHpoens

* /lccnenoBaTtenu uckanu opraHennol, B
KOTOPbIX XPaHATCA «HacneacTBeHHbIe
dakTopbI»



« XpOMOCOMbI BUOENN pasfnnyHble UccrnenoBaTenu,
paboTaBLUME B pa3HbIX CTpaHax, B pa3HOe BPEMS U
C pa3HbiMU ObbeKTaMM

NMepuoa c 1874 no 1879 rr.
N.0. Yuctakos (Poccus)
9. Wrpaccbyprep (E. Strassburger, lepmanus)
Q. BaH beHepeH (E. Van Beneden, benbrus)
B. ®nemmuHr (W. Flemming, l'epmanuns)
N gpyrue y pasfmnyHbiX BUOAOB PACTEHUN U KUBOTHbLIX ONUCbLIBANU
onpeAesrieHHble HATEBUAHbIE CTPYKTYpPbl, 0bpasyroLlimneca Ha MecTe sapa
Npu geneHnn, nx pacxoxaeHue n bopmmpoBaHme HOBbIX 94ep Y
OOYEePHUX KNETOK

e 1873 ®. LLlHanpep (F. Schneider) Habntogan npu
OeneHnn aapa CriokHy nocrieaoBaTenbHOCTb
HEOObIYHbIX SBMEHNN, Ha3BaHHbIX «HEMPSIMOE
OenexHne aapa»



1882 p. Banbtep ®nemmuHr (Flemming) nagan
KHUry Zellsubstanz, Kern und Zelltheilung
(KnemoyHoe gewiecmeo, 10po u OerieHUe Kriemku),
B KOTOPOM onucarn HenpsiMoe aerneHne sapa u
NpUBEN MHOMo AeTaribHbIX PUCYHKOB. BBen TepMuHbI
XPOMATWUH v MUTO3

Figure 1. On the left side a cell from the human cornea is depict-
ed n the process of ndirect nuclear division. Two neighbouring
cells on the right side are shown during the resting stage (inter-

phase) (Flemming, 1882).




1882 r. Banbtep
dnemMuHr

Habntogan, 4to
MHOrve u3
MUTOTUYECKUX
XPOMOCOM SIBHO
COCTOSAT U3 OBYX
NOSTOBMHOK, HO HE
npuaan aTomy
3Ha4YeHus

1884 r. Emil Heuser

3aMeTun To4Hoe
pacxoXxgeHue OByx
XpomaTung Kaxgom
XPOMOCOMBI K pa3HbIM
nosntcam BepeTeHa
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Figure 2. A. Walther Flemming's scheme of mitosis (Flemming.
1882) (for details see text). B. Emil Houser's soheme of mito-
gis (Heuser, 1884). Heuser recognized for the first time that the
separation of two chromatids (called Spalthalften by Heusesr) of
each mitotic chromosome (Strahl in Heuser's terminology) and
their movements to opposite poles are a decisive feature of
mitosis.
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 TepMUH «XpomMmocoma»
npegnoxun B 1888 r. HemeuUKnK
Mopdoonor Bunbrenbm
Banbpoeuep
ans obo3HavyeHud
BHYTPUSAOEPHbIX CTPYKTYP
9YKapUOTUYECKOWU KNETKMN,
OKpalLMBaEMbIX OCHOBHbIMU |
KpacuTtensamm (OT rped. xpoma
— LIBET, Kpacka, 1 coma —
TEno)




Ponb xpomocoM B nepeaaye
HacrieACTBeHHOU UHopmaLuum obina
AoKa3aHa brnaropaps:

1. OnpeneneHuto rpynn cuenneHns Npu3HaKkos,
KOTOpPblE COOTBETCTBOBASIN YNCITY XPOMOCOM

2. [locTpoeHuto reHeTu4ecknx, a NOToM U
LIMTONTOrMYECKNX KapT XPOMOCOM

3. OTKpbITUIO TEHETUYECKOrO OnpeaenerHns nomna



CootBeTcTBME 3aKkOHOB MeHaens
noBeAeHUI0 XPOMOCOM

e [. MeHgenb cunTan, 4To NpU3HaKM nepenaroTcs
N3 MOKOJIEHUS B NMOKOSIEHNE KaK OTAErNbHbIE
«PaKTopbI», PpacrnonoXeHHbIe B MOMNOBbLIX
KIneTKax

* [. MeHOenb He 3Han MecTa pacnoSfIoXKeHUs 3TUX
d0aKTOPOB B KIeTKax, TaK Kak B TO BpeMs4

e He ObISI0 U3BECTHO O cyiecrBoBaHnn XxpoMoCOM

* HEM3BECTHOM Oblifia porb s4pa B npoLecce
Pa3MHOXEHMUS

e He ObIN OTKPbITbI NPOLIECCbl MUTO3a N Melno3a
10



« K Hayany XX CT. yrnybneHHoe usy4yeHue
noBegeHUsA XpoMOCOM

* B XO[€ OENEHNS KNETKHU,

* IPU CO3PEBAHMN MOMOBBLIX KITETOK,
* NPV OMNOAOTBOPEHUN U

* PAHHEM pPa3BUTUM 3apobillia

BbIABUJ10 CTPOIro 3aKOHOMEepHbIe USMEeHEeHUA
X opraHn3auumu
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e OTO NpUBENO
HEeEMEeLKOro uurtosnora u
ambpunonora Teopgopa EOBepVI
(1902—1907) n
aMepUKaHCKOro umrorsiora
Yontepa CaTTOHA
(1902—1903)

K YCTAHOBJIEHUIO

CBAA3U HacnencTBeHHOro
MaTepuaria c XpoMmocomMamu,
YTO NErsio B OCHOBY
XPOMOCOMHOU Teopumn
HacneacTBeHHOCTU
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BoBepu 1 C3TTOH OTMETUIN B3UMOCBSI3b MEXAY
MeHAesIeBCKUM HacnegoBaHMeM NMPU3HaAKOB

n
noBegeHMeM XpOMOCOM NMpu ob6pa3oBaHUU
raMeT 1 onnogoTBOPEHUM

13



e B yacTHOCTWU, OHU OTMETUNMN:

* XPOMOCOMBbI CYLLECTBYIOT KaK rOMOMNOrM4YHbIE napbl
(MeHOernb cyumar, 4Ymo HacrieocmeeHHbIe haKmophbl
cywecmeyrom 8 rapax)

* TOMOJIOMMYHbIE XPOMOCOMbI pacnpeaensitoTcs npu
Meno3e Takum obpasoMm, YTO raMeThbl Nony4arT
TONMbKO OAHY XpOMOCOoMY U3 napbl (MeHOerns cuumarn,
4mo npu obpalzosaHuU 2aMem 8 Kaxoyro 2amemy
rornadaem moJibKO OOUH ¢haKkmop U3 riapbl)
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* XPOMOCOMbI Pas3fnnYHbIX FOMOSIOrMYHbIX rnap
rpynnupyroTca criy4amHbiM ob6pasom npm Menose u
pacnpenensaiTcd no rametam He3aBMCcUMO OT Nobou
apyron napbl (MeHOernb cyumar, 4mo ghakmopabl
Kaxxoou napbl A68M1510mcs HezasucuMbiMu om /1obou
dpyaou rnapabl rpu ux pacrpeoerieHuu rno camemam)
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- TOMOJIOrMYHbIE XPOMOCOMbI OT ABOUX POAUTENEN
BCTPeYarTCsd BMeCTE B 3Urote B pesynbraTte CIrMaHnUs
MY>KCKOU U XXEHCKOW raMeT, Npu 3ToM
BOCCTaHaBnMBaeTcs AMNnongHoe Yncro y NoTOMKOB
(MeHOernb cyumar, 4Ymo MyXKcKue U MamepuHCcKue
gpakmopbl cMelusaromcs 80 8peMs

0r/1000MeopPeHUs)
Egg Zygote OO
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* XPOMOCOMbI COXPaHSIOT CBOK CTPYKTYPY,
NHOMBUOYaNbHOCTbL N FEHETUYECKUIA COCTaB B
TeYEeHUE XU3HEHHOIO UUKIa nHgmeuayyma
(MeHOernb cyumar, 4Ymo rnpu3HaKku He
uc4yesarom, 0axke ecriu OHU He MPOA8saomcs)

e YCTAHOBIIEHUE COOTBETCTBUA NOBeaeHUdA
Xpomocom u dpaktopoB MeHaens obino
npennochbinikon opMynMpoBaHnNS
XPOMOCOMHOM TEOPUUN HACNeACTBEHHOCTMU
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 CTtano oyeBnaHbIM, YTO OCHOBOM
MeHAaeneBCKMX 3aKOHOB HacneaoBaHUs
ABJISIETCSH Hariuume reHoB B XpOMOCOMaX U UX
noBeaeHue nNpu Menose n onyiogoTBOPEHUN
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 B1902 r. BoBepu 1 CaTTOH cdhopmynupoBanu
OCHOBHbIE MOMNOXEHUA XPOMOCOMHOU meopuu
HacsiedcmeeHHOCmMuU — y4YeHUs O JfioKau3ayuu
HacrieodcmeeHHbIX haKkmopo8 8 XpoOMocoMaXx:

* [eHbl PACMNOSIOXKEHbI B XpOMOCOMaXx
* B KaXXOOW roMONOrM4HOM XpoMoCcoMe HaxogmTcs rno
O4HOMY annenbHOMY reHy

