aKOHOMEpPHOCTH
HacnenoBaHUS

KITeTO4YHO




I110J1 — 3T0 COBOKYITHOCTH MOP(POJIOTrHYECKHX,
(pU3HO0JIOTrHIECKUX, OMOXUMHUYECCKUX U APYTHX
IPU3HAKOB OPraHu3Ma, 00ycJ1aBJIMBAKOIIHAX
BOCHIpOHU3BeaeHUE cede mMoa00HO0ro

* OQHUM U3 TIEPBBIX U BECKUX JIOKA3aTEIbCTB POJIU
XPOMOCOM B SIBJICHUSX HACJECACTBECHHOCTH SIBUJIOCH
OTKPBITHUE 3aKOHOMEPHOCTH, COINIACHO KOTOPOU
10JI HACJICAYETCA KaK MEHICIUPYIOIIMM IIPU3HAK,
T.€. COOTBETCTBYET TPEOOBAHMUSIM 3aKOHOB
Mennens (OIMH r'eH — OJIMH NPU3HAaK; €CTh
[IOJIOBBIE XPOMOCOMBI, OIIPEACIISIONINE IO U
IIOJIOBOE Pa3MHOKECHUE)



[TapHBIE XPOMOCOMBI, OJUHAKOBBIE Y MYKCKOIO M YKEHCKOIO
opraHusMa, HasbiBarOTCs ayrocomamMu (A), a X- u Y-
XpOMOCOMBI — TIOJOBBIMU. B jgumimonaHoM Habope y
YEJIOBEKA CONCPXKUTCA 23 mapsl uiand 46 XpoMOCOM: 22 Tapsl
ayTOCOM M OJIHA Iapa MOJOBBIX XPOMOCOM.

Habop XpomMocoM KEHIMHBI MOXET OBITh MPEACTABIICH
3anuchbio: 44A + XX, a MyxuuHbl — 44A+XY.

[1oJ1, UMEIOIIMM JBE OJIMHAKOBEIE ITOJIOBBIE XPOMOCOMBI (X X),
Ha3bIBACTCSI IOMOraMeTHBIM, TaK KaK OH 0OOpa3yeT TOJbKO
OJIMH THUII TAMET, COAECPKAIIUX X-XPOMOCOMY.

[Ton, onpenensemMblii pa3IUYHBIMU TOJOBBIMH XPOMOCOMaMH
(XY), Ha3bIBaeTCA rereporaMeTHbIM, TaK Kak oOpa3yeT ABa
THIIA TaMET.



Tpu BUga onpegeneHud nona:

* [IporamMmHoe — 1o MoMeHTa OIIOAOTBOPEHHH,
T.€. IOJ 3aBHCHUT OT TOTO, KaKHE SMIICKJICTKH
oOpazyeT camMka (MOpPCKHME KpyIIIbIE YEPBU
KOJIOBparku). M3  KpymHBIX  SIMIIEKJIECTOK
Pa3BUBAIOTCS CAMKH, U3 MEJIKHUX - CAMIIbI




* CMHraMHoOe (XpOMOCOMHOE) —  IION
ONpeesIeTCsl B MOMEHT OILIOAOTBOPEHUS U HE

3aBUCUT OT BHEIIIHUX YCIIOBUH
1) C MYKCKOM reTEPOTraMEeTHOCTBIO

(MJIEKOIIUTAOIIHE, apo3oduiia XY,
npsIMOKpbLIBIE X0)

Q@ XX x JdXYV; Q@ XX x 4
X0
2) C XEHCKOM TIeTepOraMETHOCThIO (ITHIIBI,
0a0ouku ZW, Mok, kio1mbl Z0)
Q@ ZW x 377 Q 720 x JdZ7Z



°* JNUIaMHOE — 1on ompenensercs Hocie
OIIONOTBOPEHUS B 3aBUCHMOCTH OT BHCIIHHX
(akTOpoB  (MOpPCKOM  4YepBb  OOHHEIHI,
yeperaxu)




X-XpomMocoMmbl

darifiesfibHble Y4aCTKu

X- n Y-xpomocom




e B neannenvnom yuacmke X-xpomocomol
(HEeroMOJIOrHYHbIH YYACTOK) COAEPKATCH peleCCUBHbIE
reHbl JaJbTOHU3MA, FeMO(PUIUU, MBIIHCYHOU JUCTPOPUHU
Jlromena, UXTHO3a U JOMUHAHTHbIE TeHbl TEMHOU IMAJIH
3y00B, BUATAMHUHO-YCTOMYHBOI0 PAXHUTA.

