XpomMocoMHas Teopus
HacnencTBeHHOCTM.
XpoMOCOMHOe onpeaerneHune nona
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[ToBegeHne XxpoMocoM B MeNo3e COnoCTaBMMO C NOBELEHMNEM
HacnenCcTBEHHbIX pakTopoB (reHoB) B OTKPbITLIX [. MeHaenem
3aKOHOMepPHOCTSAX HacrnegosaHus. OBbHapyXeHWe aToro napannennama

aario Tor4okK K Co3aaHnio XpOMOCOMHOl:I meopuu HacriedcmeeHHoCcmu.
 [enctBuUTENLHO,

ransionaHble raMeTbl
cogepxaT No O4HOW
N3 KaXkgow napebl
XpPOMOCOM
N COOTBETCTBEHHO
No ogHOMY
MeHOEeNeBCKo-
My doakTopy, nnum

v annenomopaqy.

& CnusaHue rannougHbIX
ol e ' rameT NpUBOANT
' \ K O6'be,El,liIHeHI/I}O B siApe.
MO OOHOW rOMOJIOrMYHOM
a ﬁf’ Ee,, 2 f"b A\ XPOMOCOME OT Kaxaoro
! ) }3 J ) poauTens, a ecriv oHu
SR 7 pasnuyanucb
j,-w.,.\ 1/4 38 no annensim ogHoro
1/4 aB  1/4 Ab rena,
TO U K YCTAHOBNEHWUIO
retepo3urotHocTn (Aa).
*[Tpn meno3e NPoNCXoanT peayKkuus Yncna XpoMOCOM, Npu 3TOM FOMOSOMN U3 pasHbIX
OmBaneHToOB pacxoadaTcsa B aHadyase | HezaBUCMMO U TakKe HeE3aBUCUMO BeayT cebs

pasHble napbl MeHagenesckux oaktopoB (AaBb), obpasys B utore 4 tuna ramert: AB,
Ab, aB, ab.




e XpomMocomMHas Teopus
HacneacTtBeHHocTu (T.X.
MopraH, 1910 r.)— Teopus,
COrflacHoO KOTopou
XPOMOCOMbI, 3aKMOYEHHbIE B
Sape KNeTkn, SABNArTCS
HOCUTENAMM rEHOB U
npeacTaBnsitoT coboun
MaTepuanbHyt0 OCHOBY
HacrneacTBEHHOCTU, TO ECTb
NpeemMcTBEHHOCTbL CBOUCTB
OpraHnM3mMoB B paay NOKONeHumn
onpegensercd
NPEEMCTBEHHOCTbLIO UX
XPOMOCOM.



TepmMmuHonorug

Tepmun XapakTepucruka IIpumepsbl
AyTOCOMBI IIapHbIe XpOMOCOMBI, OTHUHAKOBbBIE Yy Y 4yesoBeka 22 napbl
MY’KCKOI'0 U KEHCKOI'0 OPraH1u3MoOB
IHosioBBIE IIapbl XpoMocOM, 10 KOTOPBIM OTJINYAKTCH Y yenoBeka ¢ — XX
XPOMOCOMBI MYKCKHE U )KEHCKHE OPraHu3Mbl 3 -Xy
T'omoramerHbIi IToa, mMeromui 1Be OTUHAKOBLIE MOJIOBbIE Y 4esioBeka 1 MJIEKONMUTAKIIUX
moJI XPOMOCOMBI; IpHu ramerorenese oopasyerca 1 | — @ (XX);
THII TAMeT Y nrun — & (ZZ2);
Y 6a6ouex — &3 (ZZ).
I'ereporamernst | IloJi, onpeaessieMbld COYeTAHMEM PA3JIMYHBIX | Y YeJ0BeKAa U MJICKONMMUTAKOIINX
i moJt MOJIOBBIX XPOMOCOM; IIPU raMeTOreHese -4 (XY);
o0pasyeTcsi IBa THIIA TaMeT Y orun — @ (ZW);
VY 6ab6ouexk — @ (ZW);
Y npsiMokpbLIbIX — 3 (X0)
Ipuznakm, OnpenejsOTC reHAMHU, PACIIOJIOKEHHBIMHA B | Y 4eji0BeKa 3TO JAJIbLTOHU3M U
CHeIJIEHHbIE ¢ HEroOMOJIOTHYHOM Y4YACTKe X-XPOMOCOMBI HOpPMAaJIbHOE IBETOOLIyIIeHHE,
moJiom (¢ X- reMo(puiIusi 1 HOpMAJIbHasA
XPOMOCOMO¥A) CBEPTHIBAEMOCTH KPOBH.
Tonanapuyeckue | OnpenessiloTCs reHAMM, PaCOJI0KEHHbIMHU O0B0JIOIIEHHOCTH HAPYAKHBIX
NMPU3HAKHU TOJIBKO B Y-XpOMOCOMeE; Pa3BHBAIOTCS TOJIBKO | CJIYXOBBIX IIPOX010B, HUXTHO3
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KO2KH




OCHOBHbIE TUMbI XPOMOCOMHOIO onpeaesfieHns nora. covYyetaHnem nosnoBbIX

XPOMOCOM Npu Menose

Tun onpenesiennsi mojaa I'ereporame | 3urora I'pynnbl opranusmon
THBIN
oJ1 CaMLOB caMOK

Xy 3 Xy XX — BOJBIIMHCTBO MJIEKOMMTUTAIOIINX,
HEKOTOpbIe PbIObI, BCe IBYKPbLIbIE U
Ap.