* TOMOJ10Ir'nM4Hble XpoMmOoCOMbIlI N BMECTE C HUMIU
aJuiellibHble NeHbl O6'be,El,I/IHF|I-OTCFI B 3UTOTE BO BpEMHA

OnNf040TBOPEHUS
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 [leTanbHas pa3paboTka aTon Teopun bbina
ocyLlecTBneHa B Hayane XX CT. LLIKOmnow

aMepUKaHCKNX reHETUKOB, KOTOPYIO BO3rnaBnisn
Tomac MopraH
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* B nepBble gecATUNETUA XX CT. B FTEHETUKE
OCHOBHble ycunua obifin HanpasneHbl Ha
YCTaHOBJIEHNE CTaTUCTUYECKUX
3aKOHOMEPHOCTEN HacneaoBaHus B yLiepob
Ouonorn4yeckom cocTaBnsalOLWEN - UCKaANK
cpeaHue nokKasaTtenu KOfmM4eCTBEeHHbIX
NMPU3HAKOB U OTKJTOHEHUN OT HUX

e [lo3ke BbIACHUN, YTO KONIM4EeCTBEHHbIE
NPU3HAKKU onpeaensoTca 60NbLLIUM YUCIIOM
reHOB M X aHann3 MeToAaMU KITaCcCUYECKOW
reHEeTUKN KpamHe orpaHun4eH
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e Ho B 1908 r. aTO ewie He ObINO
usBectHo, 1 Kapn NupcoH,
OCHOBaTEeSlb BUOMETPUYECKOWN LLKOSbI
B AHIMWK, 3a8BUI1, YTO HET
OKOHYaTerbHbIX JOKa3aTeNnbLCTB
BO3MOYXHOCTU MPUMEHSTb 3aKOHbI
MeHgensa K kakon-nmbo m3
CYLLECTBYHOLLUX dOOPM XKN3HU

 [losgBMNUCb HECOOTBETCTBUA U B
apyrux obactax

« B 1906 r. BaTCOH 1 ero coTpyoHuK
[leHHeT ycTaHoOBUNU, YTO
pacnpeneneHue napHbIX NPU3HaKoB
He corfiacyroTcs ¢ 3-UM 3aKOHOM
MeHnoena — HabnopaeTcsa
«B3auMHOe NMPUTSHKeHUe reHoB»

Kapn NMupcoH
(1857-1936)
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Monopasa HayKa reHeTUKa nonana B
KPU3UCHYIO cuTyauumio!

e Ca31TOH B 1903 1, NbiITasdACb OOBLACHUTDL
npoTnBopeYne, gOonycTun, YTo
Ka)koas xpomMocoma cooepxxum bonbwe, 4yem 1
2€H, U 8Cce 2eHbl, pacriofioxXeHHble 8 00OHoU
XpPOMOCOMe, Hacsiedyromcs emecme

 Ho OH He cMmor noaTBeEPAUTL 3TO
aKcnepumMmeHTanbHo!
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* Bce aTn npotupeumns nernu
B OCHOBY HOBOIO OTKPbITUA,
cenaHHoro npogeccopom
aKcnepuMeHTanbHOU
3oonorum Konymonmckoro
yHuBepcuteTa B Hblo-UNopke
— Tomacom XaHTOM
MopraHom

* OH cymen oobegnHNTL
OaHHble CTaTUCTUKN U
pe3ynbraTbl UCCreaoBaHUS
NPOLECCOB, NPOUCXOASALLNX
B KNeTKax

Tomac XaHT MopraH
(1866-1945)
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 MopraH Ha4an reHeTu4eckue
akcnepumeHTbl B 1909 r.

« ObbeKkTOM uUccnegoBaHum bbina
n3dbpaHa nnogosasi MyLLKa -
Drosophila melanogaster

* OYeHb NyiogoBuTa (25 NOKONEHNN
B roa )

e OT SnLa Oo B3pocnoun ocodu - 10
OHEen

e Mario Xxpomocom (4 napsbl)

* UMEET MHOIo NPU3HaKoB (LIBET
rnas, popma KpbIfibeB, OKpackKka
Tena)
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 MopraH BbISIBUI TO XXe caMoe «B3auMHOe
NMPUTAXEeHUue reHoB», KOTOpoe Habmnwoganu B
1906 r. batcoH u eHHeT

* bbINO ycTaHOBNEHO, YTO HAacneOCcTBEHHbIE
NPU3HaKu Opo30dunbl MOXHO pa3gennTb Ha TpU
CBA3aHHble Mexay coboun rpynnbl, KOTopble
HacreayTCca Kak eguHoe Leroe

 MopraH Ha3Barn 3ToT PeHOMEH cuernsieHuem
2eHos
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N

« Kak umMtonor oH 3Han o CyLLEecTBOBaHUM B
KneTkax apo3odusbl Tpex 6onbLunx
XPOMOCOM

e CyLuecTBYET 1 YeTBepTan, HebonbLas
XpomMocoma

B 1914 r. FepmaH [>xo3ec Mennep,
paboTtaBLwinn y MopraHa, OTKpbli1 YETBEPTYIO
rpynny reHoB (04eHb MarnoYUCIIEHHYIO)
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* Taknm obpasom MopraH ycTaHOBMUI1, YTO FeHbl
AEUCTBUTENIbHO HAXOOATCH B XPOMOCOMaX.
OTO OTKPbITUE OOBACHUIMO NPOTUBOPEYME,
BbisBrieHHoe baTtcoHoM U [leHHeToOM

Bckope, oqHaKo, BO3HUKNN HOBbIe
npoo6nembi!

e [eHbl, NpMHaAnexaliue K ogHOM rpynne, B
cneayrowmx NoKONeHnsIX HeOXNAaHHo
OKasblBaliUCb B pPa3fM4HbIX rpynnax
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 MopraH caenan npegnosfioXXeHue, YTo
NpPoncxoanT ooOMeH reHeTU4YeCKUM
MaTtepuariom Mexay pasfimyHbIMuU
XpoMocomamu. EMy gaxe yganocb HabntogaTb
9TOT NMPOLECC MO MUKPOCKOMOM: [B€E
XPOMOCOMbI COnmMXanucb N NnepekpeLLnBanuce,
obMeHunBasicb dparmeHTamm. STOT NPOLECC
nony4unn HasBaHWe KpoccuHrosepa
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KpoccuHroBep

e Ecnu cuenneHve ABNSeTCH HenonHbIM, TO B
npodpase menosa | B ctTagum naxmTeHbl MOXET
npoucxoanTb OOMeH MAEHTUYHBIMU YHacTKaMU
FOMOJTOTMYHBIX XPOMOCOM — KpPOCCUH208€ep
(nepekpecm)

« JTO ABNeHMe nsydanocob T. MopraHom Ha
apo3odounax

e KpoccuHao8ep — amo obMeH 20MOJ1I02UYHbIMU
yyacmkamMmu 20MOJ102UYHbIX XPOMOCOM,
KOmMopbIU MoXem corpoeoxoambecsd 0bMeHOM
arseribHbIX 2eHO8
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« KpoccuHroBep MOXeT NponcxoauTb B OAHOM UMK
B HECKOJTbKMX Yy4aCTKax XPOMOCOM

e KpoccuHroBep — reHeTU4YECKHU
00ycrnoBneHHbIN npouecc. Y bonbLnHCTBA
OPraHM3MOB KPOCCUHIOBEP XapaKTepeH Kak ans
CaMOK, TaK 1 And camMuoB, HO Y HEKOTOPbIX
(Hanpumep, Apo30dunbl) OH NPONUCXOAUT TOSbKO
Yy rOMOraMmeTHOro rnosa (camok)

31



NMpodraza l

JlenToTeHa (TOHKME HUTH)
[omMmonornyHble XpPOMOCOMbI HE ClNapeHbl,
COCTOAT U3 ABYX TECHO npusierarowmnx
ﬁ CBA3aHHbIX CECTPUHCKUNX XpOoMaTung

1 e R 3uroTteHa
{ — —— —— —— MaTtepuHckme n oTLOBCKME rOMOSoru
17 06beaNHATCS
@ B Napbl (CcMHancuc) n obpasyroT
OuBaneHTbI

‘ :: 2 — %; = 53 : NMaxuteHa (TonCTbIe HI/ITVI)
XpOMOCOMbI YTONLWAKTCS, BUAHDI
@ XxpomMatuabl (TeTpaabl),

HauYMHaeTCcs KPOCCUHroBep

N\ 7 OunnoteHa

‘ /\ FOMoror1 pasfensitoTcs, Ho
yOEPXKNBAKTCA BMECTE B obnacTu
Xuasm (KpoccuHroBep)

OvnakuHes
@ e XpOMOCOMbI PEKOHAEHCUPYHOTCS,
Z 2 N XMa3mbl CKONb3AT MO ANVHE
& S >

BG1BaneHToB.
Pa3pyweHue aaepHon 060n04KN,
dopmMmupoBaHMe BepeTeHa AeneHus



Knetocheores co-onented

Metaphase |

MEI-S332/5go1

Anaphase | Metaphase Il Anaphase ||

PasneneHne Xxpomocom B Meio3se
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Tunbl KpoCcCUHroBsepa

* Pasnunyalotr KpoccUHroBep:
°* MENOTUYECKUMN
°* MUTOTUYECKUU (COMaATUYECKUMN)

e ComMmaTn4yecKkmnn KpPOCCUHIroBep BNeEpPBbLIE Dbl
BbisiBIiEH Y Apo3odurnbl Kyptom CtepHomMm.
[TponcxoauT co 3HAYUTENBHO MEHbLLLUEN
4acToToun, YeM Npu meuno3se. [ eHeTn4yeckoro
3Ha4yeHusa He nmeert. IHaneuayymel C
MUTOTUYECKUM KPOCCUHIOBEPOM - MO3anKU

34



* B 3aBUCMMOCTK OT KONM4yecTBa NOosABUBLLINXCH
XnNa3mMm.

