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Domestication
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ANuaInuatan1swugnssa (Genetic diversity)
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Definition

Gene fluiedunmiafimunudneuzaasddiiin lnggnansnaneanenanns
F9°] mﬂwmmiﬂamim fuazeduulasiulonluiloundos sl Suf
paLpuAnEnIL e azilaing fiug Bandn dada (Allele)

Genotype dnydaneainldfudaunudneaenisiiigivaeseuusazeiu
AA Aa uaz aa

Phenotype anwsilsng visauansaanunliiviu 1 49 (B s
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Homozygous auastiunmiauiuatluaiubsmaaiuuulaslulonniilugig

Heterozygous guasaunsineivetludundaipsaivuulastulanmiugiv



—— Alleles in Two Homologous Pea Plant Chromosomes —————
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— Homozygous and Heterozygous Alleles | — Phenotype and Genotype |

Homozygous

Heterozygous
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Allele & Genotype

A A

B b HOMOZYGOUS GENES
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F e
= HETEROZYGOUS GENES
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1 | 1

Tave, . (1999)



Phenotype

A range of variability in the mussel Donax variabilis

https://en.wikipedin.org/wiki/Genetic_variations#/medin/File:Cogquina_variations.jpg



1sz1ng (Population)
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Plcture by Prof. Fred Allendorf




N RJANANUBIENGTA— 1211150 (Hardy-Weinberg equilibrium)
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Demonstrating of Hardy-Weinberg Equilibrium
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Figure 17-5
Introdection to Genetic Analysis, Ninth Edition
© 2008 V. M_Freeman and Company




AYNUAINUAENININUENTTNAN LULseang
Genetic variation within population
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1 1
a adaa A o 6

SEAALLIL meiosis IummqmmuwummumﬁﬂL‘Wﬂ LAZNITNANEY
(mutation)
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ATUIAAMNUAINUAILNNINUENTTHMe L uLseTnsg

avapnalslilnga (heterozygosity, H)

aannnedanm Observed heterozygosity, H,

aannngAuns Expected heterozygosity, H.
ANANUIUBARALAAL ARAT L

average number of allele per locus, A
effective number of allele per locus, A,
allelic richness, A,



AMNUAINUAENNNUGNTTNTEUINUSETING
Genetic differentiation
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Florida
tree snalil
Tropical
hardwood
hammocks
qriffiths et al., 1996
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ATUINAMNUAINUANLNNNUGNTTNTLUINUSTETINS

U9zl lAlae T e U Ng UANLANFANNLRIA TN DR9E Y WiTaA L NN e
ANTNAN9UTZE NG

nAdudszanaen (F-statistics)  wazsrazyianneiugnssa (genetic
distance)

AUIRIANe lFuaeasRNAN Uz diaya 1w Cavalli-Sforza and Edwards
(1967), Nei (1972, 1978), Reynolds et al. (1983)

Nlisunsumanfiomeidndagindqsauansli i Microsatellite Analyzer,
PHYLIP
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Why is genetic variation important?

variation
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‘ ‘ “ EXTINCTION!
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survival




Why is genetic variation
important?

"0 >
variation “‘ “ o

o O_0 ®_ 9.0
=

no variation




Why is genetic variation
important?

00, 0o o
O 0@ ™
““ ‘. divergence
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O
O _O
%% 202 > 0 0%
OO0“YO e
“““ c
OYO O ‘ NO DIVERGENCE!!

no variation

variation
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ANNFAIN Aruamnsaduvuaasun gnatuandaaty 1 @ dsznaudon 3 dada Ae

Al= 1.0 s
A2= 1.1 i
A3= 1.2 e

Uszans A dsznaudaedada ()A1=0.5, ()A2=0.5

Uszans B Useneudausada ()A1=0.45, (HA2=0.45, (HA3=0.1
dszans C dszneudnedada ()A1=0.5, (f)A3=0.5

HA)=1-(p,°+ p,2)= 1-(0.5%2+0.57) —
H(B)=1-(0.45)2 + (0.45)2 + (0.1)2 Qﬁ\ >
H(C)=1-(0.99)2 + (0.01)2



nseUuNsNY binansIdagullamIaRuanssy
N17ANATNNNNUENTTN (genetic drift) waz Effective population size
n13AnLaan (selection)