X0 g X0 XX — Hemaroabl, HeKOTOpbIE paKo0Opa3HbIe,
KJIONbI, Ky3HEYUKH, CTPEKO3bI,
0a004YKH, )KYKH, TEPMHUTHI, BECHSIHKH,
CEeHOe/bl, CKOPIIMOHHHUIIbI, HEKOTOPbIE
MJIEKONIMTAIONIHE (KEHTYPY)

X X,. XY a X X,...X Y X X,...X X | — Boromo.ibl, HeKOTOpPbIE MJIEKONUTAIOLLHE

XY1- | X17,.7, XY)Y,...Y XX

| — BO3MOKHO cOYeTaHue

HECKOJIbKHMX X M
HECKOJBbKHMX Y XpOMOCOM

X0: X, X,...X 0 3 X X,... X0 [XX,..X X — [laykmu, T/IM, HeKOTOpbIE 0A00UKHN

Xy Q XX XY — HekoTropble NTHLBI, peNTHINA (3MEH),
AKCOJIOTJIb, TYTOBBIH IEJIKONPSi,
HEKOTOpPbIe PHIObI

X0 Q XX X0 — Slmepuubl, JATyIIKA, MOJH U AP.

[
i XYY, .Y Q X X,...X X X X,...X Y | — Hexoropbie 3men, 6a60uxu
XY1 - ! XX XY,Y,...Y, — PaBHOHOTHE paku
X0: X1X2"°Xn0 Q X1Xz"'Xn Xn XIXZ...XHO HexoTopbie nTunbI (HeCapKa, BaJbALIHEI)




OCHOBHbIe TUnbI XPOMOCOMHOIO onpeaesfieHnsAa nosrfa. COoTHowweHnemMm 4ucria
nosioBbIX XxpomMmocoM (X) n aytocom (A) (na npumepe Drisophila melanogaster)

XpOMOCOMHBIU IHoJsioBO# MHAEKC Tun mosia IIpumeuyanue
Ha0op X/A
3X:2A 1.50 «MeTacaMKa» CrepuibHa,
runepTpogpupoBaHbI
NMPHU3HAKHU KEHCKOT0 1M0J1a
4X:3A 1.33 «MeTaCaMKa» CrepuibHa,
runepTrpogpupoBaHbl
NMPU3HAKH KEHCKOT0 1M0J1a
4X:4A 1.00 Terpamiongnas camka DepTHIbHA
3X:3A 1.00 TpuniounaHas camka IHonun:xennast GepTUIBHOCTD
2X:2A 1.00 JlunionaHas caMmka DepTHiibHA
1X:1A 1.00 lansiongnas camka CrepuibHa
3X:4A 0.75 HNHuTepcexc Crepuiien
2X:3A 0.67 HNuTepcekc CrepuJiien
1X:2A 0.50 JuniionaHbii camen DepTiiieH
2X:4A 0.50 TerpamjiongHbIi camen DepTriieH
1X:3A 0.33 «MeTacaMern) CrepuJieH, runepTpopupoBaHbI
NMPU3HAKHA MYKCKOI0 I10J1a

X —4ucio X-XpoMOCOM;

A — 4HCIIO TaIUIOUIHBIX HA0OPOB ayTOCOM

w
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Mpumepbl ApyrMx TMNOB XPOMOCOMHOIO onpeAerieHus nona

Jlecnoii iemmuHr Myopus schisticolor

CaMKu UMEIOT B KAPUOTHUIIE CIAEAYIOIINE COUCTAHUS
MTOJIOBBIX XPOMOCOM:

XX, X*y, X*X,

rae * - gpakrop, NoaaBIAIONIUMNA TelCcTBUE Y -
XPOMOCOMBIL. J{0JIs1 caMIIOB B TIOMYJISLAU IIPU PABHOU
(bepTUIbHOCTHU CaMOK M caMIoB cocTaBiisieT 0,25.

IMuena menonocHas Apis mellifera
["armo-AMIIONAHBIN TUI ONpEIeSICHHS oI,

[TonoBeix xpomMocoM HEeT. CaMKH pa3BUBAIOTCS U3
OTUIOOTBOPEHHBIX SUI] U OHU JUIIJIOUIAHBI, CaMIIbl — U3
HEOIUJIOJJOTBOPEHHBIX SIUI U OHU — TaruiouIHbl. [1pu
CIEPMATOTEHE3€ YUCIIO XPOMOCOM HE peayILupyeTcs




Yenosek XY

Ky3aneuuk XO

HEOHHOAOTBOPGHH&R

u ANLeKneTKa
o

[lepBUYHOE COOTHOLLEHNE
nonoB, onpeaensemoe B
MOMEHT ONSIogOTBOPEHMUS, B
criy4dae reteporaMmeTHOCTU
OJHOro 13 rnonos, 6rn3Ko K
pacwiensnennio 1:1, 4to
COOTBETCTBYET pacCLLEnSIEHUIO
Npu aHanNU3npyrLLeM
CKpeLLnBaHUN.