. B neannenvnom yuacmke Y-xpomocomoi
COEPKATCH NeHbl THNEPTPUX03a (OBOJIOCEHHE YIIIEeH),
HCKOTOPLIC (l)OpMI)I aJJIEPIun, TuCrucncu, CMHIAAKTHINHN
2-10 ¥ 3-10 naJbIEeB HA HOraX, 00JIbLICEHHUE 10 MYsKCKOMY
THUITY, T€HbI, PEryJIUPYIOIIHE MPOABJICHAE BTOPUIHBIX
[OJIOBBIX MPU3HAKOB Y MY:KYUH (IeHbI, ONpeae/sirome
3TH NPU3HAKHU JICIKAT B AyTOCOMAX).

. B annenvnom yuacmke X- u Y-xpomocom
PACIOJIATral0OTCS I'eHbl 001el IBETOBOM CJIENOThI,
NUTMEHTHOM KcepoaepMbl, 0oJe3Hu Oryuu,
CMIACTHYECKOM NMapanjerum, pequIuBUPYyIOIIEro
OyJLJ1€3HOT0 NMUAEPMOJIN3a, MUTMEHTHOTO PETUHHUTA,
reMOpparu4ecKoro Juare3a, CyI0po:;KHOro pacCTpoucTBa.



I eHbl, Jexanme B HEAJVICJIbHOM YYACTKE X-
XPOMOCOMbI, MOTYT HACJIeI0BATHCH KaK 110
MYKCKOM, TAK U 10 KEHCKOU JIUHUSAM.

IIpu3HaKH, FeHbl KOTOPHIX JIeKAT B HealJIeJJbHOM
y4acTKe Y-XpOMOCOMBI, IePeaarnTca TOJbKO OT
O0TIA K CbIHY. Takon THII HAC/IEIOBAHUS 110
MY’KCKOM JIMHUHU HA3BIBAKOT I'OJIAHIPUYCCKUM.

I eHbl, JIeKAIHME B HEAJJICJABHBIX YYAaCTKAaX X- M
Y-XpoMoCcoM, HACJIEAYIOTCH CIHEIJICHO C I0JIOM.

CxpenmiMBaHHus, KOTOPbIE XapaKTEePU3YIOTCS
B3aHMHO MPOTUBONOJIOKHBIM COYEeTAHUEM
AHAJM3UPYEMOI0 MPU3HAKA M 110J1a, HA3BIBAKOTCS
PEUUIIPOKHBIMHA CKpPeIMBAHUSMM.



e JInua >KE€HCKOTO I10JIa MOT'YT ObITh KaK I'OMO-
TaK M FeTePO3UIOTHBIMHU X*X?, XAX? .

* Jluma My>KCKOTO 110J1a Ha3bIBAXOT
reMusuroTHbIMU XY, Tak Kak TeH U3
aJUICJIbHOM T1apbl IPUCYTCTBYET B
€IMHCTBEHHOM YHCIJIE.



Cxema ckpeluBaHUA MyX
Apo3odoun no uBeTy rnas

W — KpacHble rnasa w— Oenble rnasa

1-0e cKpewinBaHue:

Pp:  XWXW X X"y

G: XV XW, Y

F.: XWVXW Xy

KpacHornasble KpacHormnasble
CaMKWU camubl

2-0e CKpeliuBaHue:

P:  XWXY X XWy
(MMBpwnabl NnepBOro NOKONeHMs)

G: XV, X% XV, y

F2:  XWXW XWX XYWy X%y
KpacHormnasble CaMKn n camubl  ©enornasslie camupbl
CooTHOoLWEeHMe no peHoTMNy 3 : 1