N3N ENNg NNTanNaNE DU LaznsLantUagusugqNelssanng
(population division, migration, gene flow)

n1Nane (mutation)



mfim'm‘*iifmmqﬁ'uﬁqﬂﬁu (Genetic drift) Laz Effective population size

NITUAUNITQUNILUBIBARAUATATUINWIZNINITU FANTT NN9TIATIINI
wugnasn (genetic drift) Wunszuounisgu (imanalulnm)

genetic drift Tuansznusannuvainuatantsiugnssulullszains
2 guluuu Aa (1) nmalasuainundads (2) mamalduesdadaunsdaaa

gurpradlszanandeneluniugatanilscains iiulszansnag luanna
= = 1 H . . |
Naunlvn sendn effective population size visa WV,



Genetic drift

Population after
a couple of
f generations

Founder
.‘ population after ©

a few more
generations '




(a) Drift 6
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Plcture by Prof. Fred Allendorf



Allele frequency
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n1sAnLaan (Selection)

QII v o = 6 = 1 o
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® intentional
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Directional Selection

- 48
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By By 8%
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z ]
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X
) 275 Oy -1
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Plcture by Prof. Fred Allendorf



n1sAnLaan (Selection)
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n1suielszd1ng (population division) n1sanawengny
(migration) wazn1suantdaguauszunansdszaing (gene flow)

Tusssnafdszanssinudailungueas visa AilszansNUANLANAIINI
Wugnssnesduiu (population differentiation)

ANNLANANNIZMINL Iz InsiRnaINN3anian1saawe (gene  flow)
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n1snang (Mutation)
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Point mutation

AlB|C||D|E|F|G)

Deletion
/I\ AN
Als]cIple[F[a) ——CJA[BIE[F]®+ [c]D
; o ; {lost)
Translocation
AlBICDIEETG) CHABIE[F[®
” S R o —rr
AN EEED; A|B[C[DICIDIEIFIG
Inversion
ABCDEIEG — CTABEBEFl®

Mutations of Chromosomes

Normal HFE Gene
0 ﬁ)

—

Cysteine

C282Y Mutation




n1snang (Mutation)

YR91N19NAN8 WANFAINATNIEALLRINITNANY ALALNTBINITNANE LASTNALaY
A9NTIm

AvNDTBdNafNUfFaRuLFe uIeIdRdTins1e @1aegludes 1070 - 107
(FRIFAN9TRAA1ANENIINITNANEANNULTUATYN)

Tunsainnisnananaliiiianalde Wasandaaaninnluudenaausa fithess
11 AnRalnRracdnaanuae Sickle cell anemia #Fwiaainnisnans

o dld . v Aa 1 Ql” | %
sesuluanantiu hemoglobin beta nnsazauvesdanainaii anadenali
Uszmnageysiug ifuintlssansiaunadnunn



Effective population size (V)
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flaqaniinasa Effective population size (V)

Tanaudug ludndausnaiulunisinngiug
ANNHULLIIRIIUNAATAaLATILAY (variance in family sizes)

nisldnaisiRugauuldviniuluisazdaan (generation)



Tunsod A ldwindumweie AnwinAn N, Tnaldgns

N, = 4(Swauvienug) X (Rauanusdiug)

MUIUNBRUE + ANWIUHRUS

N, =4(5)(9) =12.57
5+9

1 1
2N, 2x12.57

(X

AF=




ANNULlsaasIuInAsauasitan (Variance in family sizes)
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N, ~
24V,

Tne N = anusuwaud uaz 1, Aa variance 1esaunnnsatinia

oV, = 2 ufa N, Hdwinduawnadsyansiuiias



ANNULlsaasIuInAsauasitan (Variance in family sizes)

ANNHKLLFIR9R AATatAFY IUL Tz I NTU Aa1A N TT NI R ALA AR N AN
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ai zﬂl v o =S % c v
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fnwudn Y 8rwindu 6 ludanvisaasws ninisuaniuginenasiug
(Gall 1987) &luilszannsian 50 s (adawwm= 1:1)
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N5 ldWawNNugaIuIRllmNuluLARzTIaE

aunsomAedsres N, Tudszainslaamnzdinnainislne usiiugauou
wansinsiulusiazdaany laindaasaniluila (Harmonic mean) aeq

y)N° T987Y A9t

1 11 1 1

N.(average) t| N, N, N,

Toe £ Ae Auudaeng



N5 ldwawNNugauIulimnuluLAaz s

foating Tunnawigiugilan 4 doanginis Mwandiug lulsazdiane Al
10, 10, 50, uaz10saAnede NV, sdedoanglutlscainslsamiziing
YN