[oMorameTHbIM nos obpasyeT
OOWH TUN raMeT, HecyLwnx X-
Xpomocomy (Z),
rereporaMeTHbIn obpasyeT
nBa tuna ramet — 50% ramert
HeceT X-XpoMocoMmy (Z) u
50% — Y-xpomocomy (W).
CnepoBaTenbHO, 3UroThl,
Hecywme ase X-XpOMOCOMbI
(ZZ),  ogHy X-XpOMOCOMY W
Y-xpomocowmy (ZW) oyoyT
obpasoBbiBaTbCS B
COOTHOoLWEeHnn 1 : 1



HacaenoBaHnue Npu3HAKOB, CHEIVICHHBIX C IT0JIOM

Mopran (Morgan) Tomac XauT (1866-1945),
aMEpUKAHCKHI OMOJIOT, OIMH U3 OCHOBOIOJIOXKHHUKOB
TE€HETUKHU, UHOCTPAHHBIN uieH-koppecnonaeHT PAH
(1923) u unoctpanusiii mouetHeiii wien AH CCCP
(1932). Ipesunent HanmonansHoit AH CIIIA
(1927-31). Pa6otst Moprana u ero mkomsl (I JIx.
Memnep, A. I. CrepreBaHT u ap.) 000CHOBAIN
XPOMOCOMHYI0 T€OPHIO HACJIECTBEHHOCTH;
YCTaHOBJICHHBIE 3aKOHOMEPHOCTH PACIOJIOKESHHUS
T€HOB B XpOMOCOMAaX CIOCOOCTBOBAJIHN BBIICHEHUIO
HHUTOJOTHYeCKUX MEXaHNU3MOB 3aKOHOB MeH/1eJis1 1
pa3padoTKe reHeTHYECKUX OCHOB TEOPHH
ecTecTBeHHOT0 oT60pa. HobGenerckas npemus (1933).

B ToM cnydae, Korga reHbl HaXOAATCs B MOJIOBBIX
XpOMOCOMAX, XapakTep HacaeA0BaHUs 00YyCIIOBIICH
IIOBEACHUEM 3TUX XPOMOCOM B MEN03€ U UX
COYETAHUEM PU OIUIOJAOTBOPEHUHU. | eHETUUECKUMU
UCCJICOBAHUSMHU YCTAHOBIICHO, YTO Y APO30UIIbI Y-
XpOMOCOMA, B OTIIMYHUE OT X-XpPOMOCOMBI, 32
HEKOTOPBHIM UCKITOUEHUEM, HE COIEPKUT I'€HOB, T. €.
HACJIEACTBEHHO UHEpTHA. [103TOMY T'eHBI,
Haxoxdlmecs B X-XpoOMOCOME, KaK MPaBuio, He
UMEIOT aJUIeNIen B Y-Xpomocome. B cuiy atoro
pELECCUBHBIE TE€HBI B X-XPOMOCOME I'€TEPOraMeTHOIO
oJ1a MOTYT NPOSBIATHCS. ClienoBaTebHO, MTPU3HAKH,
TEHbI KOTOPBIX HAXOAATCA B IOJIOBBIX XPOMOCOMAX,
JOJIKHBI Hacle0BaThCa cBoeoOpa3Ho. [IpusHaku,
omnpelesieMble FeHaMu, HaXOasumMucs B X-
XpOMOCOMAaX, Ha3bIBAXOT IIPU3HAKAMU, CLCIVIEHHBIMU C
oJIoM. DTO sABJIEHUE ObLIO OTKPBITO T. MopranoM Ha
npo3oduie.

X X XY




HacJsienoBanue Npu3HaKoB, CHEIJICHHBIX € M0JI0M, IPH IeTEPOraMeTHOCTH MYKCKOI'0 1M0JIA.
Ipsamoe ckpemuBanue. ['eHbl W* — KpacHo# U 'y — 0eJ10il OKPaCKM IJia3.

e Ot cKkpenBaHus OeI0rIa3bIX
CaMIIOB APO30(UIIBI C
KpacHOITIa3bIMU CAMKaMH B IIEPBOM
MTOKOJICHUH BCE TTOTOMCTBO (CaMKH
1 caMlibl) KpacHoriazoe (puc. 50).
CraenoBaTenbHO, I'€H
KPAacHOIVIa30CTH JOMUHAHTHBIMN, a
I'€H, ONPEACIISIOINN OETyIO

X

. ‘_",&"f OKpacKy IJI1a3, peleccuBHbIi. B F2
2 | PN IPOUCXOANT PaCIIEIIEHHE B
Vi ui' OTHOIIIEHUH 3 KpacHONIa3bIX K 1
'-*" Oeonazon Myxe, HO OeJible I1a3a

TOJBKO Y TTOJIOBUHBI CAMIIOB, CAMKH
BCE KPACHOITIA3bIC. ITO KAKETCS
OTCTYIJIEHUEM OT MEJCICBCKUX
3aKOHOMEPHOCTEMN.
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HacJienoBanue npu3HaKoB, CHEIJICHHBIX € I10J0M (OKpacKa 11a3), y Ap0o30(ubl.
OoOpartHoe ckpemnuBanue. I'eHbl W* — KpacHOU U Yy — 0€JI0M OKPACKH IJ1a3.