[Tpy peunnpoKHOM CKpeLLMBaAHMNK, KOrga
roMoraMeTHbIN Non ObIN peLeccnBeH
(benornasasi camka n KpacHornasbli camel), B
nepBOM MOKONIEHUN HAbNgannUcb UHbIE
pesynbratbl: BCE CaMku B F. Obinn
KpacHormnasbiMun, a Bce camubl — bernornasbiMu.
Takoe HacnegoBaHMe NonNy4vYuno HaseBaHue
KPUCC-KpPOCC (UNu KpecT-HaKpecCT)
HacrnenoBaHUA: CbIHOBbA HAcneayoT
doeHoTMNNYECKMU NPU3HAK MaTtepun, a Ao4vepu

NPU3HaK oTua.
P:  XWXW X XWy
G: XW XW'y

F.  YXWyw. YWY



e HacnegoBaHve 3aBUCUMOE

OT NOJ1Aa — NPU3HaKKn, reHbl
KOTOPbIX NeXaT HE B NOJSI0BbIX
XpomMocoMax, a B ayTocomMmax, HO
X NPosABIIEHNE Y TOIO NN MHOTO
nona pasHoe. Hanpumep: TemMop
rofioca BbiLUE Y XKEHLLUMH N HNXE Y
MY>KYWH, INbICOCTb KakK
OOMWUHAHTHbIN NMPU3HAaK Y MY>X4K .
N PELLECCUBHBIN Y XKEHLUMH, TUM &
OXXMPEHWS, CTPOEHME NNEYEBOro &% ¢ S
nosica u Tasa u T.4. =G~




HapyLweHua pacxoxpgeHus
NOJIOBbIX XPOMOCOM

* HapylLieHne MOXeT nponucxoguTb B peayKLUUOHHOM
geneHun (No NMHUK maTepn):

44AXX 44AXY
] ] 0 O
22A 22AXX 22AX 22AY
0 [ 0 [ 0 0O 0 [

22A  22A ZZAQA// /ZA/ 22A/ 22A! 22A!

44A///

Takou reHoTUN TakKe BO3MOXXEH MPU CIIUAHUN FraMET:
Q 22AX + ' 22AXX =44AXXX



* HapyLieHne MoXeT NponcxoanTb B
9KBaLMOHHOM AeneHunu (No NUHUM oTua):

A4AXX 44 AXY
[] [ [ [
22AX  22AX 22AX 22AY
0 [ 0 [ 0 [ 0 [
22A/ 22A/ 22A/ 22A/  22A// 22A 22A! 22A!
44)/// /

Takou eeHOmMuUM 803MOXKEH MpuU CrIUFHUU 2amem:
Q 22AXX + d'22AX = 44AXXX



[1OMWHAHTHBIN NN PELEECCUBHbIN
anrenb Bbl3biBAET NPU3HaK

B romo- unm reMmMsnroTHOM COCTOSAHUNM
HaxXoAunTCA ariJi€ellb

XAXA — noMUHaAHTHas roMo3nroTa

XX? — peLieccmBHas romo3mnroTa
XAX? - reteposurora

XAY, X3Y — reMnauroThbl



[Ilpumepbl pelleHna 3agad

H - reH HopMmanbHOW CBePTbLIBAEMOCTU KPOBU
h - reH remocdunnuu

P. Q Xvx" g’ X"y

G: X#, X" XY

F1: X*XH XHY XHXP XBY 25% GosbHbIX OeTel

Y’ reH runeprpuxo3a
P: Q XX x g Xy
G: X XY

F1: XX, XY* 50% 6onbHbIX AeTen (Bce
MV>KCKOro nona)



CuenneHuve reHoB

Kaxxgas xpoMocoma B KapHOTHIIE YEJIOBEKA HECET B
ce0e MHOKECTBO I'€HOB, KOTOPBIE MOT'YT
HaCJIEA0BATHCA COBMECTHO.

3aKOHOMEPHOCTH HACJICAOBAHUS T€HOB,
JTOKAJIM30BaHHBIX B OJJHOM XpOMOCOME, JOIKHBI OBITh
WMHBIC, YEM IIPU HE3aBUCUMOM HACJICIOBAHUM.

SBI€HME COBMECTHOIO HACJIEI0BAHUS T'€HOB OBLIO
BIIEPBbIE ONMUCaHO [IeHHETOM, HAa3BaBIIIMM 3TO SABJICHUE
“NIPUTAKECHUEM T'€HOB .