1 :1[1+1+ 1+1}:1(O.32):O.08
N, (average) 4|10 10 50 10 4

N, (average) = 12.5 = 13

[ % 0.9// o = a oI/ g 1 o
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dndunfuannuguuungy (mass spawning) NV, sihazsin wwsz
O witlaldEaelannsa / wadanldlfdinnaunugynnei
O dndowwalavingu 1:1

O gnusiazAsandnssan iy

e.g. Nile tilapia: a mass spawning
using 12 males and 25 females
resulted in M, = 15.6-16

&

(Fessehaye et al., 2006) .
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lignannusiazasauailudndaulaimingu (variance of family size)
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Na-Nakorn et al., 2010
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O NM321ATINNUFNTTN Genetic drift
O NMINANARATA Inbreeding

O n13AALaan Selection
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Plcture by Prof. Uthalrat Na-Nakorn




naaad Genetic drift

aaaagouung UszansanArinainsnlunisliusa Anaanluling
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#L1RARINIsHANIAandn (inbreeding)

NNINANITUINLATATYIR NHIED ANNTNNHAIINANNUENI9TUGNITH
NINNdIANRAEI B9z TNg

nsldnauinuganuauties (Effective population size, N)



naaa4 inbreeding vinlu gene maauansaan waziva homozygote

A = Dominant allele a = Recessive deleterious allele
Ilé Aa :E AA
‘ Inbreeding ‘

& &re
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Inbreeding anainiulaglaissla lulszainsauinan

1

AulsL@AnBnsNaNIAaATa =

N, = effective population size

(AuunaNRusngsugnasulldiusialil)

N, azwinfudaiuaune + udwiig natlingn Ae laanuaunaLyinmil
AU, BrgnannynasauaFaing fu ifluneusiiug uasiinng

NANNUTNALZA



nsiRannanaasaneue (inbreeding depression)

NaNuglaAsanmeaiu fugnitihuindaanay 27.7%

(Cooper, 1961)



Inbreeding depression

Uaniinane Brachydanio rerio. nnsuanyiug luAsantALafivi 119a
FLUINQNIINNAFINUN (MTanNAUAW) N1

ANNANYIDITRS [ dana

Q/

AduanNUa NN

u

§719170A21DIQNUAIRNAY

(Mrakovcic and Harley, 1979)
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Un-intentional selection: aunialunslineudiug
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Un-intentional selection: msésmlailiaunnain
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1. n15tlasnunsudaniaandn (inbreeding)

O Tinauxwug (MV,) anuauuin

O WANLALNNTNANIZWINLATALYR

(X
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NFRALATRINNIANDWNNUS wasHTayaNuGL s

ANNITDVNUNUNIINANN U WA TAEINT9AT WA ANl svAVENTNaNIAanTA
TneAuanuls 2 35
AIUIRLANNAN COvariance

ANUIRAANINUNRLARAINTENeanugnssn (path diagram)
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A14YI8aINAT covariance

Ay AN TuN TN Fuulls Inaudilanas 6 6 (A, B, C, D, E uaz G) Tox
UausiazFailaudunuinIsiugnssum gl sy dfsuanslunim

o s o “
AR LIATUINS AD

COV,, = COV IND 1 with SIRE IND 2 + COV
IND 1 with DAM IND 2 2




A1YId4aInA1 covariance

o/l A B C D E G
/- A 1.00
-/- B 0.0 1.00
-/- C 0.0 0.0 1.00
A/B D 0.5 0.5 0.0 1.00
C/B E 0.0 0.5 0.5 0.25 1.00
D/E G 0.25 0.5 0.25 0.625 0.625 1.125
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AIIUARZAINITDINLRUNITHAN

TAanmnsne unnldfiesnisliinanisudnLaan

Taae Nasnansziing A-B, A-C, B-C, C-D, A-E @mmmimﬂmmi

NANIRAATA WENAAN sz ANEANgn Aarszinane A-G, C-G uaz D-E




Aruaeann path diagram (wwupivansnisiramaaviugnses)
AulsrAnsnisnanIaann

(F) = 2(0.5)m+n+1(1 +F,)

Toe m = sudragainualilaaussnygesan

AnuLTIagaInwa [l eussny g

-
I

Fp = ANUAnEnIsnaNaanTaTe9U9IW eI



Auandan path diagram
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Auandan path diagram
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F, fAnann path diagram aneit D= (0.5)°72140) = 0.0156

