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MRS 500 pink

300 red

total = 1000 flowers

Genotype frequencies:

200/1000=0.2 rr
500/1000 = 0.5 Rr

300/1000 = 0.3 RR
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p=f(A)= ((2 x Count of AA) +(1 x count of Aa)+(0 x count of aa)) / x total number of individuals)
i3 sl Gl 5 yh 32

p= f(A)=(Frequency of the AA homozygote) + (1/2)(frequency of the Aa heterozygote)

pP= f(a)=(Freyuerncy vl uie aa nurnuzyyute) + (L/Z)(Ireguericy vl Uie Ad reerozygote)
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Allele frequencies:

Ul
-
o
P
-
I

500 R 900/2000 =0.45r

1100/2000 =0.55 R
300 RR =600R /

total = 2000 alleles
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Phenotype frequencies
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Genotype frequencies
% Phenotype frequencies

&) Allele frequencies
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X Y
N Y s X oS idaglal 1
recombination event Pseudoautosomal
betweempseudoautosomal
v regions o omalS b 556 f )8 Jas
NS jide X 5050308 5 Y as)ses S
S " . . . »
WL o Y as)ses S pald 4S ] 2
Wl e X psosms S padaS ) 3
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X-chromosome inactivation (XCl) sux

Canl i 050 (S35 83 53 G ) sy (ol £ 5
i 3l 194 J9 0 Jale e
RIRE ) (N e SAalal
X assas S So Salnar 25 Jlad
(Pseudoautosomal) <S_jide 4ali )3 3 ga 90 (slgd ) G2l Jlad e
L8 o CpaXIC 4nli )X psisessS o2 Jad e el
(X-Inactivation Center)
AL o O 28 Adgile s S yin il 4 X e s S (b Jlad ye
Cual XIST ol 4 (55 Jalas aaals oyl
(X-Inactive Specific Transcript)
358 e OB i 50 O Jalad G Y a sy 505 S 550 AS X assas S Ol (2 0 b Jlad e L

13



5 Way stations
P A N T
- ""‘”o~ . (LINES?)

Xist RNA coating
in cis

Establishment of the
inactive

state, asynchronous
replication

@ MacroH2A recruitment
Histone H3 and H4
hypoacetylation

AN
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 0O: yellow
* 0Oo: mixed colour
* 00: non-yellow
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Genotype

Number

a8 ) A& 0 s dba
o]0 Oo 00 Total O o

3 53 117 173 28 149
J |

Total

177

)

f f

L sdla W
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(X-linked) guia 43 4l g cliia ja AT s g 2

Q\J&L_Lu\}DMGA}J}‘@MDMMJJLAMQ:\\JJLSS“LSJ\))SW\AA °

o f(XA): (2 x XAXAfemales), (1 x XAXafemale), (1 x XAY male)

* (2 x number of females) + (1 x number of males)

p=f(XA)=((2 x XAXA females) + (1 x XAX2 female) + (1 x XAY male)) / ((2 x number of females)+ (1 x number of males))

p=f(X®)=((2 x XaX2 females) + (1 x XAX2female) + (1 x X2Y male)) / ((2 x number of females)+ (1 x number of males))

Genotype o]0 Oo 00 Total O o Total
Number 3 53 117 173 28 149 177

J.QASMM\;AWBJSJJ\JJX@\‘B\JS J
ol o uin 53 OV So a0 A (gl AL Sl 8l W) e

17
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pP=f(X©)=((2 x XOXO females) + (1 x XOX° female) + (1 x X°Y male)) / ((2 x number of females)+ (1 x number of males))

Genotype o]0 Oo 00 Total O o Total
Number \3 53 117 173H 28 149 177 |
| f
L sdla W

p=Ff(XC)=((2 x 3) + (1 x 53) + (1 x 28)) / ((2 x 173+ (1 x 177))= 0.17
p=f(X°)=1-0.17=0.83

18
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Genotype o]0 Oo 00 Total O o Total
Number 3 53 117 173 28 149 177

Frequency 002 031 068 1 0.16 0.84 1

In female In male
p =(2*3 +53)/(2*%173) = 0.17 p=28/177=0.16
q=(2*117+53)/(2*173) = 0.83 q=149/177=0.84

Pl Gein 93 G 0 G ) (S5l A (S s ol e

19



Maternal genotype

Genotype of offspring

AlAl | Al1A2 | A2A2
AlAl 305 516 821
A1A2 459 1360 877 2696
A2A2 877 1541 2418

( (Zoarces viviparous) | 4s S se e o si s oy Est-3 (5 oSl (sla 00ld 2 (a3 0 a3

b Lad WAL jo (54~ W

i AL u\.uu P 3 QJ g aala uJ\

&l g

9 a7

S sy i ) el £ g zan Lad s sala g i Gl 2 4S Al AL 4 g 14T

Lyl OLaa] )3 asals

5 uagad a Ladi Jalatiod) W sala o) 4daada L :J\JM

0d gad ibly )3 (g sy )1 AL QI el il Jil8 gl (5 ) S jldia AS Al 1 dlaad dp 500 @ ey