* B oOpaTrHOM CKpelMBaHUH, KOI/Ia
Oenornasas caMKa CKpeIIMBaeTCs C
KPaCHOIJIa3bIM CaMIIOM, B IIEPBOM K€
ITOKOJICHUH HAOJII0AaeTCs paclieIyicHUe
B oTHouIeHnu 1 Genormasag : 1
KpacHomazas. [Ipu aTom 6e1oraa3siMu
OKa3bIBAaIOTCS TOJIBKO CaMIIbl, a BCE
CaMKH KpacHOIIa3bIE, T. €. 10YEepPH
HACJIEIYIOT KPacHYIO OKPacKy Iia3 OT
OTIIOB, & CLIHOBBS O€JIBII IIBET IJ1a3 —
OT Marepen. Takou Tvl nepegayun
IIPU3HAKOB OT MaTepeul CHIHOBBSIM, a OT
OTILIOB JOYEPSM IOJYYHJI Ha3BaHUE
HACJIEIOBaHMS KPECT-HAKPECT, WIIN
kpucc-kpocc. B F2 storo
CKPEIIMBAHHUS TOSBISIOTCS MYXH C
000MMM IIpH3HAKAMHU B PAaBHOM
oTHomeHuM 1 : 1 Kak cpeau caMoK, Tak
Y CpEOU CaMIIOB.

® 3aKOHOM€pHaH CBsA3b HACJICAOBaHUA
IMPU3HAKOB C I10JIOM COOTBCTCTBYCT
I'MII0TC3¢C O HACJICJOBAHHNH I10JI1a YCPC3
ITOJIOBBIC XPOMOCOMEI.




anIMepr HaCHe,EI,OBaHVIFI NMPU3HAaKOB, CLI,eI'IHeHHbIX C NoJIOM

HACIMEODBAHVE QANBTOHNEMA _"
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[TpucyTCcTBME TOMBKO O4HOWU

annenv 1 B eQnHNYHOM uncne y |

OVNNONaHOro opraHu3ma HocyTenbHmua
AaneToHn3IMa

Ha3blBAETCH 2eMU3U20mHbIM

COCTOSIHNEM UNU

300pOBbI

2emusuzomou e ~ l
n (40) (M I
XX X x: X4y
300pOBasn HOCHTENbHWLE 300pPOBLIV DanbTOHMIK _j
- ‘ | ,,/ F\ Ecau Ha3BaTh OCHOBHBIE XapaKTEPUCTHUKHU
‘ (v \\xhx/ X- CLEIJIEHHOIO PELIECCUBHOTO
i 4 HaCJIeIOBAHUs, TO OHU OyTyT TAKOBBIMHU:
3nopoans Konusma — wocurensmnia - 0OBIYHO 3a00JIEBaHKE MTOPAKACT
A0\ = R - (PEHOTUMUYECKHU 370POBBIC )KEHITUHBI
Fi w !‘x, (v) | Ml SBJISIIOTCS T€TEPO3UTOTHBIMU
NN TINS.COMPIUNGL) < MNP - Cpelu ChIHOBEU TETEPO3UTOTHBIX
[3 X-NOANGODNGE 6 FOHOM  rbomoton & omane  MATEPEH COOTHOIIICHHE OOJIbHBIX U
e piiasice: TSR 3 OpOBBIX COCTABIISAET

Pue. 84. Cxema nacaedosanun semopunuu 1'1
. 1.



[eHeanoau4yeckul memoo

ApkUM NpuMepom X-CLUENNEHHOro PELECCUBHOMO TUNa HacneaoBaHns ABNAETCA
HacnenoBaHwe remModunuK B Lapckux gomax Esponsi.

Koponesa Bukropua 8 AHrnum .reuocbunle O YKeHwmna
é (5 HOCUTeNb
Anuca %ﬁ:ﬂ:&"" Neononbp  Beatpucca
Mpeua Anexcanapa | Hukonai || Anuca Bukropua- Anbd)ouco Mopuc
Esrenna
g Vlcnamm
Bonbagemap eHpu Anekcen BuckolT Anbconco
8 Mpyccum B Mpyccun 8 Poccum Tpemarau 8 Vicnanun

cnonb3oBaHue reHeanormyeckoro MeToda NoKasarno, 4To anI poaACTBEHHOM
6paKe, no cpaBHEHWKO C HEPOACTBEHHbLIM, 3HA4YUTENIbHO BO3PaCTaceT BGpOﬂTHOCTb
NOSIBNEHUS YPOACTB, MEPTBOPOXKAEHUN, PaHHEN CMEPTHOCTU B NoToMcTee. B
POACTBEHHbIX BpaKkax peLeccrBHble reHbl Yallle NepexoasT B rOMO3UroTHOe
COCTOAHUE, B pe3yanaTe pPa3BnBaOTCA T€ WU UHbIE aHOMaun.

