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XX D Genotype frequencyHE E

F CRYIL D554

AT

HWEA B 2R E

1. EHAD YA XN+ KE=LY

2. Allele SAEZEZE MR

3. CO1EGFE(ocus)IZH LNTHEE A ES (random mating)
4. BAEHLZL
5. COBGFEICEWNWTERARZE, BRERIEEEZL



5. BAER

A

3 A2 3R ( Natural selection )

annicsuc cpsmnonEonn Ml
jé?#’.)ﬂﬁl KOEF-ZHEEENENMIZT Charles Darwin (1809-1882)
FYUZLDFH?reEIT L

BAEK. BEERFE —> #EILE (fithess, w)

HWE Under selection
P[AA]" = P[A]? = p? —>  piwg,
P[Aa]’ = 2(P[A] x P[a]) =2pq => 2pqw,,
Plaal’ = P[al? = q? —>  a'wy

HWE <= M3 (selectively neutral ):w; ,=w,=w,,=1 D



3 SK1ZE R ( Natural selection )

SHOFEHEICE (W)

W = p*wyq +2pqwiy + @2 Wy,

IR DA allele freq. Z2P, R DA allele freq. 2P’ T H &,

P = P[AA] + P[Aa]/2 = p? + 2pq
2
PI — P[AA]I ¥ P[Aa]l/z — D Wll:‘__/pqwlz

X Dallele freq. ZibIE

pqlp(wi1 —wyz) + q(wip — wpy)]
w

AP =P'—P =



3 2K 2 IR ( Natural selection )

1. AM1EEIR ( Directional selection )

AA Aa da s 1 &K% 20 ( selection coefficient )

Wi Wi, W3,

VYR 1 1-hs 1-s h : 2% E ( degree of dominance )

pqlp(wi1 —wyz) + q(wyy — wpy)]
w

_ spqlhp + (1 — h)q]
B W

AP =P'—P =




1. ARET4ZER ( Directional selection ) . =

dP e
7 ~spalg +h(p — )l M
CDEPEXNS, POEEICHISEE t ZFHEIT S
1) h=0 (ADERBHE) Z_’; ~ 5pq?
F = %{1 —1Pt "1 _1p0 T lnﬁz((iiig}
2)h=1(ANEL L) ‘;_’; ~ sp2q

t ==
S

1{1 1 P,(1-P)
——+41In



1. AMRINTEZEIR ( Directional selection )

dpP
P spqlq + h(p — q)]

COELEMI S POELICTHNDER tZEHET S

3) h=1/2 (no dominance) d_P ~ lgpq

dt 2

2 Pt(l_PO)
t = —In
s Py(1—P;)

0 <h<1 DhIZDOWWT—BIZ. tIE s IT/EHI
ERELDFZE. BRBRLSBOEEEICROERADHH,S




Q. SOEARM LR D ZBARERIZEAZTEANEIY.
ZDOHREREERIBRFEDOHILEL FaDREEER
X L ClEIGEN1%RENET D, EEED 0,05, 1
D3 DDIHFEIZDULNT, A Dallele FHEN 0.51245

FTITHNSERIOHAFEZENENRD L,

AA Aa ad s : iK% % ( selection coefficient )

Wi W12 W32
208 s 1 1-hs 1-s h : 1% E ( degree of dominance )
1) h=0 (ADNTTEEM) 9 23 112

2) h=1/2 (no dominance) t=? 559 0919 1124
3)h=1 (AL TEEH) 5459 8674 10260



22 : Fisher’s Fundamental Theorem

EEANi R SPEIETOY EFak: ok =y I E o
EDHEHRICEWTHEELINT-BEICED
FEMMEESEEIRITELL R.A. Fisher

w
— KEOFHERSEDHEMAIEME (~ B ELDREDRE)
w

V(w) : #Bn#9E&E {5 5 #X (additive genetic variance. B Z D RE)

Aw  2V(w)

W w2

BIGEEDEEL. FOHRIZENEIHEEHZHFELNH S
MZE->TERESIND 9




s N

3 #K12 3R ( Natural selection )

. ART4EEIR ( Directional selection ) Al

. BEAE2E$R ( Stabilizing selection ) B
[*E 72 #R ( Balancing selection )]

. 7 BE IR ( Disruptive selection ) 3

asmms Before

_— After 10
(en.wikipedia.org)



3 5K 3R ( Natural selection )

. AT E R ( Directional Selection )

Charles Darwin (1809-1882)

|

" {8722 #R ( Balancing selection )

2-1. #8121 ( overdominance )
2-2. JAEIKRTFEEIR (frequency dependent selection )

2-3. ZHR1E:EIR (diversifying selection )

11



3 SR 1ZE R ( Natural selection )

2.