F, Anan path diagram anedl @= (0.5)° (1+0) = 0.0156

1+2+1)

F, flAnann path diagram anefl @= (0.5)>(140) =0,0625

F,  =0.0156 + 0.0156 + 0.0625
= 0.0937
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Tave (1993) uuzidn dszmnsdmiuniswnzidasanasiiain NV, szwdng 45-50

Gjerd (1993) uazJorstad and Naevdal (1996) uustindnlunns

danistlszansiaingudaluiind aasinusesu NV, 1Blisandn 100 sedaens
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71U szunsualaandnvisausulel

47978 1% 2% 3% 4% 5% 6% 7% 8% 9%  10% 11% 12% 13% 149% 15%

1 50 25 17 13 10 9 8 7 6 5 5 5 4 4 4

2 100 50 34 25 20 17 15 13 12 10 10 9 8 s 7

3 150 75 50 38 30 25 22 19 17 15 14 14 12 11 10
a 200 100 67 50 40 34 29 25 23 20 19 17 16 15 14
5 250 125 84 63 50 42 36 32 28 25 23 21 20 18 17
6 300 150 100 75 60 50 43 38 34 30 23 25 24 22 20
7 350 175 117 83 70 59 50 43 39 35 32 30 27 25 24
8 400 200 134 100 80 67 58 50 a5 a0 37 34 31 29 27
9 a50 225 150 113 90 75 65 54 50 45 41 38 35 33 30
10 500 250 167 125 100 84 72 63 56 50 a6 42 39 36 34
15 750 375 250 188 150 125 108 94 84 75 69 63 58 54 50
20 1000 500 334 250 200 167 143 125 112 100 91 84 77 72 67
25 1250 625 aiv 313 250 209 179 157 139 125 114 105 97 90 84
30 1500 750 500 375 300 250 215 188 167 150 137 125 116 108 100
35 1750 875 584 438 350 292 250 219 195 175 160 146 135 125 117
40 2000 1000 667 500 400 334 286 250 223 200 182 167 154 143 134
a5 2250 1125 750 563 450 375 322 282 250 225 205 186 174 161 150
50 2500 1250 834 625 500 417 358 313 278 250 228 209 193 179 167
55 2750 1375 917 688 550 459 393 344 306 275 250 230 212 197 184
60 3000 1500 1000 750 600 500 429 375 334 300 273 250 231 215 200

(Tave, 1999)



2. nsiasnunisaadan1enugnssy (Genetic drift)

N17A1ATINNINNUGNTIN LT UANNFATAINTFUNILVBITARA LU
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L =01 f=0.05 f=001 f = 0.005 f =0.001

%ﬁaﬂq 95% 99% 95%  99% 95% 99% 95%  99% 95%  99%
1 15 22 30 45 150 230 299 460 1498 2302
2 18 26 36 52 183 264 367 529 1838 2647
3 20 28 40 56 203 284 407 569 2038 2847
4 21 29 43 59 218 298 436 598 2181 2993
5 22 30 45 61 229 309 458 620 2292 3104
6 23 31 ay 63 238 319 a7e 638 2382 3195
i 24 32 48 64 245 376 491 654 2459 3272
8 24 32 50 66 252 333 505 667 2526 3339
9 25 33 51 67 256 . 339 516 679 2584 3398
10 26 33 52 68 2637344 527 689 2637 3450
15 27 35 56 [ 283 364 567 730 2839 3653
20 29 37 59 75 297 378 596 758 2985 3797
25 30 38 61 [ 308 390 618 780 3094 3908
30 31 38 63 78 318 399 636 799 3185 3999
35 31 39 64 80 325 406 651 814 3262 4076
40 32 a0 65 81 332 413 665 827 3329 4143
45 33 a0 67 82 338 419 677 839 3388 4202
50 33 a1 68 83 343 424 687 850 3440 4255
55 34 a1 69 84 348 429 697 859 3488 4302
60 34 a2 69 85 352 433 705 868 3531 4346

(Tave, 1999)
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Conclusion...

Large N,

High no.
brooders

Sex ratio 1:1

Single pair
mating

Equal family
contribution

Avoid
hegative
selection
/ perform
artificial
selection

Minimize
inbreeding
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Usziansiugru (Base population)

dszansEnsiunldlunisdnman (selection) fasiamuaniian
Aty e NAdnaLisisunasiugnesy (genetic variability)
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GIFT strain of Nile tilapia

Base Population

8 strains of Nile tilapia (4 from wild African strains

— Egypt, Ghana, Senagal and Kenya)

and 4 commercial strains from Asia
(Israel, Taiwan, Singapore and Chitralada from Thailand)

1 8x8 diallel crosses

= 64 crosses rearedin 11 environments

!