Tomac I’ eHT Mopras u €ro COTpyaHHUKH MOAPOOHO
MU3YYMJIM SIBJICHUE CLICTUICHHOIO HACJIE€A0OBAaHUS T€HOB U
BBIBEJIM 3aKOHBI CIICIIJICHHOTO HacjegoBaHus (1910).



e [pynna cuenneHusa - smo
COBOKYIMHOCMb 2€HO08, JIOKariu308aHHbIX 8
OOHOU XpOMOCOME.

* Yucno rpynn cuenneHnn anga Kaxxaoro
BUAa paBHO ranfiongHomMmy Habopy
XPOMOCOM, a TOYHee — paBHO KOINMNMYeCcTBY
nap roMosfIorMyHbIN XPOMOCOM.

* Y yeroBeka nosmosas napa XpoMOCOM
HEromMonorn4Ha, N0O3TOMY Y >KEHLLWH rpynn
cuenneHna —23, ay My>X4unH — 24 (22
rpynnbl cuenneHnsa - ayToCoOMHbIE U ABe MO
NONoBLIM XpOMOCOMaM X U Y).



Cxema onbITOB CKpeluBaHUA
aApo3odunbl (MopraH)

B — reH, onpegensatowmnm cepoe Teno
B — reH, onpeaensoLlmyn YyepHoe Teno
V —reH, onpegenaoLwmnm annHHble Kpblbs

v — FeH, onpeaensaoLwmm KOpoTkMe Kpblfib4a (3a4aToyHble)
1 OINbIT:

i Q \E:I-_VB " 7 gl:ﬂ:v i

cepoe Teno YyepHoe Teno
ONWHHbIE KPbIbS KOPOTKNE KPbInbs
[ B—_I: __I: B
V \Y;
F.: I\BFH: B cepoe Terno
Y OJTMHHbIE KPbINbs

« Habnogaertca eOuHoobpasue rno gpeHomurly u 2eHomury



e 2 ONbIT:

p. O fﬂ B X

G: I?/ 1{}
F.: BF ‘llB
V

Vv
cepoe Tesno
AJTMHHbIE KPblJ1bA

50%

A,
o

’ Vv

a1 18

V Vv
YyepHoe Terno
KOPOTKME KPbINbs

50%



e 30NbIT:

SRS | P

G: 18 13 B
V ,Iv  HekpoccoBepHbie 1 Vv
B B

v, |V KpOCCOBEpPHbIE

T I R <

cepoe Teno 4YyepHoe Teno cepoe Teno 4yepHoe Teno
ONUHH. KP. KOPOT. Kp. KOPOT. Kp. ONNH. Kp.
\ J \ J
Bcerb 83% Bcaro 17%
NOXOXMN Ha poauTeneun He MOoX0XW Ha poanTeneu

* HEKPOCCOBEPHbIE OCOOU KPOCCOBEPHbLIE OCOOU



CuenneHuve reHoB

[ [
norHoe HenosHoe

[ eHbl, HaxogdaLwmecs B 0QHON XPOMOCOME
MOryT HacrnegoBaTbCsd COBMECTHO —
nonHoe cuenneHne, a Moryt ObITb
cuenneHbl He abComnTHO — HenosiHoe
cuenneHue.



KpoccuHroBep

 KpoccuHrosep — obmeH udeHmMuUYHbIMU
yyacmkamu Mexxoy 20MoJsiI02UuYHbIMU
XpomMocomamu, NPUBOASALLNA K
pekoMbunHaumn HacreacTBEHHbIX 3a4aTKOB

N POPMUPOBAHNIO HOBbIX COMETAaHUN FrEHOB
B rpynnax cuenfeHuns.



1) @AMHUYHBIA U MHOXECTBEHHbIN (B Uenrpomepa
OAHOM WUIN HECKONbKUX MecTax),

2) 3achhpeKTUBHbLIN U
HeadpeKTUBHbLIN (OOMeH
OOVWHAKOBbLIMU reHaMu1 UInu
pa3HbIMU NO AP JeKTy,
AOMMHAHTHbLIN Ha peLeCCUBHbIN),

3) NONHbLIN N HENONHLIU (BCe
XpoMaTuabl OOMeHNBalTCA UNN He
BCe),

4)paBHbIN U HEPABHbIU

HaunHaeTcsa B naxmHeme npodasbl 1
MeWno3a, 3aKkaH4YMBaeTCAa B AUNTTOHEME



OcHOBHO€E nNpaBuno
KpOCCUHroBepa

Yem ganblue gpyr ot Apyra pacnosioXeHbl reHbl B
XpOMOCOMe, TeM Oonblle BepOATHOCTb KPOCCUHIroBepa.