* OOUHOYHbIU KpOCCUH208ep — 0bpasyeTcsl TOSbKO
ofdHa xuasma, YToO NpUBOANT K OOMEHY TONLKO OQHUM
ydyacTtkomM OHK romonornyHbeix xpomocom. 3mo
Hauboree pacripocmpaHeHHbIU mMurl KpoccuHao08epa

e JBOUHOU KpOCcCcUuH208ep - 00pa3yoTcHa ABE XMa3Mbl.
OTOT TUMN KPOCCUHIroBepa nNpuBoanT K OOMeHY OBYyMS
ydactkamum [HK romonormyHbIx XxpomMocom

* MHO)XX€CMEEHHbIU KpOoccuH208ep - obpasyeTcs
bornee, Yem ABe xmasmbl MeXOY HECECTPUHCKUMM
XpomMatugamMmm roMosiormyHbIX Xpomocom. [larnee oHu
MOrYT ObITb KnaccudmnunpoBaHbl Kak mpouHbie (3
Xnasmbl), yemeepmHsbie (4 xmasmbl) 1 T.4.
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eHbl

30 000 reHOB
46 XxpoMoCOM

HecuenneHHble CuenrneHHble
(B pa3HbIx XxpoMocomax) (B ogHON Xpomocome)
[MonHoe (abcontoTHOoE) HenornHoe
A a cuenneHue cuenneHue
Boob A a
A a
B b
B b
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HacnenooBaHue HecuensieHHbIX
reHOB

P: AaBb X aabb A2 MpYIoL e

CKpelinBaHue

NN T

25% 25% 25% 25% 100%

F.: AaBb, Aabb, aaBb, aabb

25% 25% 25% 25%
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HacnegoBaHWe npu NofHOM
(abcontTHOM) cuUensieHnn reHoB

P: AaBb

g
gl

50% 50%

a

b

F1: AaBb, aabb

50% 50%

X aabb AHanusupymouiee
cCKpewimBaHue

100%
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HacnegoBaHne npu HENOJTHOM
cuenfieHnn reHoB

P: AaBb X aabb (' MRV e

CKpeluMBaHue

100%
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F1: AaBb, Aabb, aaBb, aabb
40% 10% 10% 40%
HEKP. KpPOCC. KpPOCC. HeKp.

HekpoccoBepHble >>> KpoccoBepHble
rameTsbil rameTbl
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OnpepeneHne 4yacToThl
KpOCCUHroBepa

e YcmaHo8Js1eHO, YMOo 8eposiImMHOCMb KPOCCUH208€epa
Mexady oripedesieHHbIMU CUernsieHHbIMU 2eHaMu
3asucum om paccmosiHUsI MeX0y HUMU 8
XpPOMOcCOMe

e [. MopraH yctaHoBUM, YTO YeM Aarnblue PacnosioXeHbl
reHbl B XpOMOCOoMe, TeM Dboriee BEPOSATHbIM SBMSIETCS
KPpOCCUHIroBep

« [1na 6nmn3ko pacnonoXXeHHbIX reHOB KPOCCUHIOBEP
MEeHee BEpPOATEH

e Hacmoma kpoccuHza08epa ebipakaemcsi 8
rnpoueHmax KpoccoeepHbIX (PeKoMbUHaHMHbIX)
2eHomunoe, NoJly4eHHbIX rnocsie aHaJau3upyrou,e2o

CKpewjueaHusi
41



e YacTtoTa KpoccuHroBepa (pacctosiHue mexay reHamm):

HUCJI0O KPOCCOBEPHBbIX
opeaHU3MOo8

*100%

obujee yucs1io NomomMKos
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e OTa YacToTa CTPOro nponopLnoHanbHa
PACCTOSIHUIO MeXAY CLEeneHHbIMU reHaMun n
N3MEpPSIETCH B MOp2aHudax

1 MOp2aHUOda coomeemcmeayem
1% peKoMbUHaHMHbIX 2aMem usnu
2eHomuros, noJsly4YeHHbIX npu
aHasu3upyroujeM ckpewueaHuu
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F.: AaBb, Aabb, aaBb, aabb
80 20 20 80
HEKpP. KpOCC. KpOCC. HeKp.

PacctodaHne mexay reHamm =
20+20
*100% = 20% = 20 mopraHug

80+20+20+80
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dakTopbl, BNUAOLLME Ha YacToTy
KPOCCUHIroBepa

TemMmnepaTtypa — BbicOKasi 1 HU3Kasa Temneparypa
NMOBbILLIAET YacToTy

PeHTreHOBCKUE Nny4u — MNoBbILLAKOT
Bo3pacT — cHuxKaeTr
MyTareHbl — NMoBbLILLIAKT UMK CHMXKALOT

Mon — y camuyoB Apo30duribl KPOCCUHIOBEDP He
NPOUCXOAUT, Yy CaMLIOB MJIEKOMUTAIOLLIMX MHTEHCUBHOCTb
KPOCCUHIroBepa He3Ha4unTernbHa

PaccTtosHue mexay reHamu

NMuweBble adpdekTbl — Ca n Mg mMoryT nosbillaTb UNu
CHUXKaTb

LleHTpomepHble 3dhdeKkTbl — reHbl B 0bnactu

LEHTPOMEPbI MEHEE CNOCODBOHbI K KPOCCUHIOBEPY -



3Ha4YeHue KpoccuHroBepa

KpoccuHroBep — LUMPOKO pacnpocTpaHeHHoe siBMeHne

npOl/ICXO,EI,VIT NPakTnU4eCkKn y BCeEX OpraHM3mMoB, KOTOpPbIE
PAa3MHOXalTCA MNOJ1IOBbIM MyTEM

OTOT Nnpouecc ABMNAETCA MOMNEKYNSpHON OCHOBOM
KoMb6UuHamueHoU usMeH4Yusocmu

B pesynbrate pekombuHalum reHoB Mo2ym rnosiesisimbCsi
Hoeble rnoJsie3Hbie MPU3HaKuU u ux coyemaHusi. [loaTomy
KPOCCUHIOBEpP UMeET OosbLLOe 3Ha4YeHne Ons BbPKUBaAHUSA U
Pa3MHOXEHUS

OTOT NPOLECC TaKXKe ysesiudueaem 2eHemu4eckKoe
pa3Hoobpa3zue NOMOMKO8, YTO OYEHb BaXKHO ANS
npucnocobrieHnsa n 3BonLUn

OnpedesieHUe Yacmomasl KpoCcCcuUH208epa Jiexxum e
OCHOB€e KapmupoeaHUsi 2eHO8 XPOMOCOM, TO eCTb
onpeneneHns Mecta pacrnonoXeHns pasHbIX reHoB B
XpOMOCOME



XpomMocoMHasa Teopus cuenneHus
MopraHa un Kactna

* [ eHbl, NposaBnaoLLIMe cLenneHne, pacnofioKeHb
B OQJHOMN N TOW XXe XPOMOCOME

* [eHbl pacnonoXeHbl B MTIMHENHOW
nocregoBaTeflbHOCTN B XPOMOCOME, TO eCTb
cuenneHune reHoB — JTIMHENHOoE

« PaccTosiHne mexay cuenneHHbIMN reHamu
oOpaTHO NPONoOpPLMOHanNbHO cuUne cLenfeHus

« CuenneHHbIe reHbl OCTaloTCHa B CBOEW
KoMbuHaLuM BO BpeMs HacrnegoBaHus

47



* [eHbl, NTokann3oBaHHble B OOHOM XPOMOCOME,
nepegarTcsa BMecTe (CLUEernneHHo) N COCTaBnAoT
oOHYy rpynny cuensieHus

e KonuyecTBO rpynn cuenfeHnsi paBHO
rannouaHoMy Yucrly XpomMOCOM

* Tak, y Myxu aposodusnsl 8 Xpomocom — 4
rpynnbl cuenfeHunsd, y Kaxxgoro Yyernoseka 46
XpoMOCOM — 23 rpynnbl cuenneHnsa (Ho
TeopeTndeckn 24 rpynnbl cuenfeHns)
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« Pabotbl T. MopraHa 1 ero coTpygHuKoB
noaTeepannu
* 3Ha4eHNEe XpoOMOCOM KaK OCHOBHbIX HOCUTESNEN rEHOB
* YCTaHOBWUIJIN JIMHENHOCTb pacnorioxeHnd nx no AaJfinHe
XpOMOCOMBbI
B 1933 r. HobeneBckasa npemus no
domnamnonorun n meguumnHe bbina nNpucyxaeHa
MopraHy «3a OTKpPbITUA, CBA3aHHbIe C POSibIO

XpOMOCOM B HaclneaACTBeHHOCTU»
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[eHeTUYecKue n UMTonornyecKkue
KapTbl XPOMOCOM.