25 best families were used as a base population

family selection ¥ within family
selection for 5 generations

selection response for body weight = 12-17% /generation
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Rotational mating

INDIVIDUAL SELECTION WITH 8 COHORTS AND ROTATIONAL MATING

A B C D E G H I

SELECTION;
CHOOSE Fy-SELECT
BROOEY FISH FROM
EACH COHORT:
MATE TO PRODINCE
NEW COHORTY

il

Y L/ Y ¥
AT x Bo™ BT xCo” C¥x Do D% x Eo” E¥ X Go G xHo H¥x 1o Fuhor

SELECTION,
CHOOSE Fpr SELECT
BROGD FISH FROM '

/

EACH COMORT;
MATE TO PRODNACE
NEW CONORTY

A
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AR? xCDo" BCY xDEc” CDV xEGo” DEW xGHo" EGV xHIo® GHY xlAc” HIP x ABe” AR xBCo”

SELECTTON;
CHOOSE Fy-SELECT
BROOD FISH FROM
EACH COHORT:
MATE TO PRODUCE
NEW COHORTS
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Animal Breeding
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Simple (Mendelian) Genetics &
Population Genetics P
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Molecular Genetics

(@)




-

nisUsulspwusdand
N1SYANMSNIOWUSNSSY (NMNSAMIAdN + DUQWAUWUS)
ilelidnosuan (Iawnas) anunu:NiioUszaoannsn
dnosuviony (agnay)
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n1siMnuadanUszdoauazuwunis
Usudspwusdnd

anunuzNywandoomsusulsoliadulusuiauiao..?
szaugevanuyuzndounsiduirils?

giadnd Uszonnsdadiiugiu tazn1svanisiduagiols?
IwunN1saalaandndwowuslazuywus (nalaonagnols
andanirls tazunaoidinuiedndegnlnu)?
IWUMSWAUWUS, Szndvdadnuiunsanidonnad?
NwuNsUSIJUwWuUsNSSU?

aoWwsau dovna ta:adwidululalunisanauoiu?



n1sinnuadanUszdoauaziwunis
Usudspwusdnd

>4

anunuznywannovnisusuusoliadulusunauinoe?

1) anvmzacIlsuno nanvms: 2

2) anwmuzuudramgualnu ?

3) anvruzuudansauszibualansoly 2

4) anuruzuulisnsiwusassuun/Uagiiiaols

5) anuruzuuaouduwusniowusnssunUaNYEdU

UINNSoU29IWaols ?
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n1sinnuadanUszdoauaziwunis
Usudspwusdnd

Oyladnd Uszgnasdndwugiu nazn1svan1sidu
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n1siMnuadanUs:zdoauaziwunis
Usudspwusdnd

IlwuN1SAAIaanNdadwowusiazilwus (AaIaan
og(s aalaaninmis nazunavidmursdndognlnu)?

AOIaoN0Y10IS ? (unavvavdayanlgiionsoun)
1) doIJanddnd1ov (Mass selection)
2) doyausswusuynsowusus:=0a (Pedigree Selection)
3) doyalnSary1a (Relatives Selection)
)

4) voyavovan (Progeny Selection)



nisitnuadanUszdoauaziuwunis
Usudspwusdnd

lWuN1SAaIaoNdadWowusiaziuwus (AaIaan
0810(s aataaninls tazunaoidnuigdndognlnu)?

AOIadN0Y10IS ? (@nuruzuavdoyanlglunisiionsnun)

1) n1sdvina+Us=aunisad (Observation)

2) doyaanunuznUsing (Phenotypic value; Phenotypic average)

4) YoNaAINSOONUIYNIVWUSNSSY (Marker Information)

)
)
3) dolJaadWaINISANIVWUSNSSY (Estimated Breeding Value)
)
)

5) doyawusnNssus=audlul (Genomic Information)

ADJNUUET
61

\ 4

ADUNUUgN
av




n1sinnuadanUszdoauaziwunis
Usudspwusdnd

* IwuMsaalaandndwawuslaziuwus (aaiaan
0810(s aataanim(s nazunavidnuigdndognlnu)?