Tal)
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Maternal genotype

Genotype of offspring

AlA AlA2 | A2A2
A1A1 [ 3050 | 516 821
A1A2 | 459 877 | 2696
A2A2 @ 1541 | 2418

Jals il 03 gad 5k 1) ATAL Oldke ) Juala sl Sadd 48 i€ 821 ) (aupal) <€ 305

(%37) < 0250 A1

Jala &) sagad g b 1) A2A2 Otk ) Juala sla Sadli 48 R 2418 ) (ausel) <l 877

(%36) <l 250 AT JV

1
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Genotype of offspring
AlAl AlA2 A2A2

AlAL | 305 516 : d
AIA2 | 459 877 ‘J' =

A2A2 877 1541 2418

Maternal genotype

Sl 020 AT U Jula A3 0 gad H gl 1) ATA2 Ousla ) Jeala s Swadl 4S (5 ) <& 2696 BISIREYREN

D ag ol JLSR) 0 sl bigi) ) o) La i s lak

s % N1y AL Ll ) daat ds 4 aaad (el ATA2 1 1360 ) ealdind LG 3l dga g (8l ) W
¢l DJ)AJL_\ﬂLiJJouP JJLA J\ \J d“ w\ J\J::\‘X%j

Sy el s s o 3s i ol le gl 3125 con a3 3l ki i e
o I 280 A0 Ladi JLEAS o L a Gl 2 AL Jsdy pagad ) Aol ma @gia) i ol ale i gl —
HJLA.\'JJU‘JZ.JJ&QL.\MMJJ \JQL&M\&JJQQ\&\JUSUAJLA —
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J) s

0808 10 ALA2 @isfagsia ¢l sdla ) duala sl Sadd aS 5y il 2696 ) dlaxian
Sl 03 0 A1 JV Jula il 22 ga
G maual e

s L% VDAL I ¢ ATA2 D80 s i Glolke ) daals 80 558 L3 1336 ) dlaei 4y —
L) 02 gal L_ﬁ\_ud

(%34) 255e 1336 3l 3,50 459 13enly —

Genotype of offspring

Maternal genotype
AlAl | AlA2 | A2A2

AlAl 305 516 821

A1A2 1360 2696

A2A2 877 1541 | 2418

23
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24 31 AL QI ) (andlin a8 L] (o oS jLdia A4S alid ) Aaal A £ gada 3 o

(305 + 459 + 877) /(305 + 459 + 877 + 516 + 877 + 1541)

1641 /4575 = 36%

Maternal genotype

Genotype of offspring

AlAl | A1A2 | A2A2
A1A1 |C 305) G 821
A1A2 |C459 )| (1360 )| 877 | 2696
A2A2 (877 )| 1541 | 2418

A DJJAJ QQQJJ ui,wi

24
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Outbreeding
515 3g>9 Aiuwlg i€ Cuo> 9> aS AuS jgai b

ol Jud 2o cume> 95 ul 5> B U5 5999 2S00 0

01=0.8 b2 = 0.1
q1=0.2 q2=0.9
P.,=0.08
Pop.2| B b "
Qp,=0.18
POp'll B BB | Bb
p=08 | 0.08 | 0.72
0:,=0.45
b Bb | bb _
q=0.2 | 002 | 0.8 AF1=0-95




28

Fll

F1 B b
"| p=0.45 | g=0.55

B BB Bb
p=0.45 | 0.2025 | 0.2475
b Bb bb
0=0.55 | 0.2475 | 0.3025

| L ALEIN aga (350 Wb A5l A oALi) ab Ly (sb i AS (o) Anala 2

Talad oo Jon @l () o) Arala dn 3 g al 4l Ap il

P.,=0.2025
He,= 0.495 (0.2475+0.2475)
Q,=0.3025

Dg,=0.2025+1/2%0.495=0.45
0g,=0.3025+1/2*0.495=0.55

Hardy-Weinberg J2

| il 9 A5 s (gl 2 o A e



U S uivg - S, Uil
Hardy-Weinberg Equilibrium

G.H. Hardy |
mathematician |

W. Weinberg
physician
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P=p? > H=2pq , =g

<N, 8laqulapm-ApJeH

P+H+Q=1 , p+q=1

p? +2pq+q%=(p+q) % =1



2505 Jowd o 1 S E9u Jlaiil yogwas ) i 5,90 Wlo 9

U 95 D 5> (SwigiS 1999 USG) il
ad9i5 3D 5999 Slino 51 D uigij Lo SHS > Lsgs sdslaj
3940 paandi (b 5

SaSai Uloy > b=l pace  »

B wwoll Ul w8, pac  »

S59,b Sl Lpoyrwl wbles )5 b px Jolw aswgi (sublgi 5> wolai pac >
0> (sSwos 03lo 3959 pc