11,2 4R ( Balancing selection )

2-1. #B121% ( overdominance )

AA Aa aa

W& s 1-t 1 1-s s, t: 8RB ( selection coefficient )

pqlt — (s + t)p]
W




2. - 1%71:% #R ( Balancing selection )

;
2-1. #8121 ( overdominance) p = 7 TENMRE

AP > 0

AP =0

AP <0

13



2. - 1%71:% #R ( Balancing selection )

2-2. BEEARTEEIR ( frequency dependent selection )

AA Aa aa
i i l+s(@—p) 1 1+s(@ — @)
s(p — —s(q —
ap = PAs@ =P = s(G = q)ql
w
_ 25pq(® —p)

w

pD>p OB AP >0
p<p OB AP<O0

DEIEBH ., EERRETIE W= Wi =Wy,

N

AP =0 &95E, p=p



2. - 1%71:% #R ( Balancing selection )

2-3. ZHk1E1EIR ( diversifying selection )
- IRBRENISESEANEE

IRIHEE AA  Aa  aa
C, & it FE 1 1-h;s, 1-s,
C, 8 it 1-s, 1-h,s, 1

Waqa = C; + Co(1 — s3)
Waq = C1(1 — hysy) + Co(1 — hys;)
Waa = Cl(]- — 51) T CZ



2. - 1%71:% #R ( Balancing selection )

2-3. ZHk1E1EIR ( diversifying selection )
CIERBREFENICERENEIL

Rat

AP — pql(2C1hysy + 2C3hy sy — €51 — C383)p — (C1hysy + Cohysy — Cysp)]

w

C1h1$1 + Czthz — C151
2C1h151 + ZCthsz — C1$1 — CzSz

AP =0 &F5E D=

Cihys1 + Cohys, < 184

q ] 7 =
C1h151 ~+ CZhZSZ < Czsz ODH#\ =R



2. - 1%71:% #R ( Balancing selection )

2-3. ZHk1E1EIR ( diversifying selection )

C1h1$1 + Czhzsz — C151

AP = . ) =
0 &90& P = o s + 205, — Cisi — Gos,

Q.
C,=0.7, h,=h,=0.2, 5,=0.01, 5,=0.05MDFF, p =



3 5K 3R ( Natural selection )

3. 7 BmEIR ( Disruptive selection )

3

s Before
— Aﬁ:er

18
(en.wikipedia.org)



3 5K 3R ( Natural selection )

BREKRN BEEF —> 8IS E (fitness, w)

Charles Darwin (1809-1882)

H1 37 ( selectively neutral ): wy,=w;, =w,,=1 DEF

FINTETCFDEL > P FLANILTIE—Z 2

rﬁ%ﬁ‘"ﬁd) |:|:| ﬁE;l’u **#i’éf;(;;24-1994)
/i

7/ LEALDARIZKY . TRIFXPIL%
B FDEL 1D —RRIEHEEA

el

ARHEARSF(1933-)



. ILEIE

£ WEIE DT h L% | (Evolutionary neutrality)
[ FHEEDFIER] KRMNEAE, 1968
2 TOEAEDBEISEITIIZLY

D FLARIITIEO LA, FEIR E AL (selectively neutral) 7EEE AV E

> PHLEBHFLALTIE,
AL X B AR, TIRAGRIGHZBIC L TEIE RIS S,
EWVDEZTA,

20



£ WL DT B 31T 1 (Evolutionary neutrality)

[ FEEDPILFH] AKRMNELE. 1968
AL :
1. £THOZEMNEISHITEEERRITRTE (genetic load) N RETES
2. P FELRED—ES (PR TIEELERE SRR EREIZHA)

4
3. AZREMREE > FRIREMREE
(7I/BEBREREISEVERBELLOTLY

http://www.brh.co.jp/research/formerlab/miyata/2005/post_000003.htm|



b 37 1k ( Neutral Evolution )

_I_ Y ANS
1 RAR

*(ax) =

M

E (D [&] T 7 2= ( Fixation probability )

||
%
i
S
[eH
i
#

EDWEEE

INGWEHEIFEF HELPT LY

~
-
& *

<
i
¥
i
3,




b 37 1k ( Neutral Evolution )

I E{EFDEILIEE ( Evolutionary rate )

1
k=2NuxP ﬁ) koY - L Y O B R R
TRLTEY X EEHEE
= 2Nu X 1
— VR 2oN




A allele$SHFE P(A)

SOEAMSL RS —(EAREFICE I o T-1% B FIREREEN
allele S8 0.5 (212 A D IZH h AR
(s=0.01, h=0 DIFZH D EAFF{EIFt=559)

FFFFFFF

>1

=
=

| PopG Settings




b 37 1k ( Neutral Evolution )