ANIaeNo81v(s 2 (@sanlas)
1) aodmd1av (IUUs19MD; Individual Selection) / ASdUASD \

2 U\iOlATUSjEﬁi]Cj (Sire Selection)

4) ASOUASD (Family Selection)
5 enav\Tus: (Line Selection) \ (Ntet={7 1] /

)
)
3) uu'uTus:éi'm:)' (Dam Selection)
) !
)




n1sinnuadanUszdoauaziwunis
Usudspwusdnd

IWUNSAAIADNAASWOWUSIAzILWUS (AGIADN

0810ls aamaaninls tazunavidnungdndognlnu)?

AOAaoNog1v(s 2

iWnulenanogn >

P=G+E

lanunsnnenaavnwauulUdanie

@

P= +|—I;+I

+

E

~-

> },, L |

Ctl

V, = Ve + V,

A Ve=0 Vp=Vg
P=G

fi"lVD+|=O Vp=VA

P=A

a:nsula 3nluaooinisvavuinndaya



n1siMnuadanUs:zdoauaziwunis
Usudspwusdnd

IwuN1sSaAaIaandadwowusiazuywus (AaIaan
og1(s aalaanimis nazunavidmuiedandogninu)?

aalaanuIN/uaginils 2

Shuoudnsnaoomslusuan Gsruouirialse
uoudadInatnusuwely Hviuoumils?

Shuoudnsnildamadon Tsuouiminls?
naudadnozgnaaidoninouwunds/uanaronusin,/ Uoiiisols?

a s W N =

U nu19lun1sasioaduianNa1vS=nd10sSU/navdadonautiaznay
N1SAaIaoN?



n1siMnuadanUs:zdoauaziwunis
Usudspwusdnd

IwuN1sSaAaIaandadwowusiazuywus (AaIaan
og1(s aalaanimis nazunavidmuiedandogninu)?

nnaotnuiedandognlnu 7 P=G+E

Juagnuon > 1s1v:1dus=Tauu/wmurwusnssuninu

> AAlaoNAMIVINIAAVNDANIWIDAAdUIAYDAU/Aa1dnavnu

> Aaldondnsonunaonian1widaasuianavAu
->GxE?
-> W59uinaulaog109Asssy ?
-> AJWNUU ?



n1siMnuadanUszdoauazuwunis
Usudspwusdnd

IWUMSWAUWUS S:nI10dAdNWIUNISAMIaoNIad?

N1SYUQWAVWUS (Design)

> dadwedile aoslasuwauwusnu dadiwagaola?
> msldUs:lgguvnnwusnssunaaaanlonad
Additive genetic effect

Non-additive genetic effect (heterosis)

NISWAUWUS, (Mating)

> msundus
> NISWAUYSVANUSSSUYTI0
> NIsSwauinoy 7 nisldinalulad



n1siMnuadanUszdoauazuwunis
Usudspwusdnd

nwunsUsziuwusnssu? |

daosulnu

> 35nelglunsusabuiiusnssudnsuanuuznusuusy (eg., Best
Linear Prediction, or Best Linear Unbiased Prediction)

> é\)ﬁl[ti“lUﬂ’]SﬂH)’ISm’l (e.g., phenotype, EBV, genetic gain, genetic trend,

or selection response)

msr‘i'mumna',un'lsﬁmn'lsﬁhi"lun']su]'ﬁaulﬁau (contemporary group)

doyanazaUANSNUURDVIAMIAU (e.g., pedigree, phenotype; cthers)

sze:10a1Nv=AooUs:ITU (e.g., birth date, production date)

aowdlumsus=iu

VvV V V V



n1siMnuadanUs:zdoauaziwunis
Usudspwusdnd

ADUWSOU Jo91na llazadwiduldlalunisanguoiu?

msauuauu@oulaun® (AUTAU 1azad1uuuav)
ouUszunnu (1ligowe tazaollod)

yaalns (AUauUa 91UdU 1a:AdIUSUNATOU)
Uszonnsilugu/SuU6U (Iuna tazad1unainnanse)
nwunsusudsowus (Favu sany taziluldlaluidodnum)

O O O O O O

imalulagnoy:=unuilgUs=logu (adWinu1zay Us=an5n1w uas
ADJIUULN)
aunsni @nun ta:N1svan1siwiziagy (IWgowo tazInuIEay)

O O

10a1 tla:aduAevNslgus:logunnuwusnssy



nN1saalaon N1sIUsSguINgu laz AUIUUIN?