MeToabl uccnegoBaHusi reHoMa
yernoBeKa



MopraH npeacrtaBnsan cede reHbl yrnopsaaoveHHbIMM Mo
OIMHe XpOMOCOM, KaK BYCUHKU B OXeperbe

—O—O—C0—0

3KCI'IepI/IMeHTaJ'IbeIe AadHHbIEe NMPUBEJIN €ro K ngee
COo3aHNAd reHeTN4eCKuXx KaptT XpoMoCcom

OueBnAOHO, YTO Yem Oasiblie Haxo0smcs 0ea 2eHa opye
om opyaa, mem bosribwe 8epoSIMHOCMb pa3pbiéa HUMU,
ces3blearoulel Ux, U rosfy4eHuss Hoebix codemaHuu
2EeHO08

CTano BO3MOXHbIM orpedesiumbs OMHOCUMEIbHOe
paccmosiHue Mexoy 2eHaMu 8 XPOMOCOME ymem
fPOCMOo20o pacyema rnpoueHma KpoccuHaoseepa

51



e KapmbI XpOMOCOM — 3Mmo 2paghudecKoe
npedcmassieHUe omHoCcUMesibHo20
pacriofioXXeHuUs U paccmosiHusa Mexxoy 2eHamu 8
gpyrnrne cuyernneHus (xpomocome)
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[ eHeTn4eckne n Pusnvyeckme KapTbl
XPOMOCOM

e [eHeTn4Yeckoe KapTMpoBaHUEe OCHOBbLIBAETCH
Ha MCMOJIb30BaHNN FEHETUYECKUX METOOO0B ANS
MOCTPOEHUS KapT, yKa3blBaOLLMX MO3ULINU FEHOB
N Opyrmx nocriegoBaTenbHOCTEN B FEHOME.

* [eHETNYECKME METOOLI BKMOYalOT
rmopunaonorn4eckme 3KCNePMMEHTbI UMK, B
criyyae c nogbMun, reHeasriorm4ecknmm metoa
(aHanu3 poaoCNOBHbIX)
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e PuU3nyecKoe KapTupoBaHUe UCMNONbL3YET
MOJIEKYNAPHO-OMonormdeckne MetToabl ang
HEenocpeacTBEHHOro nccnenoBaHnsa MoneKkyn
[HK n cospaHua kapT, 0603Ha4aroLWmnX no3nymm
onpeneneHHbIX nocrnegoBaTtenbHOCTEN, B TOM
ynucne reHos
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OnopHbIE TOYKM KapT XPOMOCOM — IeHbl
n HK-mapkepbl

[ €eHbl — YacTo UCNonNb3yemMble MapKepbl, HO OHU He
naoeanoHbl. OgHa 13 npobnem (ocobeHHO ansa donbLnx
reHOMOB MO3BOHOYHbIX) - KAPTbl, OCHOBAHHbIE Ha reHax,
He OYeHb AeTann3oBaHbl

Heobxoaumbl gpyrme Tunbl MapKepos

OnopHbIe TOYKN KapT, HE ABMAKOLWLMECA reHaMu,
Ha3biBatoTca JHK-mapkepamu

OcHoBHble Tunbl AJHK-mapkepoB:

e nonumMopdn3M OfnHbI PECTPUKLUMOHHBLIX doparMeHToB
(RFLPs)

* NONIMMOPdM3M ANNHbI MPOCTON NOCNea0BaTENbHOCTY
(SSLPs)

* OHOHYKNEOTUAHbI nonnmopdmnam (SNPs) -



e A. CtepTteBaHT B 1913 I.
COCTaBUI1 NEePBY NTEHETUYECKYIO
KapTy nokanum3auun reHoB B X-
XpoMocoMe Apo30dunbl

* [eHeTn4ecKue KapThbl yxKe
paspaboTaHbl Ans Apo3odursbl,
MbILLW, HEUPOCNOPbI; ANs
BbICLLUNX PACTEHUN: KYKYPY3bil,

puca, AMMeH4a 1 4p. Anbdpen CtepTteBaHT
(1891-1970)
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Genes

m Miniature wings

v Vermilion eyes

w White eyes

Recombination frequencies

& i‘;@

4
2

Between mand v = 3.0%
Between mand y = 33.7%

S

Between vand w — 29.4%
Between wand y = 1.3%

S (B

¥ Yellow body
Deduced map positions
Yy W v m
0 1.3 30.7 337

NocTpoeHne reHeTUYECKOU KapTbl HA OCHOBaHUU 4YacToT
pekoMOuHauumu. [Npnmep nokasbiBaeT peanbHble 3KCNEPUMEHTHI,
BbIMOSTIHEHHbLIE ApTypoM CTypTeBaHTOM Ha niogosoun MyLlke. Bece 4
reHa HaxogdaTca B X-XxpoMocome niogoson MyLku.[lokasaHbl
4aCTOTbl peKOMOMHaALMN MexXay reHaMn 1 OTHOCUTENbLHOE
B3aMMopacnonoXXeHne reHoB Ha KapTte 57



[ eHeanormyeckmnm aHanm3 B CoOcCTaBleHnu
reHETUYECKNX KapT YenoBeka

« [1Ng yenoBeka HEBO3MOXHO 3aKIio4YeHUe
9KCrnepuMeHTarbHbIX OPaKoB C Lienbio co3aaHus
reHeTUYEeCKUX KapT

« [laHHbIE ANs pacyeTa YacToT pekoMbuHauum moryT
ObITb NOMNy4YeHbl UCCiedoBaHMEM FEHOTUMNOB YEHOB
NOKONEHMNN CYLLIECTBYIOLLNX CEMEN

e OTO 3HAYUT, YTO AOCTYMNHbIMU ABMNAKOTCS TOMNbLKO
OrpaHUYeHHble AaHHble, N UX MHTEeprnpeTaLmsa 4acTo
YCIOXHSAETCA, T.K. Opaku nogen peako npnuBogaT K
HEeo0XoaUMbIM «CKpeLLMBaHUAMY, & 4YacTO reHOTUMbI
OOHOro Unu 6onbLLEro Yymucna YreHOB CEMbMU
ABMATCA HEOOCTYMHBIMU B CBA3M CO CMEPTbLIO UMK

OTKa30M OT COTpyAHNYECTBA -



(A) The pedigree

A

3

S

T

L_A
% =

MM, MM, MM,  MA MM, MM,

{
N

(B) Possible interpretations of the pedigree

MOTHER'S CHROMOSOMES

Hypothesis | Hypothesis 2
Disease M, Heaithy M
e
[ JRU—
Hedithy M; Disease M;
CHILD | Disease M, Parental Recombinant
CHILD 2 Healthy M Parental Rec
—
CHILD 3 Disease M, Parental Rex
CHILD 4 Disease M, Parental Rec
S —te—
CHILD 5 J fr:r_xl'lh'z' M, Parental Rec
CHILD 6 Disease M, Recombinant Parental
EXTETI T SeIeTa

(C) Resurrection of the maternal grandmother
M

i Disease allele must be linked to M,
HYPOTHESIS | IS CORRECT

:'-'1 1 M y

KEY

Unaffected female ' Affected female Unaffected male . Affected male / Dead

Mpumep aHanu3a pogocnoBHOM
yernoBeka

(A) PogocrnoBHasi nokasbiBaeT
HacregoBaHWe reHeTu4eckon bonesHu
B CEMbE [OBYX XWUBbIX poautenen n 6
OeTeNn, a TakkKe rnpu Hannymm
NHopmMaLnm 0 poanTENSIX MaTepu.
Annenb 6one3Hn ABNseTcs
OOMUHAHTHbLIM MO OTHOLLEHUIO K
annento 30opoBbsA. PearnbHbIM
SIBNSIETCS onpeaeneHne ctenenmn
cuenneHnst mexay reHom 60onesHu un
Mukpocatennutom M TunmpoBaHmem
annenen Ansi 3Toro MMKpocarennurta
(M., M,, n T.n.) y XXMBbIX YNIEHOB CEMbMU.
(B) Pon,ocnosHaﬂ MOXeT ObITb
NHTEPNPETUPOBAHA ABYMS pPas3HbIMU
nytamu: F'mnotesa 1 gaeTt HU3KYH
4acTOTy peEKOMOMHaLMM K
CBUOETENbCTBYET, YTO reH OonesHu
CUINBbHO CUENSIEH C MUKPOCAaTENNMUTOM
M; F'mnotesa 2 nogTBepKOaEeT, YTo reH
N MUKPOCATENNUT MEHEE NPOYHO
CLenneHbl

(C) PekoHcTpyKUMa reHOTUNA
MUKpocaTennuTta 6abyLukm
noaTBepXaaeT crnpaBeasiMBoCTb
[Mnotesbl 1



* Ha reHeTn4yeckoun kapte
XpOMOCOM 0DO3Ha4aloT:
HOMEP rpynnbl cUuenneHns,

COKpalleHHble Ha3BaHUS ai s
reHOB, pacCcTodHMne Mmexay i N
reHamMu sups3 B

 C NOMOLLBbIO rEHETUYECKUX
KapT MOXHO npeaBuaeTb ol s
XapakTep HacrneaoBaHUs I B -
Npu3HaKoB, onpeaensemMbix
HaHEeCEHHbIMU reHaMMW: supel J. T
TEOPETUYECKN PACUUTbLIBATL
BEPOSATHOCTb UX e |

pacliernyieHnd y nNotoMmkKkoB

Pusnyeckue KapTtbl - bonee
!
TOYHbI! 60



MeToabl don3nyeckoro KapTmpoBaHUS

XPOMOCOM

* bonbluoe Yncno MeTogoB PU3NYECKOIO
KapTUPOBaHUA XPOMOCOM OCHOBAHO Ha 3
rMaBHbIX nogxonax:

 PeCcTpMKLUMOHHOE KapTUpoBaHMe, yCcTaHaBnmBatrlLlee
OTHOCUTemNbHble No3nunn Ha mosnekyne HK
nocnegoBaTenbHOCTEN Y3HABaAHUA AN PECTPUKLUMOHHbIX
SHOOHYKIeas

e PniyopecueHTHas in situ ruopungmnsaumusa (FISH), npu
KOTOPOM pacnonoXeHne mapkepa KapTupyetcs
rmbpugmnsaumnen obpasua, KOTopbl COOAEPXKUT MapKep €
NHTaKTHbIMU XPOMOCOMaMU

 KapTupoBaHue nocriegoBaTesfibHOCTAMUN MapKepPHbIX
canTtoB (STS-kapTupoBaHue), NP KOTOPOM MNO3NLINU
KOPOTKMX nocriegoBartenibHocTen kaptupytotes MNLUP n/nnn
rmopmnansaunoHHbIM aHannM3omMm pparMmeHToB reHomMa 61



MeToabl KApTUPOBaAHUA XPOMOCOM
yenoBeka

* B cBS131 C HEBO3MOXXHOCTbIO KapTUPOBaHUA XPOMOCOM
YyenoBeka TpaauLUMOHHbIMU METOA4AMU aHanMM3npYyoLLEro
CKpelunBaHugd, npnemMiemMbiMmn ans apyrux opraHM3mos,
C 9TOU Lenblo NPUMEHSAT Apyrue MeToabl

 Hanpumep, Memood 2ubpudusayuu comamu4yecKux
K/1eMmOK 2pbI3yHO8 U YesloeeKa 8 KyJibmype mkaHeu

« Ecnu nsonunpoBaTtb U3 TeMa M CMeLlaTb KNETKU MbILLN U
YyernoBeKa B KyrnbType, TO B pe3ynbkraTe Ux CrmsHus
MOXXHO MNONy4nTb 2UbBPUOHKLIE KIlemkKu, cooepxxaulue
XPOMOCOMbI OOHO20 UsiU Opy2020 suda. KNneTkn Mbiluu
nmeroT 40 XxpomMmocomMm, a KIeTkn YenoBeka - 46.
CymMMapHOE 4YMCIOo XPOMOCOM r’MOpUAHbLIX KIETOK
OOMKHO cocTaBnATb 86, HO ODbLIYHO 3TO HE NPOUCXOAUT
1 Yalle Bcero rmbpugHslie krnetkm cogepxat ot 40 no 50

XPOMOCOM
62



Human cell

Q— Complete set

Mouse or hamster cell

V Fusion, e.g.
. with PEG

‘ .
. Heterokaryon

Single nucleus
but unstable

HRandom loss
of human
chromosomes

Only a few
human of rodent
chromosomes chromosomes

Stable somatic cell hybrid

[Mpumep nokasbiBaeT Kak
CTabunbHble «4enoBeK-MblLLb»
rmopuaHble coMaTUYECcKNe KIeTKU
I\I_/II%F%/T nony4yaTtbcs NPUMEHEHUEM

[0 NOHATHLIM NPUYNHAM
XPOMOCOMbI YeroBeKka
n3bupaTenbHO yTpaYmBatoTCS
NepBUYHbIM NPOAYKTOM CITUSIHUS

YTpaTta XpoMOCOM 4erioBeka
npuBOAMT K 06pa3oBaHMIo
BbonbLoro pasHoobpasus
rMOpUaHbIX KIETOK No Habopy
XPOMOCOM YerioBeka

TN KNEeTKU MOryT ObITb
KIMOHUPOBaHHbLIMW OS5 NOSTyYEHUS]
OTAENbHbIX KNETOYHbIX FIMHUN CO
cneymdnyeckum Habopom
XPOMOCOM YerioBeka

NoeHTndukaums XpomMocom
YyenoBeka MOXET NPOBOAUTLCS
MeTogamm, ocHoBaHHbIMKU Ha [LP
C MPUMEHEHNEM XPOMOCOM-

cneymgunyeckux Mapkepos -



* [locne pasMHOXeHNA MHTEPECYIOLLUX KITETOK
MOXXHO NMpoBeCTN aHann3 pepMeHTOB,
aKTUBHOCTb KOTOPLIX CBA3aHa C HanMynem
MMEHHO 3TON XPOMOCOMbI

* //lcnonb3oBaHMe MeToaoB
anddepeHUUPOBAHHOU OKPACKNU XPOMOCOM
NO3BOJIAET CBA3aTh reHbl C onpeaeneHHbIMU
JNTOKycaMm XpOMOCOM, TaK Kak B rmOpuaHbIX
KNneTkax gOBOJIbHO YacTbiMU ABNAKTCSA
XPOMOCOMHbIE pa3pbIBbl, MEPECTPOUKN,
NPUCYTCTBUE HE LIENbIX XPOMOCOM, a OTAENbHbIX
doparmeHTOB
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« B paHHOe Bpems onsa KapTUpoOBaHUSA rEHOB
XPOMOCOM Y€enoBeKa NMPUMEHSAITCH TaKKe
apyrne Metoapbi:

e buoxumuyeckue Memoobl — CpaBHEHME
aMUWHOKMCIOTHbIX NocnegoBaTenbHOCTEN BenkoB
N HyKneotugHon nocnegosatenbHocTn JHK
OTAENbHbIX XPOMOCOM

 [J[umonozau4yeckue MemoObl — COMoOCTaBrieHne
M3MEHEHUN MOPEONOrMm XPOMOCOMHOTIO y4YacTKa
C XapakTepHbIM PEHOTUMOM, aHaNN3 «JTOMKUX»
Y4aCTKOB XPOMOCOM

» MonekynspHo-eeHemuyeckue Mmemoobl N Ap.
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Bnarogaps KapTUpOBaHUIO y4anocCh
YCTAaHOBUTb NIOKanu3auuo MHOTMX reHoB B
XpoMoCcoMax YenoBeka

[eHbl pacnofiaraloTca B XpOMOCOMax OOBOSIbHO
CKYYEHHO, 0bpasys rpynrbl, MeXay KOTOPbIMU
MOryT HaxoguTbCHa OONnbLUNE HE3AHATLIE YHaCTKU
(MYCTbIHN)

B pa3nuyHbIX XpOMOCOMaXx HaxXoauUTCS
pPa3fIMYHOE YUCIIO rEHOB

Hamnbonbluee 4yncno reHos - cebile 3 000 B
HanbornbLUIEN U3 ayTOCOM - MepBOu

B X-xpomocome mnx nssectHo cabilie 1400
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GBA .
Gaucher disease

HPC1
Prostate cancer

pPS2
Alzheimer disease

iRV

UROD
Porphyria cutanea tarda

— GLC1A
Glaucomna

Xpomocoma 1

EVC —1 “* HD _
Ellis-van-Creveld Huntington disease

- FGFR3
Achondroplasia

Parkinson disease

MRCLP 4‘
Marcolepsy SHNCA

FOP
Fibrodysplasia
ossificans
progressiva

Xpomocoma 4



PIG-A

Paroxysmal nocturnal
DMD | hermoglobinuria
Duchenne muscular
dystrophy

’* ATP7A
Menkes syndrome

X-xpomocoma
COL4AS
| Alport syndrome
ILZRG
X-linked severe combined |
imrmunodeficiency (SCID) — TNFSFS '
Immunodeficiency
HPRT1 —. } with hyper-lgM
Lesch-MNyhan syndrome
FMRL — \
p ~— ALD
FiggRe Sgrome i . Adrenoleukodystrophy
MECP2 —— S HEMA

Rett syndrome Hernophilia A



e ANNenu

 rpynnbl KpoBu no cucrteme ABO, HaxogsaTcsa B 9-u
XpoMoOCcoMe

 rpynnbl KpoBu rno cucteme MN - Bo 2-u

e cuctembl pesyc-paktopa (Rh) - B 1-n xpomocome

* [MaBHOro KOMMJsiekca rmctocoBMeCcTMMOCTU — B 6-1
XpoMocoMme

e CBbile 200 reHOB HaNpsAMylo yHacrieaoBaHbl
HaMun OT bakTepum

 [loBTOpPAOLWMEeca nocnenosarenbsHocTn OHK,
KOTOpLIE paHee cuYUTanucb NULLHUMN, MOTYT
OKa3aTbCHA «YEePHbIM ALLIMKOMY» 3BOMOLNN U
pacckasaTb 0 npeabiaymx 800 MnH. rogax
Pa3BUTUA OpraHN4YeCcKoro Mmpa
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LHumonozu4yeckue kapmabl
npeacTaBnaiT cobou
dooTorpadouto NN TOYHbIN
PUCYHOK XPOMOCOMbI, Ha KOTOPOM
0b03Ha4vaeTcH
nocneanoBaTernbHOCTb
PAacCrofioXXEeHNS reHoB