UMp> 90 pAE P

Oy>lpo prc b
asol> )JL.UJ (OAY.Y bg.)..zob

S,S AW 0l Hlaul 5,00 5989 = S, SOW b (s=Blg 985 P

o HUail 5,90 5999 =8V 8 5l Jol> gl (s2Blg 5989 >
Aolov 2dei 2l csgsline liows sl 1 (s8W swolod




2505 Jaad o 1 Saii £9a Jliiil yoguas > i 5,90 Wluo 9

B Juw sS>L8l sg, pac 7
D wigij wsulo 0005 w,a8,5 wolai pac .8




The Hardy-Weinberg principle

pols Jous Sy sl aey all )8, 999 6,9 8 5l Sy Al

freq.(A;A; in zygotes) = p?
freq.(A; A5 In zygotes) = 2pg
freq.(As Ay in zygotes) = ¢°




The Hardy-Weinberg principle

Lols HHW sles sl cauous 5> b g S e

Lol H-W (slei S o 5 b gy )SI e
b oo a8 8 U 1 wWlis,d 5l 5)90 x> UL SO ol Sow joud °




The Hardy-Weinberg principle

asS 3,16 39>9 Ulg> )3 oS, zud ;| Sl asels gud (GSK
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Derivation of Hardy-Weinberg formula

Genes Genotypes
Al A2 AlAl A1A2 A2A2
P q
P | g
p | P pg




Derivation of Hardy-Weinberg formula

Genes Genotypes
Al A2 AlAl AlA2 A2A2

P q o 2pq &

p | q
P=p?
p | | pPg H=2pq
=p

qg | pq| &




Derivation of Hardy-Weinberg formula

1. From gene freq. in parents to gene freq. in gametes

Genes Genotypes
Al A2 AlAl Al1A2 A2A2
P q P H o

* freq. A1=P+2H=p
* freq. A2=Q+"2H=q

* Because the pop. Size is enough large
and the sampling variance is so small

Why?




Derivation of Hardy-Weinberg formula

2- From gene freq. in gametes to gene freq. in zygotes

Al | A2
p q
Al | AIAL| A1A2
p | P | pg
A2 | AIA2| A2A2
g | pqg | &F




Derivation of Hardy-Weinberg formula

3- From zygotes to adults (equal viability)
4- From genotype freq. in adults to gene freq. in

progeny
Genes Genotypes
Al A2 AlAl A1A2 A2A2
Parents 0 g P H o,
Offs.(F1)
2 2
Offs. (F2) o pooapg g

P q P 2pq @F




The relationship between gene and
genotype frequencies

P g P H Q
0 1 0 0 1
0.1 0.9 0.01 0.18 0.81
0.2 0.8 0.04 0.32 0.64
0.3 0.7 0.09 0.42 0.49

0.4 0.6 0.16 0.48 0.36
0.5 0.5 0.25 0.5 0.25
0.6 0.4 0.36 0.48 0.16
0.7 0.3 0.49 0.42 0.09
0.8 0.2 0.64 0.32 0.04
0.9 0.1 0.81 0.18 0.01
1 0 1 0 0




The relationship between gene and genotype frequencies

Genotype
fre.

Allele (p) fre.




— Uasb O [P R UJ| 0 wl ClJaJ|)ClS

BB = Black (144)  Bb = Blue (64) bb = white (192)

(595 S (sulg,d 1wl sl wds s ol ¢l Sl asels S
Yoo awl=o |y suwigij 9

P=0.36 , H= 0.16, Q= 0.48 , p=0.56 , q=0.44
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»q=0.00707
»p=1-q=0.99293
»>2pq=0.014




Genes Genotypes H-W Us.ilé L Jool
Al A2 AlAl A1A2 A2A2

p q P H Q
P q o 2pq F
P q ¥ 2pq F

2L p? usy 5 S (solglyd guye U cwl ply 1lp5eSu3908 5999 B

2pq csuy vy S Gulghd ulugs U ol by tlpisSy 960 5989 b

Lo didle> (58L ol 5505 s @ s 5l isuwinss 9 v Sl (solg,d



Genotype DD Dd dd
Phenotype Rh+ Rh+ Rh-
Freq. ! ! 0.16

Sl s Rh+ shls (s8W ool 2lo 51 sisws a> Rh+ *
Sl swoRh- s s8W ol 2lo 5l vy a> Rh+ #




L4

Caldly RO+ ol (AU ol W ) Swd 4 Rh+ *
DD Dd
.36/.36+.48 .48/.36+.48
dd Dd Dd+dd
1 .36/.84 12*.48/.84 | /2*.48/.84

Rh-

48



fAlily o Rh- ol B0 ol g ) Jwad 4 Rh+ * Rh+ &

DD Dd
36/.84 A48/.84
DD
.36/.84
Dd

48/.84 Rh- = dd =v,*(48/84)