NSAAlaoN = dadNiadUaIUISAINIOWUSNSSU
(additive genetic effect) TUUIAGA NI
INUNNSodadNIdU )

N1sIUSeUINgU > gASSSU
[SERIGEN |

ADUNLUUET = adwdunndwa lias
AOIUNNOARUINNOWUSASSU



N1saaiaon N1siUSguINgu lasz adIUUg?

nsiJSauingu > 9asssu tazluadgv

N1SYAUWUNISNAADY

O AUAUAUWUNUSNATDYE 9NI0U ADTLANATIONIOWUSASSY

O as1oao1uidauleeszninondunisvanisildlunisiiseuiisu
(contemporary group) @UAUAIIKWUNUSU10TDV8 9NnIdU AOWU
nane19NI0WUsNSsU Mnuu Usuadiwwundsilylaaouaunou
1a2901JSUINgUAUIANAIVNIOWUSNSS )

N1590NIUUNISIAZ0SIU

O d@sadwidaulgvszndvnaynisvanisinldlunasidsauinau
Jsuaowwundsnlyldaouau  ud@d901d5uinguadyianeaionio
WusnNssu



n1saalasn N1siUsSYuUINgU laz AUNUUIN?

naunisvanshlglunisidseuingu (contemporary group)




N1saalaon N1sIUsSYuUINgU laz AUIUUIN?

aalaonNnay - Wo1smunalnagdaounazNay

minas 2 suuuu

ANAAINWAUAAIARAS (Mathematic mean)
(nauuaaznavidduouduIdninInu tazlasunissanisinounu)

S .

A1laavaduads ([ east squares mean)
(nauuaa:znauluvnludsaoinuouaudnininu nSalasvnis
YANISInUaunu uaAadsv=UadWiIdoulgvdonuiiaznu)



N1saalaon N1sIUSYUINYU laz AIUNUUIN?

AAlaONS1960D >  WIISAUIAUAIUISH
nogvivuoonuvnaiinay

e B
\ /, | \\\l
- : So
— -~=_
2 0 +?

aowdwIsnnusang
(Yoyamulov Joyausswusy doyalnSary1a uazdoyaan)

AW EANISANIOWUSNSSY
(Estimated Breeding Value, Selection Index, Markers, Genomic Btreeding
Value)



N1saalaon N1sIUsSYUINgU tlaz AUIUUIN?

AAIaoNsS19MD > WIISAUIAUAIUISH
niugvivuoonuvinaiiaay

- i ~-~=_
-2 0 +?
adWaw1snnusing anynu=nNINAa31
(doyamulad doyausswusy doyaiaSe (Permanent envitonmental effect,
fU16 lazuoyaan) Producing ability, Repeatability

ADWAWNSANOWUSNSSY  adwawwisalunisiduul/we
(Estimated Breeding Value, Selection ~ (Maternal effect/Paternal effect, duagnu
Index, Markers, Genomic Breeding a”num:%:ds”udao)

Value)



nN1saalaon N1sIUsSguINgu laz AUIUUIN?

Phenotypic value (P - )
Breeding value (BV)

Gene combination value (GCV)

HiE|E]

Environmental effect (E)

E=+701b

GCV =+101b
i =500 Ib BV =+201b T]GCV = +101b BV = +35 b
_ |Bv=son GCV=-5Ib
E=-401b E=-801b
@ P=6001b (b) P=4501b (c) P=4501b
menoalUdania

Phenotypic value =

lyauisnmenoalddanie



N1saalaon N1sIUsSYuUINgU laz AUIUUIN?




N1saalaon N1sIUsSYUINgU tlaz AUIUUIN?

OMNSIWUSNSSU (heritability, h?)
O 1WuAwooUs:=81nS (population parameter) dndnnasldalisounu
(AudruvINAdWIUsUsou: b =V, /V,)

O WuAINIEVNY S=AUADIUEBWUSS=AD10AUEHUIUSNIY
wusnssunuanuyuzndsing

O WuMNUa@VNY ScAUAIIAUWUSS=IINYAUWUIUSNIY
wusnssunuanuyuzndsing

O [Wumnuaavno s:auAUIANAIINIVWUSTSSONMIAINANS
Wagundavgovanuyiuzndsing 1 rnudey



N1saalaon N1sIUsSYUINYU llas AIUIUUSN?

