%_\ :Emgg,ﬁ

>EEBNER, EENE
> B 3 FAE 32 IR R AL
>BEHL3ZEE (Random mating)
>Hardy-Weinberg-E# & Hi&1E
>RMEEEEETERIELH
>R IR E I R E
R G3FE (systematic process)
«SEUTFE (dispersive process)



EE P FNEE A 15

>3ES (Linkage)
=A (Al, A2) —B (B1, B2) , EHZFr
“ #H3|7%EH ( Linkage in coupling)
A1B1, A2B2, (1-1)/2
 ERES ( Linkage in repulsion)
A1B2, A2B1, r/2
>ESIAFE ( Linkage disequilibrium)



B F 5l A 15

>EEEf kT, BB FERBENMESTER
PR, EEAmEHardy-
geinberg LHNEEERA THRRN AN X

D, = p(A;B;)—p(A;)p(B;)



E A LR EE (D)

Gamete (haplotype)
Frequency, equilibrium

Frequency, actual

Difference from
equilibrium

> ZEEINE: p,=u+s; q,=t+Vv; pg=u+t; gz=S+V.

> XFA B KR, p(AB)-p(A;) p(By)=u-
(u+s)(u+t)=u(1-u-s-t)-st=uv-st




B S INER R H MR

Gamete (haplotype) A;B;

Frequency, PAPE

equilibrium

Frequency, actual

Difference from +D
equilibrium

Frequency, Padg-D QaPg-D Qa.Qg+D
actual




AR EUMHE—ETEANTE

Db et EE M D = D, (1-r)'

B—1r=0.01

——1=0. 05

—A—I':O. 1

—O—1=0. 2

—%—1=0.3

0 1 2 3 4 5 6 7 8 9 10
FEATLAZ BC AL




Rig, (MmAMB, E[R—%
Faik, HEL17.8kb

Haplotype . .

Ap y; TLMME | RS  HAESAEE MR
+ + 4 0.085 0.06 2.8

+ - 4 0.085 0.11 5.2

- + 13 0277 0.30 14.1

- - 20 0.533 0.53 24.9

» Chi-square=0.93, df=1, P>0.5

»D=0.023



AE2: AFEHIE—EED

> P EISHER BB Z B A FRR &

HESBATE

= BE(AIFNBER2 APENLZZECEE M, AL AFBIRINIIR(E
BMEA—FKEEHEFL, F—FkEEE A2
B Al | A2 | Bl1| B2 A1A1B1B1
Bk1 | 0.7 03|07| 0.3 0.2401
Bk2 | 03|07 |03 07 0.0081
: TMShzR: 0.1241
H.A 8 :
SBS84K | 05| 05 (05| 0.5 HREASEER . 00625




F=F

BIRA /N HIBFFNILEZ



F—1 BRA/NRVIEERFE
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AN
T't" oy ‘*~“‘~=
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BIRANEFF

>BEHLENFS (random drift): FE/NEf ke
X S B P R SR - R K R R,
HEFG @A AT

> T A

>3 T3 %



PRI 530 R DO R A (ot

> : AR J9p, nRIESTITE 5P R TN
XBRM PRI 4, (X=k} KR

P(X =k)=C*p“q"™*,k=01,---,n

> XBB{E Anp, FZEAnpq, HHg=1-p

> Bk, WMEKIBALRI R, BRI IIx, AL
UERA AR EEp B AR K USRS T 9

. X

p:_
n




IR ERRIE F E

>Rk, ME—TRIBALR T, IR
x, A LUIERARR DI Ep IR A AR 1T

> WRp, AESERINRER, FARFHI, d,=1-p,,
A2,

V(X
V(p‘po)— ( ‘po) quO

N



INEFE P EEMRGTHENT E

>ANFAEEAMa, aBInZEEqREFEPFAE
HafIMNX Sk hAFIaPMIAIEL(E. IANAEE
BRI, NAEEBARIaBY N, Eik, Fr
EEalg NI AEERTIEEZE A q,, MWIAIRIE
B 2NE R IR 43 16,




ARG

C.N=100; p=0.5 D. N=100; p=0.1




FEEENAOXRR

> BEHLENZE (random drift)

>\

' BEARIE] 91k (differentiation of sub-

populations)

>\

' BHANIRIEE R (genetic uniformity within

sub-populations)

> i & B E BISNnR PN (overall increase of
homozygotes as a consequence of the
dispersion of gene frequencies)




1L 3ZFNIE3Z R #

ITRZREN : MG XRBITSEFRRNMFERAZE, &
L3z = ] /L FE T MEFIERY3ZEL .