=
Test of Hardy-Weinberg equilibrium

Genotype MM MN NN TOTAL
Observed 1787 3039 1303 6129
Number
Freg. P=0.2916 | H=0.4958 | 0Q=0.2126 1

p=P+1/2H=0.2916+1/2*0.4956=0.5395
g= Q+1/2H=0.2126+1/2*0.4956=0.4605

Org=1-p =1- 0.5395=0.4605




=
If pop.is under HW. equilib. by p = 0.5395 & g = 0.4605 we have

Genotype MM MN NN TOTAL
Exp. Freq. P2 2pq q? 6129
Exp. Freq. 0.5395< | 2*0.5395*0.4605 | 0.4605< 1
Exp. Freq. 0.2910 0.4969 0.2121 1
Exp. Num. 1783.9 3045.4 1299.7 6129
Obs. Num. 1787 3039 1303 6129

XZ =%k  (Oi-Ei)? /Ei= 0.027
From table with a= 0.05 and df = 1 then X< = 3.84

51
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" o
K 2

Genotype MM MN NN TOTAL
Observed 1787 3039 1303 6129
Number

Freq. P=0.2916 H=0.4958 Q=0.2126 1
Genotype MM MN NN TOTAL
Exp. Freq. pZ 2pq q-‘ 6129
EXxp. Freq. 0.2910 0.4969 0.2121 1
Exp. Num. 1783.9 3045.4 1299.7 6129
Obs. Num. 1787 3039 1303 6129
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m The Excel Chidist function
AS e dmdaa ) 68 2 e L (Chi-2) 99 (A s ol 4 alsa Jial ¢ Slee (ol m
excel » Sle (pl )i m

CHIDIST (x , degrees_freedom)

(25h 0 = b)) 20 e HIA (L)) 250 GBS m e )5 AS Gl g )lee X m
X= 0027 Nsw () 2 m

(2561010 51 O enesa 230 3l) 31 4a )2 dlaad :Degrees_freedom m
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o b Gl 3855 50

Genotypes Observed # Expected #
Dominant Homozygote " #DIV/O!
Heterozygote [ #DIV/O!
Recessive Homozygote " #DIV/O!

"Put your values here”

X° = #DIV/O!
X° test P value = with 1 degree o

Guad 8 Sl S alg - gla JMai by P<0.05 A -1
Coad (883 ol () andly ALEN 295098 4 o JiI 5 ) jiaS K) -2
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1 Inbreeding
1 Population stratification (population structure)

58



N
Population stratification
(or population structure)
S sl Aaxala o) m o Al sla (g8 ) Sildinn (S g s m
dzala
AU daals 1) 510 o daal ja G gla Jala sl (S dad il Jale

59



Population stratification

Successful-Use-Of-Selected-Hand-Instruments gene
(SUSHI)

60
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Inbreeding
Population stratification (population structure)

?ﬁl..\ﬁ\ﬂwgualiu.ﬂ:\ﬁjguﬁJquéﬂjgéJu Jalad 31 el jad) Jaa

(R sed iy Bl

AL bl )l o g agag o Jla ) g el i)l Sliae Al il ) ala adgad 2
G oban 4 Cunlua (e s marker b &L o bl )
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Hardy-Weinberg Jas
| padl aidls W 50 ) i b (A L S

Genes Genotypes

Al A2 AlAl A1A2 A2A2FP number of genotypes
G(G+1)/2

P q ¥ 2pq g

Genes Genotypes
Al A2 A3 AlAl A1A2 Al1A3 A2A2 A2A3 A3A3

p q r ¥ 2pq Zpr @  2qr F
(b +q+1r)°=p°+2pq +2pr+q° + 2qr +1~ =1

70
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Blood group | Genotype Exp. Freq. Obs. Freq. (%)
A AA+AO
B BB+BO
AB AB
O 00

71
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Blood group | Genotype Exp. Freq Obs. Freq. (%)
A AA+AO pZ +2pr
B BB+BO g < +2qr
AB AB 2pq
O 00 re

J

E{.

72



Blood group | Genotype Exp. Freq Obs. Freq. (%)
A AA+AO pZ +2pr 41.716
B BB+BO g < +2qr 8.560
AB AB 2pq 3.040
O )0, r? 46.684

Sl dudaa 1 5 p ol sl (st e cund HIW Jalsd 3 Ciba () (5 s (358 (5 Anala 4S aii€ (i Lo S

r=sqrt (0.46684) ,

B+O="

B+O=q < +2pr +r?
B+O= (q+r) ¢
B+0O= (1-p)

r=0.6833

VB+O=1-p then p= 1- ¥ B+O

asilad dsdaa |5 p Ushs

73



Blood group | Genotype Exp. Freq Obs. Freq. (%)
A AA+AO pZ +2pr 41.716
B BB+BO g < +2qr 8.560
AB AB 2pq 3.040
O )0, r? 46.684

Sl dudaa 1 5 p ol sl (st e cund HIW Jalsd 3 Ciba () (5 s (358 (5 Anala 4S aii€ (i Lo S

r=sqrt (0.46684)=0.6833

B+0=q < +2qr +1 = (q+r) =(1-p) @

VB+O=1-p then p= 1- ¥ B+O=1-10.08560+0.46684=0.2567
VA+0O=1-q then g= 1- Y A+0=1-V0.41716+0.46684=0.0598