{57 MyShared



HepacxoxaeHune nonoBbIX XPOMOCOM

Kaneux BPUIKEC (1889 -1938)

amepukaHckmn buonor, YneH HauyyoHansHon AH CLUA. OkoHumn
Konymbuncknin yumsepeuntet (1912). B 1910-1915 rr. paboTtan Tam xe, B
1915-1938 rT. - B uHcTUTYTE KapHern B BawwmHrtoHe. OCHOBHbIE Hay4YHble
nccnegoBaHus NOCBsLLEHbl paspaboTke XpOMOCOMHON Teopumn
HacrneCcTBEHHOCTU. Y4acTBOBan B Knaccuyeckux paborax, NpoBeeHHbIX B
1912-1923 . nog pykosoacTtsom T. X. MopraHa 3anoXuBLIErO OCHOBbI 3TOM
Teopun. MIyyan XxpoOMOCOMHbIE MeXaHN3Mbl onpeaeneHns nona.
CdpopmynumpoBan Teoputo reHeTuyeckoro 6anaHca, ¢ KOTOpon CBA3aHO
onpegeneHne nona X1MBOTHbIX, ycTaHoBWUI (1916) rpynnbl cuenneHuns y
Ap0o30dUIibl U CBA3b 3TUX Py € onpegeneHHbIMNU XpOMOCOMaMMU.
WccnegoBan cTpoeHue NonmTeHHbIX XPOMOCOM HaCeKOMBbIX.

B ooHom n3 npmBegeHHbIX
BbILLE CXeM ObIno
noKasaHo cKpellmBaHue
Ooenornasomn camku
Opo3odunsl ©
KpacHornasblM camLOM.
[lpn aTOM B NepBom
MOKOMNEHNN NnosyvatoTcs
Oenornasblie camubl 1
KpacHornasble CaMKu, Tak
Kak HacnegoBaHme naget
KpecT-HakpecT. OgHako
MHOrga B TAKOM
CKpelLuMBaHMN NOSIBNSIOTCA
eOVUHNYHbIE KpacHornasble
camubl n benornasble
CaMKM, TaK Ha3bliBaemMble
NCKITIOUYNTENBHLIE MYXU, C
yactoton 0,1—0,001 %.

BriepBble Ha 3TO ABreHne
obpatun BHUMaHUE
MOJ1040W COTPYAHUK T.X.
MopraHa K.bpugxec.



Bpuaxkec 06bACHMMN 3TN UCKMOYMEHUS, NPEeAnonoXuB
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HepacxoxgeHne X-xpoMocom y
Drosophila, ckpelunBaHne camok white c
camuamu gUKoro Tuna.
(Sinnott-Dunn-Dobzhansky, Principles of
Genetics, 1958.)

BO3MOXXHOCTb OCODObIX aHOMarnuMn B MexaHn3ame menosa. B
1916 r. OH Nokasan, YTo B Meno3e y Apo30odusbl
OEUCTBUTENBHO MOXET UMETb MECTO HepacXOoXaeHNe
NOSI0BbIX XpOMOCOM. [Ipo3odomsia UMeeT YeTblpe napsbl
XPOMOCOM: TPU ayTOCOMbI 1 [B€ MNOSIOBblE XPOMOCOMbI. Tak
Xe KaK 1 y YenoBeka, caMku nmetot Habop XX, a camubl XY,
T.€. BCE caMLbl MO reHam, cuensieHHbIM C X-XPOMOCOMOWN,
ABSIAOTCA reMU3UTroTHLIMM (MOoNy3nroTHeiMu). Ctano ObITh,
Kaxkgas HopmarnbHasa MyXckad rameTta byget HecTu nnbo X-,
nnoo Y-xpomMocomMmy, a BCce SNLEKNETKN X-XxpoMmocomy. B
CKpeLmBaHUSX caMOK, TOMO3UIOTHbIX N0 X-CLEMNSIEHHOMY
npuaHaky white (benornassle), ¢ camuamm AUKOro tmna
(kpacHornasbiMu) BCe NOTOMKU-CaMubl, Oyay4mn
reMU3UToTHbIMU, JOIMKHbI UMETb Bernble rnasa, Kak u nx
rOMO3UroTHble MaTtepu. Bce govepu gormkHbl BbITb
reTepo3nroTHbIMN U UMETb HOPMaribHblE KpacHble rnasa.
Bpuaxkec nokasan, YTo OTKITOHEHUSA OT 3TOro npasuna
CBsi3aHbl C HEPACXOXOEHNEM MATEPUHCKNX X-XPOMOCOM, YTO
NpUBOANT K 0Opa3oBaHUIO ANLIEKNETOK NGO ¢ AByMS X-
XpomMmocomamu, nnbo Boobule 6e3 Hux. lNocne
OnNnoa0TBOPEHNS CNEPMUSAMM camMua ANUKOro TUrna BO3MOXXHO
obpasoBaHue 3urot YeTbipex Tnunos: XXX; XXY; XO; YO.
3urotbl YO He oBHapyKeHbl, B CUIY UX
HeXn3HecnocobHocTn. OcTanbHbIe TPYU TMNAa 3UToT
OEeuCTBUTENBHO OBbHapyxuBaTcs. CyllecTBOBaHME TakuUxX
MYyX NO3BOMAET AenaTb BbIBO4 OTHOCUTENBHO MEXaHU3Ma
onpegeneHust nona: a) XXX |