MEER LA SIER R ENMFE MG X RN EVIZEE ST

ER A NEE.

» EFAEEYRNEER, BITMEEANES, HAHESE, /V\‘"”
8ok, BHBEAMERME, NEANER, HREERN, B
NS AR, AT R AL R .

o FENEHETR, AREEAR, MUBEEANNMEELER/RXM
BENESLR. —Ril, E0EFTATHEREA, Rak
BERAMEELENEE. EI0BER, REXEEM, B

BHEAD, AWIE?E‘J?E?fT%tJJ A L RN B AR e R AT L

B AR B X RZE RS

o & E AR

I RY: BRMAE2NFNERE

y -




BRI EF A P YL RZ

>HRFEEE(K (1dealized population) E X

« ZECENREERAE, FNEEZEEEE
HiE#;

XA RKESE
= ZN R 12|5'~':F FNMERBHBRHRERNME
B - F*aﬁWAWﬁﬁ%

= NEFHEAIPEH 3E L ;

 REIRE;

- RAEBIRE.
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32 R BT

> ERR— M RRNANFAEE
> INFHER AR E AN
> PBL—HB2NNFAEE

> BLENEHERZEL R, BN FSHASTEE—
HREFESRIBLE51/2N

> 12NE X AR B ALz R #

2N




IR Z RN

1
=4 1—— F,
N ( )




IR R AT

1
F=—+ 1—— =
=g )F

F =AF +(1-AF)F_,

>H1IBESFANEARIL, 33

=(1-AF)1-F)



ZRFHIILZ R

1-F, =(1-AF)'(1-F,)

F =1-(1-AF)'(1-F,)

> INROE-REFHIITIZ ZR 90, tMHEA,

F =1—(1— AF)!



AR NMBIBEFEPRIERZ RE

F=1-(1-AF)'—22 51

>TENEER, S3FEFIHE, HIZERRYSE
REXBSEFEiRE, BIE3Z, HERA
HEWEEREXk. F—FHH, XTidiETEE
ST HEANERELS /), HBE—N/NEE
khagsgiMigmmaamEmd




=ZMARNBEN ZECEHEFILZ R BRI EL

BHAKR/) BEALAZECHEAX
1 5

10 0.050 0.226

20 0.025 0.119
30 0.017 0.081




BB (Founder effect)

> LeBLOR R >R LA M RETTIRES, B
AEROANEEREEN. fim, 28
S FMAR, EmTR—8SRARM LK
LHIANERBE, MEROBHELZ
X LA R EATIR, HosBHne:
B EEERE T /L MA %M
MO, 35 SR HIR L AN AT AE R R
EEGAES, RMESREE YN



MMM (Bottle-neck effect)

> B—ERT, THNOBMERRRA
THEWT (MANERARE) EBEE
ToRE), DUSXEMERET—HEHE,
2 0k BB O B B SR T AE R B R AU BHA K
FER, MAZRMSHMERES, X
BLA B BB ATAEME R A, X AR
S



T ARG XNEHEEE
MR % R ARIF RN



,._.sﬁﬁsﬂ'h&xgﬁlﬂ
EEMZETUHNEE
>R APILZ RABRITL

1

2N
>R R AR EES RS E




>EMBERRSIHAINBIBREEHEE, ATHEE
GIBEFHEPEAEENEN S ENILAE
ABEMRBEMEHERN S EEIE, FHED
BUEf AKX/ (Effective population
size) X—Z, AUHEHEXX/NMNERANFR
N, XEE—BREH &K/ AN BB
AIRAE SN NMNE BB, Eit,
HEnosudiEA e 5BEHARERE
EInZEFEMILZ R



