Iranian Journal of Animal Science Research
Vol. 9, No. 3, Fall 2017, p. 357-362

A

Ol oold pole (leiiadg sy & i
357-362 . 1396 b 3 o5l 9 ul>

6\.::;,\» S & ggl:':.ﬁ‘ P (QTL) L!"s 6\.&()5 &5L“°L<.’.L’.' Q‘;‘ :)}Iﬁ ) J.:'S;U

Sl Sl 55 5o b S8

2)-*3-‘ RN e ‘*1),9-;°)r-€-‘= e
1393104109 154
1393007130 5,y

LRVCES

S5 sl S le SaS & ] 4 gl 2 ol Sliool sy 555 55 )3 L QTL gl oyl (sllas 56 g alllan () 5l S
5 iol38l ciliseo 31 L QTL ,5b cou oS 013 5 O/1 slags piscdlyy (il p cpgmcam et 5 Wil gs e 435 1000 1l b tumes 09
o dlé a3 g 0 B )S Jla 1> o) Cannn g 03 yio gl L QTL @il nd )8 (gjloand aiils )18 swle 3L S (b il g cwle
4 el 05 dwbre (S Lol eslitul g bl g 48 le KaS4 Gl (gl slbsesl 4 gl 5,5 16,8 QTL (ly JolS e g Jol8
SoS dy bzl oy Hlis guls )5 awbxe solar i 1) Glowl jedls oy a5 (031,85l as s 20 oy ol wlol 5 bl
4wl ialS ecel a il ples s LQTL jlas Joylis o cadle il sgng lol 05 g0 bl &y guwly (ilisl el (Sisy sla Sl
el g salss Slo 5 odlitwl s Gl gl 5l eSS le K8 4 Ol 4y el w3b YU )5l (gl a8 Lal i )5 g 33,5 0 O]
25l J1y05 0 Vb 8 5 sl (63,8 (>Nl sladaliys 4> odlil I L3 QTL (ola yol,b sy lis Solojl o]

oS slay; el e Bl S le oS 4 Wl [ gadST gdajly

UL e85 b cblgs ey ) o5 S el olog Jlo 5 b 4
po—ye b9y 45 Sl ol y K03 g B WS )b 5l g
cSlyy 48 Gl 3)90 )3 05 g uigid bl ol M
(14) 28b o 2018 i s 35,15 oYL (50

9o S sla SGSS g (b v LB dnwgi b oyl
3 (Sl s Jls e )3 g o @eie p3 ] Jlo 033L Bos
2 p955 pelipw ) (S5 s yS )l i) plyis o Sl
S sl ;5335 5l 0 ol s e S il oo S8
syl 1 58> bl pas Lulpd )5 (63,5 s 5l 3y 05
Ay o S gl 2 Fhe Al s J b o) S
Sl b s LSS ol pas @b 53 1y (K55 sl S e
(3) il e & S35 g o S 008 J S

L LS ol s 5 gl S lo oawiois leMb 1 olizu
ol el caslio balyd )3 Wlgs oo Sl 0aS” J 1S o 5
2 5 o0 (s Aol JalS 55 g )l sl sl b
T8 g5 plgiea) o> (l3al 1) (S5 Chpdiy Cuo s goone

5- Linkage disequilibrium

-

LY R
aS olail Cliw j K55 dup gdleie Wl by
235 3 kil 1y itn Bl e * 5 stz Slho s bikes
L (501 03))) ooy JUsl BB il ggasms 391 9 (o8 S5
a5 pl 2gmg bl 0390 31481 0y 9 (uigid CleMbl 1 oolatwl
Sliso (S5 390 2 S50 sl (BB 55 U gy 0l
Sl (4932 d)asb o liseo Lnpls )5 (ool
Jabo 0559 dy diunly gy (pl Wl Jlayed 50 slaCudsae
alf b psb 0 W g a3l (o 39 Ml (g L6
S9> 0 e SloglS 5 25 ogeil oo sy canl v loj