Mo yacToTe KpocCUHroBepa Mexay ABYMsi FeHaMn MOXHO
CyAnTb 006 OTHOCUTENIbHOM PacCTOSAHUMN, pa3aensoWwmum
3TU reHbl.

N = B+C/P X 100%
N — paccTosiHue mexay reHamu
B — KONM4ecTBO 0COOGEN B OO4HOU KPOCCOBEPHOMU rpynmne
C - KOonn4yecTBO 0C00En BO BTOPOU KPOCCOBEPHOU rpynne
P - oOwee konnyecTBO ocoden

1% - 3TO paccTtosiHue B 1 MopraHmnay

HekpoccoBepHbIX ocoben Bcerga donblue, 4Yem
KPpOCCOBEPHbIX



3Ha4YeHUue KpocCcuHroBepa

* POJSib KPOCCUHIOBEPA B YBEMNYEHUN
KOMOMHaLWM reHoB (KOMBUHaTUBHAS
N3MEHYNBOCTD),

» Bnarogaps KPOCCUHroBepy UaeT otbop He
Mo LienbIM rpynnam cuensreHunst, a no
OTAENbHbLIM reHam,

* B pe3yJibTaTe KPOCCUHIoOBEPA NoJie3HblE
And opraHn3mMa arnnesrim MoryT ObITb
oTAaerieHbl OT BPEOHbIX



KapTbl XpOMOCOM

* Ecrp paBa BHAAa XPOMOCOMHBIX  Kapr:
Mopgosornyeckue (IMUTOJOIrMYECKHE) U
reHeTu4yeckue (pyHKIMOHAJIbHbIE).

* Mopdosornueckne KapThl II0Ka3bIBAIOT,
KaKHE€ TE€HBI U B KAKOU TIIOCJIEIOBATECIHHOCTHU
HAXOIATCS B XPOMOCOME.
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| eHeETU4YEeCKUe KapTbl — 3TO

NpsiMble, Ha KOTOPbIX yKa3aH
NOPSAA0K pacrofioKeHUsi reHOB B
XPOMOCOME N PaccTosiHME MeXay

4p PEPS

1p PGD
1p ENO1

Xp OTC

Xq G6PD
Xq HPRT
Xq PGK1
Xq GLA

2p MDH 1
2p ACPI

2q IDH1

2q RO2DR
39 258
962C4

16q GOT2
19q PEPD

17q GH
17p GLUTA
17q NF1
17q TK1
17 MYL4
17q THRAI
17q MPO
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AKI. AKS.

MPI. PGMN 1

af
PEPB
mp

21q SOD1

3p ACY1L

qr

4q PGM2

6q ME]
6q GLOI1

10q GOT1

GPT. GUS2.

GSR. MYHI1

ik

tu

1L1p LDHA
11p ACP2
10q PP
10q ADK



* Eciu B KyJIbType CMEIIATh KJIIETKU MBIIIN U YEJI0BEKA, TO MOKHO
MOJYy4YUTh TUOPHIHBIE KIETKH, COJIEpKAIIE XPOMOCOMbBI OJTHOTO U
apyroro Buja. B ruOpuanbeix kiaetkax ot 41 go 55 xpoMocoM, npu
YeM XPOMOCOMBI MBIILIN COXPAHSIOTCS BCE, & yTPAUMBAIOTCS
XPOMOCOMBI YEJTIOBEKA.

* B ruOpuIHBIX KJIETKaX XPOMOCOMBI KaK MBIIIIH, TAK U YEJIOBEKA
(GYHKIIMOHUPYIOT, CUHTE3UPYsI COOTBETCTBYIOIINUE OCIIKH.
Mopdooruuecku KakIyro U3 XpoOMOCOM MOKHO OTIIMYUTD U
YCTAHOBHUTb, KAKME UMEHHO XPOMOCOMBI YEJIOBEKA MPUCYTCTBYIOT
B JJAHHOM Ha0ope, W, CICAOBATEIbHO, BBISICHUTH, CHHTE3 KaKUX
OEJIKOB CBsI3aH C FT€HaMU JIAaHHBIX XPOMOCOM.