AV U1 govn1saataanlasivisnunanyruznusing

O 9MSIWUSNSSU dsuanuyuznwoSul

O aowlyaidyvvovadWaiuisnnudsinnyov
daounazad

O AJWIANAEINSUANYNUINTRASUITDIEND
Gaszad

(@)




NISYUQAWAUWUS — ADWINUIEU?

N1SYUQWALWUS # N1SWAUWUS,

iWnuig: nmslgus:lasuon iWnuig: NMsIwzug19wus
wusnssunaaiaosn (NMSWaAUAn)

Touan




NISAUQAWAUWUS — ADWJINU=aU?

1. WoISAUNNAUSSANIWY00d03 (Based on
animal performance)
a. Random Mating
b. Positive Assortative Mating

c. Negative Assortative ‘Mating

Randomly mated population

Randomly mated population / _ :
T

Population undergoing
negative assortative mating

Breeding Value or Phenotypic Value Breeding Value or Phenotypic Value

Graphic representations of increased genetic and phenotypic Graphic representation of decreased genetic and phenotypic
variation caused by positive assortative mating. variation caused by negative assortative mating.



NISYUQWAUWUS — ADUINUNAD?

2. W91SAUNNAVAVWUSN101ASd UG (Based on
pedigree relationship)

a. Close breeding

b. Out breeding



NISYUQWAUWUS — ADUINUNAD?

N1SWYISMUNIazYANISWUSNSSUS:AUUSEINS

C C C
Q ()] (]
Q_ Q. Q_
A
- Close 9‘1’6 Close %‘l’é Close e\l’e Close »
o)
2 \J\J\I\‘ For Selection
r>’3 ______________________________________________________________
Inbreeding Depression or Diversity (migiimum / accepted)
>
Time
A
C .
o Selection Response
s For<Utilization
Population with no selection .
>

Time
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- n1sUsudsowus,

nasnanuasnnls=aoa

£ Mgy gy 3 MSYANISNIOWUSNSSU (NS

i
AalaoN + IUQWAUWUS) 1Walridndsuan

nisaaiaan

Aagiaas) Danuru=nous=don ano1

n1saUQ o aasvsEinu
b -’

WaAUWUS, wusnssy

ETﬁljS:UW.OI[UI (Tma[aaa) ahmd's“uﬂmﬁl‘l_i‘ w | daosulm

(]
-t <

aonunnnusziiu:
Jovenianswadedanuruznauld (Factor effecting the farget traits)
aUszurudanuyuEnUsINg (Phenotypic value, PV)
ANUNYAUAINISANIVWUSNSSY (Estimated breeding valtigl JEBV)
01"1[0585:}'13"1\)5:11 (Average of the generations)
ouAUS:zNoUYoVAIWIIUSUSOU (Variance Components Estimation; VEE
w1sUinosyools=61ns (heritability, correlations, repeatability, other desCriptive sta.
nuslivmsiagunlaonowusnssy (genetic trends)

WandUdaUdVdNISAMIADN (Selection response)

)G

O OO O0OO0OO0O0
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N1SOA01 “dadsuan’ Udavnuzniiods=aon anon “dndsuwaiiy
noold “amaas narwrsaunuldlunisidssuinaulaogno luadev”

Us=gansnanu

aouaunnUvvslan nazuaaznaui S°Mathematic means
dungninuouninu

aouaulaurodove nsoluldiay
nagoyalndUBoulgvNMowusNssy
S:n219NAUNISYANIS (contemporary

groups) .

- Least“squares means

(X




NSUs=I0UwuUsNSsy
llazNsoawadunnsnisusudsowus

Best Linear Unbiased Prediction (BLUP)

O ldUs=lggunin awduwusn1viasaru1a

o lius:lguiionn doyavevdndnnadnindwauwuss
nuuaznu

O N101UNAYNANNISYDY Linear Model (Correcting different

effects for each other)

—.

doyansnivu:
1) doua WUSUS“jﬁ (Pedigree Information)
2) vou aanuru }’llJS’mf] (Phenotypic information)
oy

3) adu 1 N (16U NgUNSYANS WA D18 NAUWUS, 1a+)

t.‘
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Best Linear Unbiased Prediction (BLUP)

O n',uﬁqaaouuuwau Mixed Model (Fixed effect and random effects)

v=Xb +Zu+e

=~

Mixed Model Equation: Counting animals in
different herd (cg)

—-

Counting records in
different herd (cg)

XX X'Z b Xy
x| |z'z+AA| 2| | z'y

Counting animals’ records, their relationship, and
heritability in the population

ND>