I E{EFDEILIEE ( Evolutionary rate )

k - HRSY-EFSEYOEEH#ER

u=trfo T ERAERE

k = urfo

Urfo P—F (RILI-AIEEBEFHRE) LTS kH—F (D FrFEH)
m—> \
fo PUNSWN(EER) ES ILHELHGEL

25



b 37 1k ( Neutral Evolution )

I E{EFDEILIEE ( Evolutionary rate )

ko RHE STy - S L =Y DE R

ERILERFDEEE

107% 107> 10°°




BAELIIR R ATHR SR,

N

Wright® &ET )L (island model)

SHEEREFEBICKESVN(ERKEALGED)

oL (BER) DKXESIEINeT—E (Ne = HXIEFM B A X)
XALEGFHIT 212 KREL BEBIELT FlhalleleZz =57
MAEAF—HALE=YNe x mDEIETEEGFZRME(m = BER)
m [E+53/hELr(m <L 1)

Ht TOERZH F OB EFARNESE. G, (&

G, = 1+1 . G| (1 )?
£~ 2N, 2N, ) 1 m

N: BHERS (X



b 37 1k ( Neutral Evolution )

PILERFDZHERIE (NTOES A

5

BAEGL. RAZEDHYERET HE

HAL TOERXRZRHMF OB2ERRNFEIE. G, (&

1 1
— - 2 . ;': - o~
Gy = 2N, + < ZNe> Gt—l] (1—uw) N, BhEETAX

u << 1 I LI Z

1 _ 4N, u
He =
4N u + 1 4N u + 1

(He: 44K B8 TDheterozygosity)

G

I




PILERET A

HKA test (1987)

Tajima’ s D test (1989)
McDonald—Kreitman test (1991)
Fu & Li’ s test (1993)

Fay & Wu' s test (2000)



PR ET

Ak

McDonald—Kreitman test (1991)

— hUALEEERE EFAEBRENEN-BET—E

AT

ERIFEH tU,
FIZFE#E  tU,

E HENZE

(t+t,)U,

(t,+t,)U,

- EHME




PIERET AR
BEHOICIEZESIMELABNFE - AN

ERICEALTHEKD ! GEIGEEDER ! )

Joumal :Jl'I beredity 2006 :96(4): 388395 i) The American Genetic Assodation. X005, All rights reserved.
daoi: u 093/here Jur For Permissions, please email: joumnaks. permissiors@oupjournals.org.
Advano -""- iS5 pd ublic. 1 Ma

Genetic Coadaptation of the Amylase
Gene System in Drosophila melanogaster:
Evidence for the Selective Advantage of
the Lowest AMY Activity and of Its
Epistatic Genetic Background

H. Arakl, 5. YosHEzUM, M. INOMATA, AND T. YAMAZAK
(Araki et al. 2005, J. Heredity)



P EREETAR

METRIZ[EXZ 2D LNELNTFE -+ XREH?

ERZHLTAHELS ! GBI ELDHFIR!)

1ﬂ L L L e | . «
: ] TEI5—EDRBEYN SRR
= 08 _____/\“’f_'
z | / | > 735—EEREEOEVRITEET
< a6l / _' A Z 1= (=@IGHI)
g - {:_f_.' ,
g 04f SERRE I .
g o \ ] FIS—EORENSES
w02 — - - starch 'ﬁlll A
- (Glucose ] D TIS—UBREHEOEVHILESGRTF
I s P4 S ES /7125
Year 74 an’ a5’ an a5’ ag
Normal ¢ 144 264 ) 384 504 624
Starch o 48 A 188 A 228 384
Glucoss o A o6l 218 M2

. 32
Generation



S—HEEREN
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P EREET AR
METRIIZIZEFOMELNGLMTFE - KRE?
EMRIZRALTHAHAELS ! GEICEIEDEIR ! )

3.5 I i
3.0 — AMY1E + S-background e —
= _—
SZoas 4 . ce e
T 2 > BRIE7IS—EERT
- g_? 20 — Ti(T‘—Gfd:<s %h%gﬁjiﬂgj—é
E @ . DNASEE [, M A>T LN |
Eg - AMY1.E __G_F"?Ei{qm_u_ng - FELjZ :EJ
@ o g - -
w3 =
> 0 - -
E g 1.0
= gl AMY'." + S-background i
0 {l;l T AMY1 -—_G-t:-ad{grc-unu ,

Glucose medium Starch medium
S EEEYIRIE HERE

33



P EREET AR
METRIIZIZEFOMELNGLMTFE - KRE?
EMRIZRALTHAHAELS ! GEICEIEDEIR ! )

A Ta ) NI FIo—EEEFDEEL

REMTIVATIATTARTUOITVENERBES=?
FDE.EBOMEICHEWTI Y ELEEEEZENTIE

ALERRLGE, VRS ZECEHIRBEICHE

ADFELEHIRERIZH5E I

HFERAETMZELIT. FITED .
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