BYEHEXDHHTE
> T3 BREFHE A/ i

(Inbreeding effective
population size)

> RERVEE X/
(Variance effective
population size)




B I B MEH R AR K/

> e 1L R A2 B AR
 HIfR B 32

1 1
~ = AF =

= AR B 32 FEI AR 3Z BT

1




= B M ERNBYE XN
> BEENE A FRUEE

= ATRLEH, XETRIL3Z R E R EIN N
N RN — AN RE . —MRIRRBI TR A5
ZHEM M ER BT EYEANME, XRBREE
RIN KA RFT4.




= B M ERNBYE XN
>R B MEBAFRIEF

 AJLEW
'J\N MR, X

7 _J?»’L

h, ERERMMEH AN BREHEX

VA L' U

W 5k 72 BT B

W o

e M AR



B I B AR A EFHE K/

> REKNEBEHL 57 R RVEHE

* REX/DEEINSHRNEFERRESEERENEE LT,
REAKXPEXABIMNEAR T —MEREFF T FRAVBE.
- NEBEE, BNBESTMESFEINSNT—ATRE
A EHK, FAENMESERBTTRE— 1PN

= MSEERBEMEERIR, BTRFNEFEREEN LNESR,
URENMHNERIMMEEEFENLHER, FENMBRVAR
HERININSAT—RERERERARENR. IMEFSIEBRRREKX
NERHBN, REREEREARNARSMERETFOR
H—Ee3R A, NMERBBEEX/NETEE.

" 1R, BHRNEMGEEATERZEXN/NMNERER, NiE
INBBEEK




B EMEENA %Eﬁiﬁijw]\

> REKXNDMAEBEH 53 B RIEFF

'ﬂa%k¢ .

I¢|

= XPTFHEEEE,

 MTEERHE, XEAKXNX—FHEINEEAAEERE
AL /A (Poisson) ﬁ#ﬁ :EI’I"A (Poisson)
SHHNAEFTHL

. STFEIERE,

. EATLUEH, 2752 K08,



B B MEERABEHE K/

> BRI FREER )

 FEEVYILIERERBLAARERR, AsRiB1#
MRS, 1-sARERBRIECH, FEREHEF
EXZRBA - EFEMPMNBREEX IS

- 2-s 2N
s REAKPMNFRNBEEEF KD,




HEHYNR R FIRRIF
>R RIS E

>R RIFNBEEE



> %1 H

21T IR RS

fEHk L IR SENAM T

> S REHLAZECEfEK, Bls=0,
MnME _EIEENRTF

> M

5 2R AsHE S RFHF T

RENRFF

RZRASHIFE, AnT

2N (2-5)

e (1+s)2|r\]|+(3+ $)(1—s)




=17 FIRRIEE
MR [E) 350 BR Ak 25 B SRR 200007 T
BHEHEAN (sSHEXF)

10 50 100 200 EEPPTF
e 3R Fh 7 B A5 BR EX




ERERRNBE R
HIZR3Z TN

> B 32
> FEHL3ZHEC

> R a e bEHL3ZEL
>R HAE: 1X2, 3X4, 5X6, ===, (n-1) Xn
>EETZLRF: 1X2, 2X3, 3X4, = nX1



BE AT EREEANESE

—— 100-8% =0+ %2-30
—0— 100-8E 0\ 4= 22 -2
—B— 100-8E:0 4 =2-1
—0— 100-H %2-2

—o— 100-H3z2-1

—200 }EEX j—[-*/\




A—E B RRIEE DT/ —REERET,
o MR R R

MTEFE ZELR—NRXFHHE
0.999  0.99 0.95

0.9
0.8
0.7
0.6
0.5




=1 FRREMILZHRE



RESHEEMEERFEER

> RZ5HHE (alike in state)