74
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H-Wdaei § Glaa 5 Cuia il
m Sex-limited L s 4 0 50a0 Slas

m Sex-Influenced L (wis il cad Dlas
m Sex-Linked L (s 4 4l y Dlaa
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Sex-limited L i 40 2 gaae Glaa
Dl il e palls uia G ik m

Milk production in dairy cattle
Egg production in layers

76
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Sex-Influenced traits b (s il Gl Alaia

j\g BENSEET J\J;\.u 9 u\.«.u\ Br L_fu\.k ]
1 In baldness we have 2 alleles: b and b’
<+ bb are normal
% b’b’ are baldness

< bb’ are baldness if bb’ are male
< bb’are normal If bb’ are female

7



Sex-Linked traits L s 43 4l y Dlaia

m The geneison X or Zchromosome
m They have Criss-cross heredity

S O s Jai 0 andly aidl a sale o ) pald (K3 dui SO e K
ol aal e ol )i slewld 0
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X or Z-linkage b (i 43 Aanl g <) g8 )4

il oo celia (S5 Hsssslalas i odle sla 5 m
la g (e Jitie Lgdl dn Ol pale ) adined () lailieg o la 53 X asises S m
| o) aafline Gy gaan o ) gad ) Jlailiny H3 Higwis N G0 =

OS5 Dy = phuia iy e Hsde Aan il

Sl a5 2e hemizygote 4 5 p s m
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X-linkage & i 4 Al g <) 5
Alleles Al A2
n Males n Females

nAl 2nAl
-req. of Al in female = p;
-req. of Al inmale =p,
Difference in F1=P; - P,
-req. of Al in population = 2/3 p+1/3 P,

Freqg. of Al in population =1/3 (2ps+ P,,)
In a population with H.W Equil. P = p;=p,,

80



X-linkage b o 49 Al g < ) g

InF,: A=P;-P

In F1:

m P =P

m Pf=1/2(P+ P;)

m P.-P =-1/2(Ps- P,)

female male
FO 1 0
F1 0.5 1
F2 0.75 0.5
F3 0.625 0.75
F4 0.687 0.625

F5
Fn 0.666 0.666
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Hardy-Weinb erg equilibrium for X-chromosomal loci (5)

L\
0,75 V
-@&—males

p 0,50
/ —females

generation
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1. Dispersive process
1 Genetic drift
1 Non-random mating
2. Systematic process
1 Mutation
1 Migration
1 Selection

m  The amount of variation
m The direction of variation
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Genetic Drift L S5 (&)
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Alleles

Frequency in pop 1

Frequency in pop 2

Al

0.5

0.5

A2

0.5

0.5

rJla

1 trait, 1 locus with 2 allele A1 & A2 with the same frequency (p=g=0.5) in

two populations 1 & 2

Population 1 = 100,000
Gamete=200,000
u=n*p=100,000

ox = Vnpq = 223.6

CV = 223.6*100/100000=0.2236

Population 2 =50
Gamete=100
M=n*p=50

OX =

CV =

\npg =5

5*100/50=10
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2L B3 sl Curen o ) Al

m The sampling variance will be so small that we can be say
that Is nothing.

2L S 98 b Cumas o ) Sl m

m The variation in gene frequency from one to second
generation is very high
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» Genetic drift

* Non-random mating
* Mutation

« Migration

e selection
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Tagd o Ggmaa AT 02003 il (6 g 9 Ol i g £ 5 4
Non-recurrent mutation L sdigd ) s3 £ s dga 1
Recurrent mutation L eigd )i s3 sb Giga 2
e Alls pyale m

m A locus with 2 alleles AZ and A2
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2,8 W gd il 5 ol g 4ol 3 AT sl gl ) shaa
Rate of mutation L g gL =

S oy Gl dust 8 (b 50 0 K9 ) (oS Se S sl [

L€ B [

1 v = rate of mutation from AZto A2 (“forward” mutation rate).
1 v = rate of mutation from A2 to A1 ("“backward” mutation rate).
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Equations of genetic change

Al =>A2

Po Jo
m What is the Al frequency after one generation (p,) ?

P1=Po-PoU
P1=Po(1-u)

m What is the Al frequency after two generation (p,)?

95



S
P1=Po(1-u)
What is the Al frequency after two generation (p,)?

u

Al: > A2

P1 4.
P1=Po-PoU
P>=P.-P, U

Po=Pg-PoU-PoU+pou?
Po,=Pgy-2PoU+Pou?
Po,=po(1-2u+u?)

P,=Po(1-u)?
pPn=?

96



Equations of genetic change

Al S A2
\Y

Po Uo

0;,=0otPoU-qpV

AQ= (- Jo

AQ =PpouU-qpV

If Ag=0 then population is under H.W. equil.
Pru=q,Vv
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N Vv

P=

u+v

m Since v and vare small, Ap or Ag due to mutation is typically small.