FeHeTU4Yeckasi KapTa XpOMOCOMbI

PacnonoxeHue reHoB Ha
LIMTONMOrMYeCcKnx KapTax
onpenensaeTcd ¢ NoOMOLLbIO
TpaHCcnoKaLmnm

TpaHcnokauusa — Tun
XPOMOCOMHOMN NEPECTPOUKU

Bo Bpem4a TpaHcnokauum LinTonornyeckas kapra
npoucxoanT oobmMmeH XPOMOCOMBlI
HEroMOSIOrnMYHbLIMN yYyacTKamm

XPOMOCOM

C nomoLL b0 MUKPOCKOMNUN NOTOM
n3y4varoT pasMepbl, fiokanmsauuio
XPOMOCOMHBIX MEPECTPOEK 70



Exchange of centric 2~ N Exchange of two Exchange in
and acentric & .. acentric fragments proximal
fragments /” \\\ <L:;hort arms
T T % — _——__ Lost
/,. |I ' pter ™ ; y pte ll_?ter - / \}‘
|' I I = qte[ l| " e ! | l". -.I !
| ] | ‘| r f | 3 ’I\ ‘I-l' .-"‘ |l
/ qter ./ v A
~qter - pier e
Dicentric + acentric Stable reciprocal Stable Robertsonian
chromosomes. translocation translocation

Not stable in mitosis

TpaHcnokauun. [IMueHTpruYeckne n aueHTPUYeCcKMe XpPOMOCOMbI ABMSAOTCA
HecTabunbHbLIMKM BO BpeMs MuTo3a. PobepTcoHOBCKUEI TpaHcnokauum
obpasyroTcs 0OMeHOM Mexay NPOKCUManbHbIMU KOPOTKUMK Mnedamu
aKpoueHTpuieckux xpomocom 13, 14, 15, 21 n 22. HecMmoTps Ha HanM4ne OByX
LEHTPOMEP, 3TN XPOMOCOMbI (DYHKLIMOHUPYIOT KaK ofHa U OHU ABMSOTCA
ctabunbHbiMU. Manbiv aueHTPUYECKU pparMeHT yTpaunBaeTCsl, HO 3TO He
NMEET NaTofIorM4YEeCKNX NOCNEACTBUN, T.K. OH COAEPXKUT TOMbKO
nosTopsowmecs nocnegosatenbHocT [JHK n koTopble Takke npeacraBneHbl B
OPYTUX aKPOLIEHTPUYECKUX XPOMOCOMaX



e [lanbHeunllee KapTMpoBaHNE XPOMOCOM
yenoBeka byaeTr MMeTb NpakTU4eckoe 3Ha4YeHMeE:
CTaAHET BO3MOXHbIM C MOMOLLbIO METOO0B
reHHOW MHXeHepun NpPoBOoANTb MPOUNAKTUKY U
reyeHmne MHOrmx HacneacTBeHHbIX boriesHen
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eHeTukKa nona.
CuenneHHoe C NoJfiom
HacregoBaHue



OnpeaeneHue nona

* buonormnyecku, nos1 — 3mo co8OKYMHOCMk
MOP@OsiIo2UYECKUX, Gou3UOTI02UYECKUX U
108e0EHYECKUX Xapakmepucmuk, Komopabie
omriu4arom XXeHcKue opaaHu3Mbl (Komophble
POoOyuUpPyrom SUUEKTEMKU) OmM MYXCKUX
op2aHuU3Mos (rpodyuupyrouwiux
criepMamo30uobl)
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* Y pas3genbHOonosnbIX XXUMBOTHbIX 0COBU C pa3HbIM
NosfioM poXgarTcAa B COOTHOLLEHMN 1:1

« OTO KapTMHa HacrnegoBaHUA Nnpu
aHann3npyroLLEM CKpeLLIMBaAHNM:

P:. Aa X aa
F: Aa, aa
1:1
e [Mon HacnepyeTcsa Kak MEHAENUPYHOLLUN
NPU3HaK
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MexaHn3MbI onpeneneHns v
anddepeHunaumnm nona

1.
2.

XpOMOCOMHbIe MeXaHU3Mbl

My>kckasi ranfionansa Unu ransio-gunnonaHbIn
MeXaHU3M

MexaHn3m reHHoro 6anaHca
QPP EKT OQHOro reHa

LlInTonnasmaTtunyeckoe onpeaeneHue nona
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XPOMOCOMHada Teopus
onpeneneHnsa nona

e Y DONbLUMHCTBA AUNMOUAHbIX NOMOBbLIX
>KMBOTHBbIX BbISIBIIEHA Napa nonoBbIX
XPOMOCOM, OTBETCTBEHHbIX 3a onpeaeneHne
nona. OHM obo3HavarwTca kKak X n'Y

e X-xpomMocoma Obifna BrnepBble BbisIBNIEHA
HemMmeuKknm bnosiorom N’epmaHom XeHKUHIOM B
1891 r. npu nccnegoBaHum cneplvlaToreHeaa y
camua XXyka , o
poaa Lygaeus

4



« XpOMOCOMHaa Teopus onpegereHus nona obina
pa3pabotaHa BuncoHom n CtuBeHcom
(1902-1905)

* OHM Ha3Banm X n Y XpoMOCOMbI — MOSTIOBbIMU
XpomMocomMaMu Unu anfnocomMamMmu, a apyrue
XPOMOCOMbI — ayTOCOMaMM

« CornacHo aTon Teopuu:

* MOMNOBbLIE XPOMOCOMbI coAepKaT reHbl nona. X-
XPOMOCOMa HECET reHbl, onpeaenstoLlme XeHCKN
Nnos, a Y-XpoMocOMa — reHbl, OTBETCTBEHHLIE 3a
MY>KCKOW Nof

* Ynucno X- n Y-XpoMocom onpeaenaroT nor
nHanemnayyma

e ayTOCOMbI cofiepXaT reHbl COMaTUYECKUX NMPU3HAKOB.

OHUM He cBA3aHbl C MNOJIOM
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Tunbl XPOMOCOMHbIX MEXaHN3MOB
onpeneneHuda nona

e HeaudbdepeHunpoBaHHbIe NONOBLIE
XPOMOCOMbI Y NMPUMUTUBHBLIX POPM MOMNOBLIE

XpOMOCOMbI (X nnu Y) He naeHTMAOULMPOBaHLI.

[ eHbl, onpeaensatoLine nomn, BO3MOXHO,
rnokanmaoBaHbl B ayTocomMax. OTo Hanbornee

NPUMUTUBHBLIN TUMN NOSIOBOUN AeTepPMUHALNN
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XX-XY tun

 [1aHHbIN TUN onpeaeneHns nona oObin BNnepBble

N3y4vyeH Ha XyKe Lygaeus turcicus BUnocoHOM u
CTnBeHcoOM

e CaMKu UMEIT Habop NONOBLIX XPOMOCOM XX

e caMLbl MMeIOT Habop NMosioBbIX XpomMocom XY

e OTOT TUN ONpeaeneHnsa nosna BbiABIIEH Y
yenoBeka, Apo3odunbl, pgaa HacekoMbIX

* Mogndukaums aToro Tuna onpegeneHns nona:.

XY y caMoK (Kypbl, NTULbI, HEKOTOPbIE PbIbbI,
6aboukmn)
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* 13 46 xpomocom (23 napbl) B KapuoTtune
YyenoBeka:

e 22 napbl 0OOUHAKOBbI Y MY>XYUH U XXEHLUWH
(ayTocombl)

* a OfHa napa, nMmetoLlasl HasBaHue MosioBbIX
(reTepoXpoOMOCOMbI, FOHOCOMbI), Y
PasfiNYHbIX MOSI0B OTNINMYAETCA: Y XKEHLUNH —
XX, Y My>XX4YMH — XY

 [lonioBble XpOMOCOMbI NpeAcTaBeHbl B Ka)XO0U
coOMaTUYEeCKOU KNeTKke nHansuaa
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* [1pu obpasoBaHnM rameT BO BpeMs Meno3a roMonornyHble
NONOBbIE XPOMOCOMbI PACXOAATCA B pa3Hble NOSIOBble KMNEeTKU

« Takum obpasom, kaxaasi AMLEKNETKa KpomMe 22 ayTocoMm
HeCceT OA4HYy NOoMoBYy XpoMocomy X (rannongHbii Habop
XPOMOCOM paBHSETCA 23)

» Bce cnepmarosoungbl Takke MMEKOT rannonaHbiv Habop
XPOMOCOM, U3 KOTOPbIX 22 — ayTOCOMbI, @ ogHa — nonosas.
[lonoBnHa cnepmaTo3oMgoB CO4EPXKUT X, BTOpasd NosioBMHA
— Y XpomMocomy -



e Tak Kak >XeHCKue nonoBble XPOMOCOMbI
OAMHAKOBbI U BCe ANLIEKINETKN HECYT X-
XPOMOCOMY, TO XEHCKMU Mon y YernoBekKka
Ha3blBAlOT rOMOraMeTHbIM

* My>XCKOW non y YernoBeka B CBA3U C OTINIMYMNEM
NonoBbIX XpoMocoMm (X unu Y) B

crnepmarto3ongax Ha3blBa€TCAH rereporaMmeTHbIM
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 [lon yenoBeka onpenensieTcd B MOMEHT ONJIOAOBTOPEHUSA.
KeHLnHa nmeeT oguH TMn ramet — X, My>X4MHa — [Ba Tuna ramer:
XnyY