» IR XA EE R B HEERIE
DNAFF3, HHEIRVThEES) , MFRFRTSHE]

a&EH (1BD: |dent|cal by descent)

Y

 NRBNFNEE

I_I Ny y"]ﬂ bﬂ]IEJ

F%ﬂﬁﬂ‘]

HEFERFRFE—1ZE

55 (BNBHERERY

HI#5



H R BRFILAZ

>0 55 <Bk(related by ancestry)

" MRBIMNMEAEFERNEE, REBRA/E
&;%Aﬂﬂlﬁmﬂﬁ'ﬁ MFR XM EHE X

>3 3Z (inbreeding)

= HHEARBKBIA N MEBEIRZECIRAIE3Z, I
R FBULRZ RRAVIEM, EZRZBAVIRMER
B2 R E A ARREA SR




ldentification of the Single Base Change Causing the
Callipyge Muscle Hypertrophy Phenotype, the Only Known
Example of Polar Overdominance in Mammals

» Ram 198812900 exhibits an inbreeding path with the sire
(S318167) of Solid Gold contributing on both maternal Hﬁ'
and paternal sides of the pedigree. We hypothesized $318167
that this inbreeding path has allowed the region to be l/ \lc
Identical-by-descent, except for the CLPGmutation,

which we propose occurred in the gamete that produced [] ' &—_? H ﬂ '—c

Solid Gold. The C identifies the mutated allele, and D357233 Solid Gold
individuals with the muscle hypertrophy phenotype are \ \ l
identified as solid black sheep; those with normal ' C
phenotype are identified as gray sheep. Wild-type D ' H ﬂ l
chromosomes are represented as gray chromatids. A S 70914 86612 C
recombination event is depicted to have occurred on the
maternal side of the pedigree; however, the event could
have occurred on either or both sides to generate
marker informativeness in the centromeric region of
chromosome 18.

» Genome Res. 2002. 12(10):1496-1506




TR

> 40 5t R ¥ (coefficient of coancestry): fE
—NEREREAMAE, XB— 1 ENFAERES
YR — M ENFAUEE B EHFREHE, X
TR 2 & # (coefficient of parentage)

> B HERNME

PAMEXFY Z BB R MR B "R



J&&%& Fx%_

T2 R
SERRY: BEAE E2 SRR AR
> SRR —AME, MERES R B,

FMEXFR— AR

y -

=

SIEpsgpiiea:g

PEf_FRIRPNFAEE

F=0, BEMREFIAIZ (WFCRA/BEHIZACRFA)
Fi=1, ERETEIARZ (MEXR)

" X RAFT

B35 ENEE

Weinberg ¥4

F=

BPRFREXTFHardy-

HIZR S BRI .

P12 o I:)12(|:)

P

_1_ R,

R



TR AF, ERERSER

>%QE®§!A1A2 P12(F) =2pq(l-F)

>uaEEBAIAL YRR
- HABEBAA2




B3 EHIEZ R

> ZRBIRIZFEAXFY EIRFER R A, BX
RRRIERZRE A

F=1-(3)"" (- f,y)

> RMEAMERE, ERXRYFFF, %R

> FRAEHEE XK RESIEXZ R



PRI B3R RYIEZ B

RIS |
\ ‘ TG AR T AZ ZREF
FAPR KR
A F3EkS, P12 0
FElS, F4BLS, 0.5X Py, 0.5
F4BLS, F5alS; 0.25 X Py, 0.75
F58S3 FeikS, 0.125 X Py, 0.875
FnEzSn-Z Fn+lgzsn-l (%) " P12 1 - (%) -
F, S, F, S, 0 1




BE B3ZMpENLAZE

> RE B3ZFBEH3ZHE (Mixed selfing and random

mating)

> IRIBAANESE ZERIERILZREF,

FnfIXER, A
S ERERAH, FooF ,, Bt
RehsEREEBBES, 1-s% SR i)