Mo Mo w93y oS (65 y9liS” 0aSLild  gal> pole 09,5 sl =1
olyl
Wl ¢ gl cilSlgs ol8tils o liwg, o dasme pole saSuiils giee =2
(Email: m_tahmoorespur@yah00.com  :Jstus osiws =*)
DOI: 10.22067/ijasr.v3i1.36829
3- Polygenic
4- Progeny test



1396 511 3 o bous 9 sl (0l pole sleeidsly 4ot 308

035 dlxe glaz>]

oolosl 00,8l 1S e el Sk SIQTL 2 ogdle
9 yimo (plee b S5 by Sl by mjg 5l (olad oanlie
s oy ST olal 1 o S ol sl 6 il
QTL 5 (2L (ully 9 (s phicdlyy oll ) o JS (o133
S sl 33l 4y sl Bl 51 Sy gl 1 ogde 1333,5 Aol
L Laosiledl Jloy xje8 5 (Bokal odnlie (ool p osilesdl
olsly B3 5l a2 el cand & aE Luibylg g yho wSke
935 dwlore (85 (RHQTL) (ol ¥l (il JS 5 (oigid

1ol 4 Gl dnslxe

st olyon a0 QTL @l S5l G o sl Giooiy ol 5
@y Bl sl (L 15,5 apslee bl Lasls 93 3kl
g g Lol i (als 25 5k S 4 Sl
b o (S ibly ggeome (bl 2 po 5 QTL (sl il
9= =25 )8 4 S )le S8 4 Gl et ls S le g ]

)

bl yasls = b1x(Yp-g)+b2xE @

bl 5 QTL (5= (50 B eanisid G350 YP aolas o) 5
9] 9 S8y b Sl lp S b culpe i 4 b2
5 il Uyl iy 4 D2 4 b1 ol ys sl e QTL
(8) sz a8)5 Lo 1 sae

Alre o5 adal) sl edlatwl Ly Sle eds Bl jas i
(17)as )5
bl jasls =b x Yp (3)

s Al e o (g piycilys e byl D s (g
Ay ol QTL oy g 4ol de d)lge plos 50 (63,8 sl
28 ol 354 BBl (Sij 3l plad job a1 09 anles
23)55 (Gl oo Sl g5 b Gudod ()l

2 elodss sl plogl o8 oll 52 o] &y gl dsuslovs
YL 4 oo, 8l 5l ao 3 20 LS oyl el o pdy g
o9 9 5 )be L bl (asld) 09,5 ja o 1) CLl jasls
Sl e s Sile BMS 5 s L5l Wiy Ll (5l
A Sl 4wl plaisd gloa] adgl (:SSle jload bl
95 S i)l )b ptiges S b ) 6ol (sl b a8
odle BLy 3l g Sf oy 51 (Bolual sl (pioman 9 QTL
5 dslone 1, S5 500 olsl 43 0 sl o3l igd Sk
8,5 )5 oolizul 590

2- Truncation selection

(10,98

LeQTL Ly gy (sl jSle (isi3 5 T I3l 33> 2912
s bl i 55 as (1) o)l ssmlie (63U 5 jlumw dlass 4 5L
D9l y A )3 g Bie Slualie dgwS Cledy Cunl Sao
Ol = odhs 09 00 olyen dagi LB (slas LQTL 1 el
Slino 01 tiS S glogs) g 4 Sosls ol i Sy
o 10) 1l il alols Jloy ajs 5} 3k 293 b sl 5o
Wlgs e )5l slad pl 4 dn gl pas g o i L 1V (12
Rl 500 45008 (Sef Chplin (mipte S jep cage
04l Ygaze 51 cnladl oo codle Bl (S35l 2529 Canl
2 Cadle Glool da g 8 dgus b Swl polie  Jg 298 0 48,5
3 e 3939 (16) canl oais 3155 e g5 5 sy Sl
ly igid Mg oo QTL (il 31259l s 3529 Ll
&S j5lie dlas Mo B s> b ) o