« [lpy onnNogoTBOPEHUM XPOMOCOMHbIE HAbOPLI rAaMeT 00bLEeaNHAIOTCS.
3urota cogepXxnT 22 napbl ayTOCOM M OAHY Napy MOMoBbIX XPOMOCOM

« Ecnu anuekneTky onsiogoTBopun cnepmarto3ong ¢ X-XpoMoCOMOW, TO
B 3UroTe napa noroBbIX XpoMocoM byaeTt XX, n U3 Hee pPa3oBbLETCH
aeBoYka. Ecnu e onnogoTtBopeHne npoussesn cnepmarosons c Y-
XpPOMOCOMOM, TO HAbOp NOMNOBLIX XPOMOCOM B 3urote — XY. Takad
3UroTa 4acT Hayasio My>XCKOMYy OpraHu3my

« Takum obpasom, nos1 6ydywe2o pebeHka onpedesisiem
2emepo2aMemHbIU o rnosioebIM XPOMOCOMaM MYXXYUHaA.
CoOTHOLLEHNE NOSIOB MPU POXXAEHUN, NO AAaHHBbIM CTAaTUCTUKMN, 84
cocTaBnseT npmbnmanTtesrnbHo 1:1



* XpOMOCOMHOE oripeoderieHue rosia — He
e0UHCMBEeHHbIU YpPOB8EHb M0/1080U
ougbbepeHUUPOo8KU

* Y 3MOPUOHOB BbICLLINX MNO3BOHOYHbIX
Pa3BMBAOTCA MPU3HAKN NPOTMBOMNOSIOXHOIO
nona, BMECTe C Npu3HakamMmu, onpeaensiemMbiMm
COOCTBEHHbLIMM MOSIOBLIMU XPOMOCOMaMM

e TO ecTb NOJ U3MEHSIETCS NPU onpeaeneHHbIX
ycriosusix! Nop aencrtememM nonoBbIX
rOpMOHOB, CUHTE3UPYEMbIX MOSIOBLIMU
Xenesamu — nonoBas anddepeHUUpoBKa
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HacnepnoBaHue, cuenmneHHoe C
Noriom

e Y MneKonuTarLux napbl rOMOSIOrNMYHbIX @y TOCOMHbIX XPOMOCOM
SABMNAKTCA CTPYKTYPHO UAEHTUYHBIMU (FOMOMOPdHbLIMKM). B TO e Bpems
X 1 Y XpOMOCOMbI YerioBeka 1 gpyrnx BU4oB MNEKONUTaLLNX ABIAKTCS
retTepomMopPHbLIMU

e X-XxpomMocoma 4YesrioBeka rnpeacrasnsger cobom cybmeTaueHTPUYECKYIO
XpomMocomy, Kotopas coaepxut okono 165 Mb [JHK, Torga kak Y — a1o
aKpoLIEHTpUYecKas XxpoMocomMa CyLLLECTBEHHO MEHbLLNX pa3MepoB
(copgepxunt okono 60 Mb HK).

e X-xpomocoma coaepXxuT 3HaunTenbHoe 4Yncrno (okorno 1400) BaXHbIX
reHoB. B otnuyme ot atoro, 3HaYnTerNbHbIN 00BHEM Y-XPOMOCOMBbI
yerioBeka ABNAeTCS reHeTU4eCKN MHEePTHbIM, COCTOUT U3
KOHCTUTYTUBHOIO reTepoxpomMaTmHa, KOTOPbI COLEPXUT pasHble TUMbI
Hekoaupyrowen HK, KoTopble BbICOKO U YMEPEHHO MOBTOPAOTCA.
TonbKO 04eHb HE3HaYUTENBbHOE YNCIO PYHKLMOHASTbHbBIX FEHOB BbISABIIEHO
Ha Y-XpoMOCOMe, YacTb U3 KOTOPbIX rOMOSIOrMYHa reHam X-XpOMOCOMbI, a
apyrast 4actb sBNsieTcs Y-cneuncru4eckomn 1 Takon, 4To aKCnpeccupyegcs
B CEMEHHMKaX



HecmoTpsi Ha
Mopdposiormnyeckne oTnmumngd, X-
N Y-XpPOMOCOMbI CITOCOOHBI K
cnapuBaHuUIO BO Bpems
MeMno3a B MYXXCKMX KIeTKax u
obMeHY MHPOPMaTUBHBLIMU
nocrnenoBaTeribHOCTAMM.
ObmeH
nocrnenoBaTefibHOCTAMMU
NpoucxoamnT B HEDOMbLUKUX
FOMOJTOMMYHbIX PErmoHax
mMexay X- n Y-xpomMocomMamum,
TN peruoHbl Ha3bIBaKOT
nceBgoayTocomMaribHbIMU
pernoHamum, T.K. [1HK-
nocnenoBaTesibHOCTU B 9TUX

PernMoHax He nMposBMAAOT CTPOro

cLUenmneHHoro ¢ nosfiom
HacrnegoBaHUS

[eHbl, onpeaensoLwmne
X-cuenrieHHble NpU3HaKkn

[eHbl,onNpenensoLwne
rofiaHapuyeckme
NPU3HaKN

Obwume
___—— romMmonoruyeckme
y4yacTku

Y
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X-xpoMocomMa
yesioBeka

OTHOCUTenbHoOe
pacnosioXxeHue
NaToIOrM4eCKnX reHos
B X-xpoMocome
PAcnosiorardTCs reHsbl,
Bbi3blBatoLme 6051e3Hn:
NAapoOKCU3MaANIbHYIO HOYHYIO
reMorobunHyputo
MmoancTpodpuio AdroweHHa
cMHApoM MeHkKkeca
CUHAPOM AnbnopTa
cuHppom Jlewa-HuxaHa
CUHAPOM JTIOMKOM
X-XpPOMOCOMbI
remodunmio A

DMD
Duchenne muscular
dystrophy

ILZRG
*-linked severe combined
immunodeficiency (SCID)

HPRT1
Lesch-Nyhan syndrome

FMR1
Fragile ¥ syndrome

MECP2
Rett syndrome

PIG-4
Paroxysmal nocturnal
hemoaglobinuria

ATP7A
Menkes syndrome

COL4AS
Alport syndrome

TNFSFS
Irrmunodeficiency
with hyper-lgh

aLD
Adrenoleukodystrophy

HEMA
Hermophilia &
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AN SRY
\ ] Testes-determining factor

Y-XpoMOcOMa yenoBeka beaHaa reHamu. OgHnM
n3 Hanbonee 3HAYNMbIX NrEHOB SBJISIETCSH

testes-determining factor nnmn sex-determining
factor (neTepMMHNPYIOLKMN CEMEHHUKN (PAKTOP,
onpeaendawmn nos Paktop), U3BecTHbIN Kak SRY
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Y MY>XYMH B MOMNOBbLIX XPOMOCOMAaX HEKOTOPbIE MeHbl He
NMEIOT BTOPOro annensd B roMoSIormM4HOU XpPOMOCOME

B TakomMm Buae npusHak onpegenserca He napou
annenbHbIX reHOB, Kak OObIYHbIM MEHOENUPYIOLLNA
Npu3Hak, a ToNMbLKO ogHUM annenem

[loOobHOEe cocmosiHUe 2eHa Ha3blgaemcs
2eMu3uU20mHbIM, a rpu3HaKku, passumue Komophbix
0bycrioerieHo 0OUHOYHbLIM arsifiesieM, PacriofioXXeHHbIM 8
OO0HOU U3 allbmepHamueHbIX MosiI08bIX XPOMOCOM
fo/1y4uUsiu Ha3eaHue cuernsieHHbIX € MoJsioM

[lpn3HaKu, cLenneHHbIe C NOSIOM, NPEUMYLLIECTBEHHO
pPa3BMBAIOTCA Y OAHOMO U3 ABYX MOMOB U NO-pa3HOMY
HacneayTcs Yy MY>XYNH U XKEeHLLMH
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HacnenoBaHue

|

NonureHHoe

Y-cuenneHHoe

(ronaHapuyeckoe)

\

MoHoreHHoe
AyTOoCOMHOE [oHOCOMHOe
[loMUHaH- Peueccus- X-cuenneHHoe
THOE HOoe
[oMMHaHTHOe

BUTAMUHOPE3NCTEHTHbIN
paxuT, TeMHasi amarib
3y0oB

PeueccuBHoe

remodounua, 4ansTOHU3M,
aTpodouns 3puUTenbLHOro HepBea,
Muonatus [dioweHHa
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X-CLlenneHHoe peLeccnBHOE

HacnegoBaHUE
* [lpenmywiecTtBeHHO
nopaxkarTCs MY>KUYMHbI
* [lopaxeHHble Manb4mKu
0 0b6bIYHO poXxaarTcs OT
| [] {(*) Henopa)keHHbIX poauTenen
i 2
1 « MaTtb 00bIYHO ABNAETCA
I }__(.5 (O 1] acMMMTOMAaTUYHbBIM
{ 2 3 a 5 8 HOCUTENEM N MOXET UMETb
| | | NopaeHHoro oTua
Il ‘——*O \A_) i1} 5 d\)——‘: |J___ o JKeHLUWHbI MOTYT BbITb
112 3 4 5 6 7 8 MOPaXKEHHLIMWN, ECIN UX
[ oTeLl NopaeHHbIN, a MaTb
20, T‘L| |£| O i é aBnsgeTca Hocutenem. Mnn
7 5 3 4 5 & O4eHb peako B pesynbraTe
HecryyYyanHom X-
Bl L S T MHAKTBaUUun