Mutation is a "weak" evolutionary force.
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D=
Il u-+v
l oyt Ayl g Sy Guibilg e g 4 =
AQ= PoU - gV

No “variance” factor in the equation for Ap .

310 3 g ga J ) A1 S 40 o ko o LSS o5 8 S (lsie 4 i
Sl (o Sl p= 0 L p=1 48 Ple)) sise Ll (550 S Ol 4 Glea @l 0 m
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Axala o jIA1 5 (g

S " Gl
35 Alay) 48l iea JU ) (oS A0S A e il
DB 3 1) 258 e i DNA D) bp 500 ) 5i S Jas 5348 35 o8l S
Sl Haia 35 o&la 5 Ll alans
m Can have 4°99= 103% alleles

<l finite population Size 3 Cus sisa 4Sd (Cuwd Giga ¢ dila
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Migration b cjalga e

Individuals move into population

e dzala 4 2as gl Jl) o2t 8 pma e

“Gene flow”
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Gene Flow

5 s Qalite malgn Gl Q&L 55k A G jalea ) Q80 (S ol 4

s

~ )‘
Offspring of \

immigrated bird
has a genotype
of Hh

/ Offspring of

immigrated bird
has a genotype

S
\{ { O‘f 4 / ‘ g
. A
AN A
~ ‘/ s
* . .
> Population A _ ~ PopulationB
Selection pressure against recessive Selection pressure against dominant
phenotype has created a homozygous phenotype has created a homozygous
population (HH). population (hh).
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Gene flow

Mlai oo dada B85 L adliie & aaas

o ease il Gl S5 0o A o
Calide (sla 43 8 4 Cuman 9248 054
A Jha

Al e il 2l e S5 Oba Wl o
Cail

--’/'

\— arianic )
OCEAN  \

b

- Hatching area

L] RECOUEI’V areas

— \
Cruelf
of t\ an e Radial distance
Mexico “:,:;, "\ 3 from nesting site 7
BOW % i T -
- \ —
= J'T‘ﬁ o —

¢ INITIAL POPULATION

o Adaptation
o Harmful alleles

Green alleles increase in frequency because
of immigration; orange alleles decrease in
frequency because of emigration.

arriving




®m M = % migrated individuals
m 1-m = % local individuals

" (g,

= gene freq. in migrated individuals

m g, = gene freq. in local individuals
m Whatis q,?

® g, = mq,,+(1-m)q,

m AQC
m AQC
m AQ

— q1'q0
= mg,,+(1-m)qy-do = MA,,+do -MYy-dgo
— m(qm' qO)

S alea
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Aq: m(qm' qO)

At ol A sla (sl 8 sl Cumen 93 58 (Jalaihayl 50 ) m
S Aq:O e ) Aa m
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(natural or artificial) <&l e
(i 0J) LS Al gl (o il (I8 pald s il ) A

LSLAA.\S).\LAJJ&JJM@LAOLJLJJMJJQLJ)@-

“fitness” a &gl ?

15 = (adaptation) ey Cale b @ldail 4 jaia e
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1. Relationship between phenotype and fithess.

2. Relationship between phenotype and genotype.

AL e i s fitness Ow O b)) 2aiS et Gl )l (e

« Evolution
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ngﬁbamu_yhac\_m&a;\.s.q

Generation 1: 1.00 not resistant
0.00 resistant

110



(b A

g\iﬁég Generation 1: 1.00 not resistant
ﬁ:ﬁg ﬁ\é 0.00 resistant
4@# s

$hocs




P QA

ngﬁ\_\dmu_y\.méuc“_mj\aa

Generation 1: 1.00 not resistant
0.00 resistant

Generation 2: 0.96 not resistant
0.04 resistant

112



P QA

ngﬁ\_\dmu_y\.méuc“_mj\aa

Generation 1: 1.00 not resistant
0.00 resistant

Generation 2: 0.96 not resistant
0.04 resistant

Generation 3: 0.76 not resistant
0.24 resistant
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ngﬁhdmu_y\.méuc“_mjm

Generation 1:

Generation 2:

Generation 3:

Generation 4:

1.00 not resistant
0.00 resistant

0.96 not resistant
0.04 resistant

0.76 not resistant
0.24 resistant

0.12 not resistant
0.88 resistant

sk AT
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==y
==
= B
5
3

individuals
with a trait

Quantification of trait
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Stabilizing Selection
Directional Selection

Disruptive or Diversilying selection
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Stabilizing Selection (heterozygote advantage)

_J}ﬁad\.ar_\@j)ﬁqjkjdduﬁ\ﬁ&jjﬁg&i\J\.ﬁéé\sw&m

Selaction against both extrameas

Cdo &y j g7 g 0AdiS Copddi by Il AT )

e

Ll b g oligs b oL s Jlia ) gie 4 Population

after selection

Criginal
population
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Stabilizing Selection

(a) Stabilizing selection

Original
population

Population
after natural
selection

Robins typically lay four eggs,
an example of stabilizing
selection. Larger clutches may
result in malnourished chicks,
while smaller clutches may
result in no viable offspring.
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Directional Selection L Jla G QAT

(homozygote advantage) . . .
A5l ) 8 98 Adala o sl o aslhae 2l 81 .