Pedigree Chart for
Edwin James Dailey

Cilifford
Roland

James Guy Dailey

B: 1848 in Canada
M: 21 Jul 1878 in
Pierce County

I B: 31 Oct D: 1928
1888 in
Hudson, Wi Clara
ff:":'; D: 04 Dec Amelia
Dail 1947 in Burk
aliey Orange, —
B: 18 May California ) g
1911in D: 23 Sep..
Denver, CO
M: 01 Dec
1934 in
Edwin
Santa
Monica, CA Amy Sam_p_sgng_
D: 18 Oct Margaret :  B:1871in
2001 in Sampson AN Nebraska
Palm : D: 1928 in
Desert, CA ?égf o USA
Nebraska,
USA Jenny M.
D: 06 Nov ! | Potter
Edwin 1964 in o~ B: Abt
James Orange, #» | D: 06 Dec
Dailey California
B: 12 Dec
"r 1942in Los
Angeles, Amos Burr Amos Burr
ﬁa'gg':ﬁ'a Robbins Robbins
: ay = - : -
1982 in Los B: 17 Sep.. B: 1858 in.
Angeles, CA M: 20 Jun.. D: 1931 in
D: 26 Nov.
Augusta M
Butterfield
Daryl Edna
Dailey
B: 12 Mar
1914 in
Andes, MT
D: 05 Oct
= male 1986 in
Orange, Cornelius F. Stout
California Edna Mabel
= female Lo
2 _ | B: 1887 in
| ‘ Janesville,
™ wi
1 D: Mar 1914
in Andes,

MT

Ella Mae Wilkerson

William Guy Dailey

| B: Abt. 1827 in... B

_Mary Jane Kelley
B: 21 Sep 1825 in... 3

Jacob Henry Burk

B: 1823 in.. 4

Harriet Beam

B: 02 Oct 1833 in

Henry J. Potter

B: New York

e

Amy A. Freeman ¢

B: 1839 in NY 5

<No name>
B: England

<Nonamex
B: Canada English

Harry Bg_t}grfield

B: Abt, Feb 1838... 6

Mary Tibbits

B: 10 Nov 1840 in



3
10 11 1;-14

L]

15 16

Unknovsmn or
unspecified sex




BRBILXNRIEE (54)

Osbomdale Ivanhoe

y

Whirllull Kingpin

\\ i
D\, /G

Heindel KC Kirk Jupiter Round Oak Rag Apple Elevatio

8 9

s 4
— (_‘arlm M Ivanhoe Bell
0 0 ‘
/,
< O
How-El-Acres K Bellman-ET *TL

N

~

~

N
A

528 Etazon Celsius-ET TL



>HEEFR, MMEXFYIERIEBRFRAL, AFA
EExMyEERIHFR#TE A -

fxv = P{X=Yy}



{X=y}={x= XpY =Y X = yl}U{X =X Y=Y X = yz}

U{X=X,,y=Y,,X, =y }U{X=X,, ¥y =V¥,,X, =Y,}




—{EEfFa R T

P{X — Xl}: P{X — Xz}: P{y: yl}: P{y: yz}:%

fxy =4 [P =Y 3+ PIX =Y, 1+ PIX, =Y 3+ PIX, =V, }]

%ﬂm?mﬁﬁ E%?&MEM



MEXEHRBBREETLRH

fyx = %[P{Xl = X b+ P{X; =X, }+ P{X, =X }+P{X, =X, }]

>URNMEXZBIEBXZ R, BIF, =0, M4
EXFE B SRHBELERMT,=1/2,

PUIRNMEXZBXRX R, BIF, =1, MME
XFEHCSHHEBFTXRHM 1.



MR BRRIILIZ R

F, = %[P{X1 = y1}+ P{Xl = y2}+ P{Xz = y1}+ P{Xz = yz}] = fXY

FEFARA, — ML RRFTE
MR EARER AL R . BIFHES
KERFEARS|EERARILZ.