“(PEHOTVG) xxy |
B) XO -cbeHoTMN camua (CTepunbHbIM) CnenoBaTesibHO,
JoeHOTMNNYECKMIA MON Y NNOA4OBON MYLLKM 3aBUCUT OT Yyncna
X-xpomocom. OgHa X-xpoMocomMa ornpegensert nosn camua,
Bonbluee NX YUCNo — NOoJST CaMKKU. Y-XpoMOcoMa Takxke
BNUSIET Ha onpeaeneHne nona, nockosbKy camubl XO
CTEPUNbHBbI.



BTopuyHoe HepacxoxgeHne XpoMoCcoMm

« CkpelwmBasi Nf1000BUTbIX
NCKMIOYUTESbHBIX Bernornasbix Camok
XXY ¢ HopmMarsibHbIMU
KpacHornasblMm camuamm u
aHannaupys nx notomcteo F1, K.
BpuaXXnc oTkpbIn BTOPUYHOE
HepacxoXaeHne XpoMoCcoM MNpu
menose y camok XXY (puc.),
NOCKOSbKY cpeaun opraHnamoB F, 96%
caMoK MMenun KpacHble rnasa v 4% —
bensble, Toraa Kak cpean camuoB 96%
Obinin 6enornassivMm U 4% —
KpacHornasbiMu.

« B 3aTOM cny4ae npun Menose camku
cropmaomn KXY MPOAYLIMPYIOT raMeThbl YeTbIpex
@’f/ TUNOB, B KOTOPbIX XPOMOCOMbI X 'Y

éf pacrnpenensoTca HeoAMHaKOBO

(ANLEKITETKN C XPOMOCOMOWN X,
ANLEKNETKNU, MetoLme no ogHomn
xpomocome X 1Y, anuekneTka ¢
OBYMSt XpoMocoMamu X u

FIIZLI,GKJ'IGTKI/I JINwb C XpoMOCOMamin
Y).
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*OnNnogoTBOpEHNE ANLIEKITETOK KaXXO0ro 13
9TUX TUMOB cnepmMaTo3ongamm
HOpPMarbHOro KpacHormasoro camua
NpUBOAUNO K 00pa3oBaHU0 3UrOT BOCbMU
TMnoB. OgHaKo aTn 3uUroTbl byayT
doopmMumpoBaTbCHa HE C OANHAKOBOM
4aCTOTOW, NOCKOSIbKY MENO03 Yy caMoK XXY
CBA3aH C TeM, YTO pacxoxageHune OByX
XpOMOCOM X MMeeT MecTo nulb B 92%
oBouunTOB. OOBLACHAA BTOPUYHOE
HepacxoxaeHue xpomocom, K. bpuaxuc
aonycTun, 4to Bce benornasbie n
OTAEeSbHblE KpacHOrnasble CaMKkn OOSTKHbI
obnagaTb HEe TOMNbKO Napon XPOMOCOM X,
HO KU XpomocomoWn Y, Toraa Kak
KpacHornasble camubl B OTNINYME OT TaKmUX
camMuoB, OTMeYaeMbIX Npu NepPBUHHOM
HepacxoXaeHUn, OOIMKHbI UMEeTb Y-
XPOMOCOMY U ObITb MNNOAOBUTLIMU. YTO
KacaeTcs oTaesrbHbIX 6enornasbix
camMuoB, TO OHM OOMKHbI 0bnagaTb 0gHON
XpomMocomMoun X 1 AByMA Xpomocomamu Y.
OTn pgonyuweHna K. bpnoxmc nokasan
LMTOMOrM4Yeckn, Hanas B cCoMaTUYeCcKux
KIeTKkax apo3odunbl XpOMOCOMbI BO BCEX
CoYeTaHusX, NpMBeaEHHbIX Bbille. OTO
OTKPbITUE BbINO NOKa3aHO Ha NpUMepe n
OpYyrux opraHM3MoB
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HacnepoBaHue nNpu3HakoB, CLUeMNsIeHHbIX C
nonom (oKpacka tena), y aposodunbl B

cnydae cuenneHuns X-xpoMocom:
y* — cepas, y — xenTtasl.