NS e S a5 Al S e 4y ((50l) Cman 50 Cibia ay 534S Gl Gl 4

Selection against an extreme
Cdo & jgT o I Sgn ST
Ll
& ” ~ LY
#

. P . FPopulation
411 oS e i 4

after selection

Criginal
population
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-- LAMARCK'S GIKAFFE “"d. stretching
until neck

bhecomes
: rogressively e
Keeps stretehing and prog y o =
longer o
neck to reach

stretehing

leaves higher
Original up on tree
short-necked

ancestor

127

Driven by inner “need”



(b) Directional selection

Population after
natural selection

Original
population

O Gga landl

Light-colored peppered moths
are better camouflaged against a
pristine environment; likewise,
dark-colored peppered moths
are better camouflaged against a
sooty environment. Thus, as the
Industrial Revolution progressed
in nineteenth-century England,
the color of the moth population

shifted from Tight to dark, an
example of directional selection.
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» Disruptive or Diversifying selection

(heterozygote disadvantage)

Al 0 S 52 L )5 b bimodal U eyl aai -

Selection against the mean

_» disruptive selection _-/
- * @' J \}-,’0

Population
after salection

Criginal
population
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Diversifying (or Disruptive) Selection

(c) Diversifying selection

Original
population

Population after
natural selection

o/

In a hyphothetical population,
gray and Himalayan (gray and
white) rabbits are better able to
blend with a rocky environment
than white rabbits, resulting in
diversifying selection.
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<548 s Disruptive selection

29 () 08 Ay yaie 2l g e QAT ) Syl m
m Definition of species:
o5 (i el K0Sy b Ciala 5 2l 5 e 48 Dlagase Sl A5 K m
NS 50k Ca ) (A A6
m \When speciation will occurred?
Sl Campla 50 393 ga eal o ga ga L il g3 K00 aan GlagageaS ) m
S ol g ol (138 5 00 5ad
ol i g ¢ Bor i 8 (5 )8 JSG soam um A K Ll (e ol 0 m
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Phylogenetic tree & «iij sl cd

minke whale
humpback whale

cCow
sheep
goat
camel
- - — etcetera
TIME or
CHANGE

A odd cadiia JELaS0 W AALE O 43 AS Cua) Sifeld il a9 o) 4dali ) 458
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Phylogenetic tree & «iij sl cd

The astralagus is a synapomorphy that identifies artiodactyls as a

monophyletic group.
. /1 ] - z‘\
. _— !
> [N o @ N

Whale Camel Peccary Pig Hippo Deer Cow

%— Astralagus

| Gain of pulley-
shaped astralagus

Figure 26-5a Biological Science, 2/e
© 2005 Pearson Prentice Hall, Inc.

A odd cadiia JELaS0 W AALE O 43 AS Cua) Sifeld il a9 o) 4dali ) 458
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Heterozygote Heterozygote
advantage disadvantage
Parental [ B
population 0.5 B 05 B
: : [ :
5 IE B
2 =
: ' .
L
Offspring EZ I B
(Fy) 2 0.5 0.5
O : L
- l_I —
AA, AA, A)A, AA; AA, AA,
Stabilizing selection Diversifying selection
does not alter the is unlikely to be
mean, but may reduce exactly symmetrical,
the variance. and thus usually

shifts the mean.



(A) Quantative trait

Parental
population

Offspring
(Fy)

L4

Phenotype frequency

Directional

Stabilizing

o Gl g AS Clia SO (59 g GAT) alida sl g

Diversifying

Character value
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AA AA
1) Complete dominance | | |
1-s 1AA
AA AA AA
2) Partial dominance | | |
1-s 1- hs 1
AA AA AA
3) No dominance | |
1-s 1-Y%'s 1
, AA AA AA
4) Overdominance | | |
1-s1 1-s2 1
_ AA AN AA
5) Underdominance | | |
1-s2 1-s1 1 139
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A0 S W Kl 4g 3180 @Sl () Jie

AA
Initial gene frequency p2
Adaptive value 1
Frequency after selection) p2

relative freq. after selection p2/(1-sq?) 2pq/(1-sg?) g2 (1-s)/(1-sq?)

Aq="?

Aa aa Total Frequency of a
2pq g2 1 q
1 1-s

p2+2pg+qg2(1-s)
2pq q2(1-s) =1-sq?
(Pg+g2-sg?))/(1-s9?)
=(d-sq?))/(1-s9?)

=(9-sq?))/(1-s92)
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Ag=relative frequency of a after selection - initial frequency of a
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" JEEESS
Whatis q, It S=17?




= JEESS
Whatis q, It S=17?