204 (g5luwdn s glaodly 3l edlitwl adllas oyl 5l Bun
el 31 el 390 0 s ogite olio g2y b g
L s el (5,5 s o b o o 005 58 sbags
SoS dy (S Syl e > (g pdycdlyy e Clr
Dg Sty sl )lo

L g, 9 290
dadllas 4y 90 Cuaman

2 9 opeod p 53 1000 Ll 4l men SimgR cnl
073 5 011 jLai 5590 o (5 3gilyg iyd ) (5lodns Wgliy 5
P o i 3,90 Chbo A5 b ol ogdle s 485 i o
S 31 Ly Sy o Sgaseals sl 5 0 sl381 51 QTL
QTL st 555 e Moo 3l Sl 5l pb cov i
250 @ (g elosl gy Ghsyl 9 Mo SN2 (gl ks
A 1 8 ciai b ga by (d) ol b a8 L
(13) 51 392 ok QTL 51 b il g Lol ol o o
V(9)= 2pqfa+d(g-p)I* (3)

qop QTL S5 wils,lg saimd lis V() daleo ol 53
5955 ohi)l ble a5 QTL aldsl sl Y Sl oaims las
Q—.’.‘ » ,\_M:Lu_,o codle Gl sl o.\;.mdei’.j d 5 e C’}i.}%-‘b
A Sy sl Il bl i pd glais ) ad ax8 )3 s
38l gl (55 (Slgld b clite (oigsy Slglyd 1 g b a3

1- Residual polygenetic effect



359 . oS sln el 1097 1 s

A gl Hlade Mo pd G boledg duopd 00 U o pd yauo I QTL
5 lsly 2 QTL opew o7 (Blga 13 9 Ml SialS L]
Jite lyiea) ol plys i slos b g o JB (Sumj
Gl 5l a8 i S e K8 4 bl 4 Gl (o> o
oLl 3 4 (2 Joan) dsl e S 50e 5l oolial (g0 ls]
5 olsel g mwl Lials cel oyl slas 23,8 3);5(15)
ol Gl Jows S (305 536 g 2980 e SV
IRV

S8 & bl 4y gl Gials e ol i ores guls
QTL olon 4y Lai 355 5 b gy cdlyg ial33l L Sk
QTL olyon ay Uas a5 conl (pl oo ol ol cde bl o piiip
1y S5 oilsly 51 syt e 5V (5 pdcdlyg )3 00 29l
Sgb e S sl 4 el 11 g 35l o plyi s L

bl 5 cldle Glodl il agms o8 3l ol Libej] s
LS 5,8 s el wsl e 5 ikl glas ol QTL a8

JolS e Gl sl 3l s islojl el 3908 e o5l 4y gl

a oo i (0=2) JoalS et codle Slpal &) e (d=0)
20,5 Ol 4 gl ials

SeaS dn olswl 4 gl Cus s lis 2 91 gla Jgas

0/1 Lo g pins cilyg (sl 8k 5l ookl et sl a4y S Lo
slled e du (lp Cbl & Fuwl Glaalie pises Adl 0
2 o i Slanlie dosls Cul oad a>)9T S 4 3, lsles]
ey s G5 Ly 5 S8y Ol gl s
@sie SLB)lS 0l (o il IS (Sesj eibyly »» QTL
Sl S8 @ Gl gl 1y 6%);1@;@[1(8 9 4) dles )
owlls maw ialz8l L ilools lis )Sle ey Gl duglds 4o
Lo s oM e 3 b QTL 555 5 ) i slsicee QTL
il ly Gl b o] & gl s Gl A3l ol o
Coud Lol a3 alan Mo o lsbiwl (gllas zolaw olos )0 QTL
A0gs Cgliiie las Calises golaw > QLS &y gl yil58l jlade
2 QTL Lubly Gl 81 b olsesl 4 Gl cans Giul3dl cle
aS cuwl opl (SE=0.0) 25 (15,8 Uas 5l (g5le QTL a8 Loyl
adslee ;3 abogype Copnli oy doeii )3 9 QTL (s pdycdlg
5135900 L ol e 5kl (gllas iol33l b sly o)lis ol

Table 1- Response to selection with marker compared to selection without marker- heritability= 0.1