J1.B. MopraH B 1922 r. nokasana, Yto BTOPUYHOE

Morgan ( ypoxdernas Camncon, 7 HEPACXOXAEHNE XpoMocoM MoxeT gocturate 100%,

ecrnn Hepasowleawmnecd XpPOMOCOMbI OKaXyTCS
domanyeckm ceasaHHbIMU. [py cKpelumBaHNUM CaMKu,
MMEBLLEWN PEeLIECCMBHYIO XXeNTYH OKpacKy Tena,
cepoTenbIM CaMUOM BCE CbIHOBbS OKa3biBalnChb
BCerga ¢ OTUOBCKUM MPU3HAKOM, a JodYepu — C
MaTtepuHcKuM. LinTonornyeckn obHapyxunu, 4to B
9TOM criyyae aBe X-XpOMOCOMbl CaMKW, HECYLLNE TeH
XKEenTonm oKkpacku Tena, UMerT OAHY OO0LLYyIo
LEeHTPOMepY 1 No3ToMy BeayT cebsi Kak oHa
xpomocoma. [Npu peagykKuMoHHOM LENEeHUU OHU
NOCTOSAHHO OTXOOAT BMECTE B HanpaBUTeSIbHOE
TenbLue Unu B ANLEKNETKY U NOTOMY Oblfn Ha3BaHbI
cuenneHHbIMM X-XxpoMmocoMamun. Takas camka, Kpome
cueneHHbIX X-XpOMOCOM, UMEET eLle n Y-
XPOMOCOMY, KOTOPYIO OHa Mnosiyyusna oT oTua.
[ToaToMy y Hee obpasytoTca ANLIEKIIETKN OBYX
COPTOB: C ABYMS CLUENeHHbIMU X-XpoOMOCOMaMn U C
ogHon Y-xpomocomon. 3 anuekneTok nepeoro tmna
Npn onsIo40TBOPEHUN pa3BMBaAETCH caMKa,
nosfiyyaroLiaa ot MaTepu 2 reHa XenTom oKpacku
Tena. Camupbl XXe nonyyaroT oT MaTepn Y-XpOMOCOMY,
a oT oTua X-XpoOMOCOMY C reHOM Cepoun OKpacku
Tena.

JTnHug, HecyLwas cuenneHHble X-XpoMOCOMbI U
rOMO3UroTHas no reHy y, boina HassaHa double
yellow (gBonHas xxentas).

HacnenoBaHue nNpy HepacxoXaeHun U CLEnneHum
MOMOBbIX XPOMOCOM SIBNSAETCHA NPSAMbIM
[l0Ka3aTenbCTBOM TOrO, YTO reHbl HaxoasATcs B
XpOMOCOMaX, T. €. XPOMOCOMbI SABIISIHOTCS
mMaTepuanbHbIMU HOCUTENAMM HacnNeaCTBEHHOCTMU.



« (From left) T.H. Morgan,
Lillan Morgan, and their
daughter, Dr. Isabel
Morgan Mountain, in
Norway in the mid-1930s
during a Scandinavian
trip to collect T.H.
Morgan’s Nobel Prize.
Also pictured are children
of Drs. Otto and Tove
Mohr, who were close
friends of the Morgans.
Courtesy MBL Archives.




[pyrue cny4an HapyLLIeHUS pacrnpeaeneHuns NoroBbiX XPOMOCOM

Mo3aun4Hbin
A TMHaHZpomMopd
©abouknPapilio

androgeus.

BunaTtepanbHbIn
rmMHaHgpomopd
Polyommatus
amandus

XPOMOCOM

PacnpefgeneHne nonoBbiX XpOMOCOM MOXET
HapyLaTbCH He TOSTIbKO B Menose, HO 1 B MUTO3eE.
B pesynsrate a10ro, B 4aCTHOCTU, MOTYT
NOSABNATLCA TMHAHAPOMOPMLI.
M'MHangpomopcpunam — aHomanus

pa3BNTUA OpraHM3mMa, Bblpaxatlowadaca B TOM, YTO
B OHOM OpraHm3me KpynHble y4acTKu Tena
MMELOT reHOTUM N MPU3HaKM pasHbIX NOSIoB.
AsnaeTca pe3ynsTaToM Hanuyuma B MYXCKUX K
XKEHCKUX KIeTKax opraHnama HabopoB NonoBbIX
XPOMOCOM C pa3sHbIM KONIMYECTBOM MOCNEaHUX,
KaK Hanpumep y MHOMMX HaCeKkOMbIX.
[MHaHOpOMOPdUN3M MPOUCXOOANUT Kak pesyrnbraT
HernpaBWIIbHOIO pacnpeaeneHna NonoBbIX
XPOMOCOM IO KIfeTkam B X04e HapyLUEeHHOro
CO3peBaHNA ANLIEKNETKN, €€ ONNOAOTBOPEHMNSA
nnn gpobnenuns. Ocobn — rmHaHgpomopdobl
Hanboree SPKO BblpaXXeHbl Y HACEKOMBbIX C YETKO
NPOABNSAWMMNCA NPU3HAKaMm NosioBOro
anmopdurama, npu aToM MopdosiIorMyeckm
BbIOENSATCA creayoLine TUrbl
rMHaHOPOMOPJOOB:

BunaTtepanbHble, Y KOTOPbIX 0gHa NpoaosibHasd
NosIoBMHA Tena MMeeT NPU3HaKM MY>XCKOro rnona,
apyrasi — XeHCKOro;

nepegHe-3agHue, y KOTOPbIX NepeaHsia YacTb
Tena HeceT Npu3Haku ogHoro nosna, a 3agHas —
APYroro;

MO3au4Hble, Y KOTOPbIX NepemMexatoTcs y4acTKu
Tena, HecyLuue Npu3Haky pasHblX NOsioB.