AA Aa aa Total Frequency of a

P2 2pq g2 1 q

1 1 1-s

p2 2pq g2(1-s) p2+2pg+q2(1-s)
p2/(1-sq2)|2pag/(1-sg2) (q2(1-s)/(1-sq2) (pg+92(1-s))/(1-sg2)
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0.7 "_ '*++ Selection against the recessive
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Number of generations
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m DNA test and culling of heterozygotic males
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DNA test and culling of heterozygotic males
S palagy i 3 i Lol dl dlaad caal s 3 ol 0 m
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Factors influencing the effectiveness
of Selection

1. Initial gene freq.
2. Fitness of different genotypes

148



How to measure fithess?

m In the real world, fitness is estimated by
measuring lifetime reproductive success,

It must take into account both amount and timing
of reproduction.

m Gene flow

149
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Relationships between
genotype, phenotype, and fithess

150



24
Phenotype ,,
(body size)

20

AA Aa aa
Genotype
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Phenotype
(body size)

20

AA Aa aa
Genotype

5
Fithess ,

(# of offspring) .

A A Aa aa
Genotype 152



Selection when favored allele 1s dominant

Fithess

AAL AAy AA,

Genotype A1A A1A ALA,
Phenotype (Absolute
Fitnhess, e.qg., 60 60 48
Reproductive success)
Relative Fithess 1 1 0.8
Relative Fithess 1 1 1-s
Complete
Dominance
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Selection when favored allele is partially dominant

Genotype A1Aq AlA | AA;
Absolute Fithess 60 54 48
Relative Fithess 1 0.9 0.8
Relative Fithess 1 1-hs 1-s

Fithess

Partial dominance =
Additivity when h=1/2

AA

aa
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Degree of dominant with respect to fithess

=

g
©coo
~N 00 ©

© 00O
e

Al allele fre
o O
w N

O O ¢
N

o

4 7 10 13 16 19 22 25 28 31 34 37 40

Generation

[

=== DOminance 155




Genotype AA AA’ A’A’
Dominant 1 1 1-0.5

Genotype AA AA’ A’A’
Dominant 1 1 1-0.5
Recessive 1-(0.5 1-(0.5 1
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Degree of dominant with respect to fithess

S 0.7

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Generation

== OMminance Recessive 157




AA AA AN
Additive 1 1-(0.25) 1-(0.5)
Dominant 1 1 1-0.5
Recessive 1-(0.5) 1-(0.5) 1

158



Degree of dominant with respect E@SS

Additive

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Generation

= Additive == Dominance Recessive
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Change in gene and genotype freq. by selection
(incomplete dominance)

Genotype AA Aa aa
Freq. P2 2pQ g2

S 0 hS S
Fitness 1 1-hS 1-S
Gametic cont. p? 2pq(1-hS)  g?(1-S)

What is gametic contribution if S=h=0.5 ?

Fitness 1 0.75 0.5
Gametic cont p? 2pq(0.75) g2 (0.5)
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Fithess of different genotypes

Genotype AA AA AA Diff. in fitness
Fitness (b) 1 3/4 1/2 0.25

[}
=0.
205
®)
So4
4
203
0.2
()
—o0.1

0.0 T T T T T T T

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Generation 161



Fithess of different genotypes

Genotype AA AA AA Diff. in fitness
Fitness (b) 1 3/4 1/2 0.25
Fitness (a) 1 718 ¥Ya 0.125

1.00 .

- 0.90 2
0.80
0.70

0.60
0.50
0.40

0.30

0.20 ~

000 \RMMW
0.00 —

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Generation

less desirable allele freq
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Initial gene frequency

1.0

0.9 & —
08— d
.07 N\ /
S 0.6 \_/
5 05 \VA
o 0.4 JAN
< 03 /N
0.2 AN
01 <L AN
0.0

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Generation

—pl —ql

163



el o o

Fitness (b) 1 3/4 1/2
Fitness (a) 1 7/8 3/4
1 .
0.9 == - #
0.8 i " -
= 0.7
f»_) 0.6 -
o 0.5
S 0.4 y
0.2 y
0.1 ;Aé 2 hhay
O I I I I I I I
1 4 7 10 13 16 19 22 25 28 31 34 37 40
Generation
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= S

chnagne in allele freq.

0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

desirable allele freq.
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= S
Change Iin gene and genotype freq.
by selection (incomplete dominance)

Genotype AA Aa aa
Freq. P> 2pq g2
S 0 hS S
Fitness 1 1-hS 1-S

Gametic cont p? 2pq(1-hS)  g?(1-S)
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Change in gene and genotype freq. by
selection (no dominance)

Genotype AA Aa aa
Freq. P2 2pq g2
S 0 S/2 S
Fitness 1 1-S/2 1-S

Gametic cont p? 2pq(1-S/2)  g?(1-S)
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=
Change in gene and genotype freq. by
selection (Over dominance)

Genotype AA Aa aa
Freq. P> 2pq g2
S S1 0 S2
Fitness 1-S1 1 1-S2

Gametic cont p%(1-S1) 2pq g%(1-S2)
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