M AN FEARR L RRG T

>MEIE R E TR FEFEILE T
?%IEI’JSIZi’J

:%[fAC T fAD T fBC T fBD]



FAMNMEF S —1NMERI AR
FARNILHERY

> Ty XS YR 3R 2 CHIDIE] 1Y
$£48 5% RY I,

= Z: YARXBIER

>t 2 Y SEXH AR FEARATBIERY
+ ?ﬂﬁ'ﬁ%&ﬂ@ﬂ@i‘]

= Z: XARYRER

MERZEXFYH,

=R

fXZ i%[fAZ + fBZ]

fXZ :%[fXX T fXY] :%[%(14_ FX)+

Ty ]



IR AR BER
>RAXMENFRYEIREBFLZRZBANT1/4

fXZ :%[fXX T fXY] :%[%(14_ FX)+ fXY] 2%

> 2 FE e E R NT 14

fXY :%[fAA + fAB + fBA + fBB]

=4[5+ Fa) + 2 + 301+ Fy)] >

> [E] PRI A E AR MA NT1/8



FATIEN (URTHEY)

> A TIEk (Parental contribution) BIENX
> HRAX B RERXAI ST

A B
//LA:X%B:X
X

> S ARRA A S FARRRBRAM




MR 5 FiricE T = AT

> LB R FRIE 2 EEFRYEC5)

EEWE P, P, LBC1-1 LBC1-2 LF2
P, 1 0.498 0.775 0.813 0.702
P, 0.498 1 0.600 0.603 0.723
LBC1-1 0.775 0.600 1 0.833 0.712
LBC1-2 0.813 0.603 0.833 1 0.654
LF2 0.702 0.723 0.712 0.654 1




FAP1FIP2% LN B RZRERK
B NGA

KRit(Z B 124 D IRIEHIE B

ﬂ“P1:>X ﬂ’P1:>X ﬂ’P2:>X

0.75 : 0.63 0.28

0.75 . 0.68 0.26

0.25 : 0.45 0.50



RIBEBXRNRIBE TR ERE

rREAMBEXR, BERZRRERRIETHE

EHF, EZZBMFERZBITENE
filiEF ik F a8




RIEB X RNRIBE TR ERY

SORTE BRI (i>p ) MBEXA
1y 2y ...\ IBHEERY, BRZAI
RIFEZA AgFah .




RIBENRIBE TR E R

>BEBNIME >p, BIMERRIETRIS
gﬁ; %ﬁﬁﬁﬁk%ﬂ%zﬁ%ﬁﬂ'ﬂﬂ'ibkgﬁﬁ

11+F)=1(1+0)=%, 1<i=j<p



RIBENRBE TR ERA

>ORTEANMET (i(>p) FafMMEL, 2, ..., iG]
HFEERY

>AMEIRFERRgFh, BT MRS RF
H5, Eiks, g>i, h>i

Pp< <

sA+FR)=3A+"f,), p<]=I



— 1B IEBX MR RIETF

HIE LRI
S AMIEEEANME > MELRI2E R
HRIFUTE:
1\
1/ f11:%_(1+|:1):%

A

\ fZZZ%(l-I_ FZ):%

Fi=F, =1, =1,;,=0

“—N

W

U1



ME3BIFER M 1502

1 1
7f11+7f21

—
w
| —

[

114 1
> X T T3

X

1 1
7f12 Jr?fzz

—
(@S]
No
[
[

X

1 1
?XO‘F?



TR FE AR 1703

_ 1 1 - 11 11 _
f41_7f11+—f31_2x2+2x4_

)
_ 1 1 _ 1 1o 1 _
=7t t 7T =ax0+ 5x 4=
_ 1 1 - 11,11 _
f43‘7f13+2f33‘2x4+2xz‘



TMESHYZR AR R 3F04



A R W




MERIERZE R BEFT
2N EAEHFEERZRH

fa=Ty=7 Tu=701+F)=%

3
Fo=21,-1=14= 1,

4




F=EARER

> BEHLENFZ (random drift)

> BIRK/NEFEPRIIEIE
»IERZFERZ R
>R A B E KR

> BYEH AT KNS IEEFIFENERR
> e EEEE
»IERZ AR AFRERY
»RARYEMAERITTE