* [lpn HacnepoBaHUK
OTCYTCTBYET nepegada ot
MY>XUYUHbI K MY>X4YMHE
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HacneaoBaHue remocdunnum

H — reH HopManbHOro ceepTbiBaHNA KPOBMU,

h — reH remounnu
e X"Y — MyxuunHa c remodpunuen (reMM3NroTHOCTb)
e XY — 300poOBbIN My>XUYMHa
* Y )XEHLUUH NpU3HaK onpeaensercs napowu
annesnbHbIX FeHOB B MOJIOBLIX XpoMocoMax XX,

Takum obpas3om, reModnnmusa MOXeT NPOABUTLCS
TONBbKO B FOMO3UTOTHOM COCTOSIHUMW:

e X"XH — xeHwmHa 3n0poBa

e X"X" — retepo3urorHas xxeHwmHa, HOCUTENb reHa
remocdunuu, spopoBa

e XXM — xeHwWMHa c remochunuen
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XHxh

Kpuc-kpocc HacnepoBaHue npu remodpunum
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Koponesa Buxropua ®_[_D Tpunu AnsGepr

O—® OO o0

Opunpux X | Buxtopua Kopone |Koponema Anexcamapa  Anuca | Jhomeur IV Deccencinit  Jleononsn, | Enena Bearpuca | lenpux Batren6yprecmi

Sayapz € OnGaxu
] E B OO

nca| Astexcannp Jleononsn Mopue Bukropus, | Ansdonc XIII,

N

@ Cocdun [;] Ceopr V @ i d)——D Laps

Banbgemap CHrusmyHn Hpen Ipunn Buscropun| [1puyy Jiyy /Anexcanapa| Hukonai

TecceHckan ®penepuk Ba T — l;loponena koposs Hcnanuu
CITAHHH
Teopr V1 Anuca i i ii
Anexcaunp Ienpux, bAEeMap, Hapesuu Mopuc,/ymep Pyne
PT
yMep 4 neT noxaan no 56 ner Anexcelt B eM  (sopn Tpematon) Anmsponc  Toncano
I e - J
EnusaBerall II Ounnun Y
PHHL 3 Herexas KpoBbio
O AOPOBasA KEHLMHA HoCTe HeCUACTHBIX
O Suapio dayapn @ X eHuIHHA - HOCHTeITH caydacn
Duana | Yapns Anna | Mapk Oumnanc [J 3noposeiit myscuma
‘ Mym'-g)ma— BO3IMOMXKHBI
reMogrIHK
Murep 3apa B Myxuwina-remodumix

Yuneam Ienpux

HacnenoBaHue remounmmn A y noToMKOB KoporneBbl Buktopun. Ha cxeme
0003Ha4Y€eHbI TOSIbKO TE NMOTOMKU, KOTOPbIE y4acTBOBanu B nepegayvye remounnm

M ObINN NOPaXeHbl €l0.
PogocnoBHasi 6puTaHCKOro KOposSiEBCKOro ABopa NpoaoriKeHa, YToob!
nokasaTb, MoO4YEMY reModunna He NposaBunach 340ecb HMU Yy OQHOro U3 NOTOMKOB

KoposieBbl BUKTOpUK B Te4eHUE 7 NOKOSIEHNN
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* [emodounusa — 3aboneBaHne HEOOQHOPOOHOE.
Pa3nnyatoT HECKOSTbKO TUMNOB reModonnmn

e [emodounua A — knaccmyeckada remounug,
nedonunt dgakrtopa VIl — aHTUremodpunbHoro
rmobynuHa. X-cuenneHHoe 3aboneBaHme,
1:10 000 »X1nBOPOXKOEHHbLIX ManNbYNKOB

« 3aboneBaHne HacneacTBEHHOE UNn BCrneacTemne
MyTauuu reHa B crnepmarosonae nnu
AnLeKneTke (nNpu crepmartoreHese B 5 pas yaule
NPOUCXOoAUT MyTaLUd, YEM NPU OBOreHese)
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e Nlemodunua B (bonesHb Kpuctmacca) — X-
cuenneHHoe 3abonesanne, oepuumT paktopa
IX (TpombonnactuHa). Hactota 1:30 000
XUBOPOXOEHHbIX Marb4MKoB

» CoctaBnset 15% OT Bcex crny4yaeB reMounnm

e f[emodbunua C — gedounumnt dpaktopa Xl
(NpenlwecTBeHHUKa TpombonnacTtmHa). Yacto
BcTpeyaeTcs Ha BrnivkHem Boctoke (MemeH,
N3paunb). 1% cnydaeB remounnu

e Bectpeuaetca n AYTOCOMHAA remochunus!
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X-cuenneHHoe JOMUHAHTHOE
HacrneagoBaHMe

» [lopaxatTcsa ocobu 06oMx NOMOB, HO Yalle XXEHLLUUHbI

 XKeHLUHbI NopakatoTcs Gonee ymepeHHo 1 pa3HoobpasHee, Yem
MY >KYMHBI

» PebeHok nopaxxeHHOW XEeHLLUHbI, HE3aBMUCUMO OT rnona, umeet 50%
BEPOSATHOCTb NOpaxeHus

« Ecnun nopaxeH Myx4unHa, 1O nopaxakTcd BCE ero govepun n Hn ognH 13
CblIHOBEN 98



Y-cuenrieHHoe HacnegoBaHUe
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 [Topa)atoTcs TONbKO MY>XYMHbI

 [lopaxeHHble MY>X4MHbI BCcerga MMeoT NopaKeHHoro
oTua

« Bce cblHOBbSI MOPa)KEHHOTO MY>XYMHbI ABNAKOTCS
NnopaxeHHbIMU

FonaHppuyeckue npusHaKku: OBONOCEHNE YLeN (TMNepTPMXo3), NEPETSKKN MeXay
nanbLuaMn HOr, NXTNO3 (KoXa MMeET rnyboKyo NCYHEPYEHHOCTb U HANOMWHAET PbIObLIO
YeLuyro)



[Tfp3HaKu, orpaHNn4YeHHbIE NOJIOM U
3aBUCUMbI€e OT nona

* [lpu3Hakum yenoseka, HacrnegoBaHMe KOTOPbIX KAKUM-TO
obpa3om cBA3aHO C NOfoM, OENIATCA Ha HECKONbKO
Kateropumu

e [lpn3sHaku, orpaHnYeHHbIe nosiom. x passutue
00yCroBMNeHO reHamu, pacnorioKeHHbIMU B ayTOCOMaX
00onx NoNoB, HO NPOSIBAATCS TOMNbKO Y O4HOro nona

* Hanpl/lmep, reHbl, onpeaendrwiine WnMpuHy 1a3a XeHLUHbI,
J1I0Kal1in30BaHbl B ayTOCOMax, yHacJieayrTcd n oT otua n ot
Matepun, HO NMNPOoABJIAKOTCA TOJIbKO Y XEHLLUNH

 To )Xe caMoe kacaeTcs Bo3pacTa MNofioBoro A03peBaHus
NeBYyLLEK

. Cpe,EI,I/I MY>KCKUX MNMPU3HaAKoOB, OrpaHN4Y€eHHbIX MOJ1IOM -
KOJINYECTBO U pacripenereHmne BosrioCAHOIo nokKpoBa Ha
Tene
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NPU3HaKW, KOHTPoONMpyembie NosioM UNu 3aBUCUMbIE OT
nosna. PasButne comatnyeckux npu3Hakos 0OycnoBeHO
reHamu, pacnosioXkXeHHbIMU B ayTOCOMaXx, NPOsIBNSIKOTCSH OHM
Y MY>XYUH U XXEHLLUH, HO NO-pPa3HOMY

Hanpumep, y My>X4nMH paHHee obrnbicCeHue — npusHak
OOMMWHAHTEH, NPOABAETCA KakK Y JOMUHAHTHbBIX TOMO3UroT
(AA), Tak 1 y reteposuroT (Aa). Y XeHLLNH 3TOT NpusHakK
peLeccuBeH, OH NPOABIIAETCA TOSIbKO Y PeLieCCUBHbIX
romosuroT (aa). [NoaTomMy fbICbIX MY>XYNH 3HAYNTENBHO
oonbLie, Yem XKEeHLUUH

Lpyrum npMepom MOXET ObITb nogarpa, y My>XX4nH ee
neHeTpaHTHOCTb Bbille: 80% npotne 12% Yy XXeHLWWH. To ecTb,
Yyalle nogarpon 6onerT MyXXUNHbI

JKCNPEeCcCUBHOCTb NMPU3HAKOB, KOHTPONMPYEMbIX MOJSIOM,
obycnoBneHa nonoBbIMU ropMmoHamun. Hanpumep, Tmn
rneB4eckoro ronoca (bac, 6apuToH, TeHOp, conpaHo, MeLLo-
COMpaHoO 1 anbT) KOHTPOSIMPYETCH MNOSIOBON KOHCTUTYLNEN.
HadunHas ¢ nepnoga NonoBoro Co3peBaHnd, NpU3sHakK
HaxoouTcs nog BAnNsSHUEM NOMOBbIX TOPMOHOB
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Iboiar o/ xap o
ey 1
BHIMMNMAaaampumume?!

102