* I'uOpuaHBIC KIIETKH OOBIYHO TEPSIOT TY WK UHYIHO XPOMOCOMY
YEJIOBEKA IEJIMKOM. JTO JTAET BO3MOKHOCTh CYATATh, YTO €CJIH
KaKHe - JINOO T€HbI MPUCYTCTBYIOT UJIH OTCYTCTBYIOT MOCTOSIHHO
BMECTE, TO OHU JIOJKHBI OBITh OTHECEHBI K OJTHOM T'PYIIIE
CLECIUICHUS.



=

=
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XpomMoCOMHas Teopus

HacneacTtBeHHocTU T. MopraHa

reHbl JIOKafindoBaHbl B XPOMOCOMaXxX;

reHbl paCHOHO)KeHbI B xpomocomax B
onpe.qeneHHou FINHENHOW
nocrieaoBaTeJibHOCTMU;

reHbl HaclneacrBeHHO ANCKPEeTHbI,

KaXXablu reH UMeeT onpenerieHHoe MecTo
(nokyc) B XxpoMocoMme;

reHbl OTHOCUTENbHO CTaOUNbHbI;
reHbl MOryT USMEHATbLCA (MyTUPOBaThb);

reHbl, NOKarim3oBaHHbIe B O4HOU XpOMOCcoMme,
HacnenyrTCA COBMECTHO, oOpa3ys apynny
cuerisieHus;



XpomMmocoMHas Teopus
HacneaocrtBeHHocTu T. MopraHa

8. YUCIIO rpynn cuensieHUAa paBHO ransiongHomMmy Habopy
XPOMOCOM M NOCTOSAAHHO AN KaXX40ro BuAa OpraHn3mMoB;

9. NPU3HaKN, 3aBUCSLLME OT CLieNIeHNsl TeHOB,
HacneayrTCA COBMECTHO;

10. cuensieHne reHoB MOXeT HapyLLlaTbCS NPOLIeCCOM
KpOoCcCUHroBepa, B pesynbraTte oopasyroTcs
PeKOMOWHAHTHbIE XPOMOCOMBbI;

11. yacToTa KpoccuHroBepa siBnsieTcsa pyHKLueun
pacCcTOAHNA MeXAay reHamMu: Yem dornblLue paccTosiHue,
Tem Oonblue BenMM4YuHa KpoccuHroBsepa (npsamas
3aBUCUMOCTbL);

12. YyacToTa KpOCCUHroBepa 3aBUCUT OT CUNbI cUuenneHud
MeXxay reHamu: YemMm cunbHee cuenfeHbl reHbl, TeM
MeHblle BefiIMYuHa KpoccuHrosepa (oobpatHas
3aBUCUMOCTbD);

13 cuensieHne reHoB U KPOCCUHroBep No3BosNALOT



[Tlpumepbl peweHna 3aaau

A - reH, onpegensaOLWMn KpaCHYH OKpacKy nnoaa
a - reH, onpepensitoLlnmn 3efIeHHYI0 OKpacKy nnoaa
B - reH, onpegensowmmn BbICOKUUN poC cTedns

B — reH, onpeaensownn KapJIMKOBOCTb

SAB =40 mopraHuvpg

A B a B
P. Q =8 X g —a B
G: A B, a B a B
HEKPOCCOBEPHbIE -
A B, a B
KPOCCOBEPHbBIE
F: A B a B A B a B
dB d B a_B a—B
20% 20% 30% 30%

PacctoaHue Mexay reHamu - 40 mopraHua nokasbiBaeT, YTO KPOCCOBEPHbIX

ocoben 40%.

BepoAaTHOCTL KpOCCOBEPHLIX 0CODEN Kaxaoro reHotTuna: 40% : 2 = 20%.
BepossTHOCTb HEKPOCCOBEPHbLIX 0coben kaxkaoro Tuna: (100% - 40%) : 2 =

30%.