P xc. 6. MNargmpomopd mpocod e (Mpakad yacTs Tena —
MYHCKOID THITA» JIEBAA — HeHCKOID)

[MHaHOpoMOpdbI MOTYT BO3HMKATbL Creayowmm
obpasom: byayuiasa ruHaHgpomMmopdHas ocobb
HayMHaeT cBoe pa3BuTue n3 aurotbl 2A + XX (oBa
Habopa ayToCcOM 1 Be X-XPOMOCOMbI), T. €. KaK
XeHckas. OgHako nepBoe MUTOTUYECKOE AerneHune
3UroThbl MPOMUCXOANT HEHOPManbHO. [loyepHee A4po
coaepXxut nocrne genenusa 2A + XX, a BTopoe
nedekTHo u coaepxunt 2A + X, Tak Kak ogHa X-
XpOMOCOMa MO KakKNM-nbo npuymHam Obina ytepsHa.
3aTteM cnegyet HopMarbHoe aerneHune aaep. Knetku,
nmMmetrowime ase X-XxpoMoCOMbl, Jal0T TKaHW XXEHCKOro
TMNa, a KNeTku ¢ 04HON X-XPOMOCOMOW — MYKCKOro. B
9TOM criyyae y ruHaHgpomMmopda ogHa nonoBmHa Tena
MMeEeT NPU3HAKN MY>XCKOro nona, a BTopas —
XeHckoro. Ecnu xe X-xpomocoma Obina notepsiHa npu
bonee nNo3gHeM AerneHum 3uroThbl, TO y4acTOK Tena C
MY>XCKUMMU NpuU3Hakamu byaet MeHblwe. 3TUM MOXHO
OOBSACHUTL CyLWEeCTBOBaHNE r'MHaHAPOMOP(OB, Y
KOTOpPbIX OfiHa YETBEPTb UMM eLle MeHblUas YacTb
Tena NpuHaanexXuT My>XCKOMY TUMY, a ocTanbHad —
XXEHCKOMY.

HekoTopble ruHaHaApoMopdbl BO3HMKAKOT APYrM
nytem. MIHorga nocne menosa nosiBfsieTcs
HeHopMarbHasa AnUEeKneTKa, cogepXxawasa asa
ranfionaHbix aapa. [NockonbKy y HEKOTOPbIX
HaCeKOMbIX BCTpevalTca cnyvau nonucnepmmn, T. e.
NPOHNKHOBEHUSA B SIULEKNETKY HECKOSTbKMX
cnepmaTo3omaoB, TO OAHO U3 ABYX ranfouaHbIX saep
Takon HEOObIYHON ANLIEKITETKN MOXKET
OnnoaoTBOPUTLCS CNEPMATO30MA0OM, HECYLLIMM X-
XPOMOCOMY, BTOPOE — CnepmMaTto3onaom ¢ Y-
xpomocomon". ObpasoBaBLIMECS MPU ITOM 0CODU
ByayT ruHaHgpomMmopdamu.



3Ha4YeHNEe OTKPbITUA ABNEHUS
HEepacxoXXaeHNs1 XpPOMOCOM

° OTKprTVIe HepacxoxXgeHnA XpoMOCOM ABUITOCb
OKOHYaTeJIbHbIM OOKAa3aTeJSIbCTBOM B Ha4ali€ Hallero BekKa
TOlo, YTO lNeHbl JT1oKarnm3oBaHbl B XpOMOCOMaxX.

° (DyH,EI,aMeHTaJ'IbHOe 3Ha4YEeHUNE OTKPbITNA HEPACXOXOEHUA
XpOMOCOM COCTONT B TOM, HTO OHO MOJTIOXKWUJ10 Ha4al10
N3YHEHUIO XPOMOCOMHDbIX MyTaLlMVI N NX MEXaHN3MOB.

*Kpome Toro, oHO o03Ha4ano
obbeanHEHNE NrEHETUKN N LUTONOMNK
T. €. popMmnpoBaHMNE LINTOTEHETUKM,
OKas3aBLUeWCH B HalLle BpeMs
NCKMNIOYNTESTbHO NNOA4OTBOPHOM MpU
N3y4YeHNN HaCrNeaCcTBEHHOCTU U
HacnegcTBeHHOW NaToNnornu
XXMBOTHbIX, paCTEHUN N OCODEHHO
YyernoBekKa.