SE*=0.0 SE=0.1 SE=0.2
1 2
* P =00 d=a2 d=a d=00 d=a2 d=a d=00 d=a/2 d=a
01 01 1091 1112 1133 1059 1080 1.100 1.039 1.053 1.071
02 01 1365 1.388 1419 1133 1164 1.187 1.068 1.091 1.106
03 01 1762 1.804 1847 1358 1396 1435 1.020 1.040 1.070
04 01 2271 2334 2376 1792 1832 1.883 1108 1.142 1172
01 03 1174 1206 1238 1128 1150 1.172 1.093 1.101 1.131
02 03 1615 1.658 1689 1296 1327 1349 1.186 1.195 1.221
03 03 5004 2130 2177 1626 1660 1692 1252 1267 1.299
04 03 2480 2531 2594 198 2005 2.041 1311 1.330 1.384
01 05 1188 1.212 1240 1119 1141 1.163 1.078 1.088 1114
02 05 1604 1.690 1733 1287 1318 1.349 1167 1.185 1224
03 05 2240 2305 2384 1682 1724 1767 1202 1231 1271
04 05 2801 2924 2992 2086 2140 2194 1294 1300 1.308
QTL !
QTL Cyllas J1 gl °
ol Gl ol ®
QTL b 5 lsbil ollas
LQTL effect

2Frequency of favorable allele
® Dominance deviation
4 Standard error of QTL effect
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Table 2- Response to selection with marker compared to selection without marker- heritability=0.3

. , SE*=0.0 SE=0.1 SE=0.2
o P #=0.0 d=a/2 d=a  d=0.0 d=a/2 d=a d=0.0 d=a/2  d=a
01 01 1.007 1.009  1.012 1.005 1.006 1.008 0.996  0.997 0.998
03 01 1.058 1.071  1.092 1.009 1.020 1.038 0.998  0.998 0.999
05 0.1 1170 1221  1.272 1.078 1.105 1.149 0.998  0.999 1.001
07 01 1356 1373  1.397 1.229  1.231 1.239 1.009  1.004 1.006
01 03 1.009 1.048  1.087 1.004 1.038 1.075 1.002  1.039 1.076
03 03 1.013  1.092 112 1.005 1.056 1.083 1.007  1.082 1.093
05 03 1119 1159  1.199 1.026  1.068 1.110 1.009  1.011 1.014
07 03 1319 1379  1.441 1171 1.216 1.216 1.014  1.016 1.018
01 05 1.011  1.052  1.097 1.002  1.042 1.087 0.957  0.99 1.037
03 05 1.022 1067 1.143 1.007 1.056 1.130 0.988  0.998 1.060
05 05 1125 1174 1211 1.019 1.063 1.172 1.040  1.080 1.010
07 05 1357 1399  1.445 1.167  1.199 1.220 1.014  1.016 1.019
QTL !
QTL Cyllas W1 gl °
ol Gl ol ®
QTL b 5 lsbial ollas
LQTL effect

2Frequency of favorable allele
® Dominance deviation
4 Standard error of QTL effect
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Introduction During years genetic improvement of economically important traits, which are amongst
polygenic traits, has been based on the estimation of breeding values i.e. the total heritable effects of genes,
based on pedigree and phenotypic records. This approach had limitations such as being time consuming and
demanding massive phenotypic information. Nowadays, high throughput genomic technologies are available that
provide genotypes of dense markers across genome towards estimating breeding values more accurately.
Accurate estimation of allelic and genotypic effects of markers in linkage with QTLs needs a lot of phenotypic
observations which is not always available in practice. Therefore, the amount of error of estimated QTL effect
could be high. Further, the distribution of the effects of genes controlling traits might be non-non-normal. In case
of overlooking these facts, the predicted genetic progress can be erroneous. The objective of this study was to
find the influence of the accuracy of QTL effect estimation, considering the dominance deviation, on marker
assisted selection response.

Materials and Methods A base population of 1000 unrelated, non-inbred individuals was simulated
according to a trait with heritability of 0.1 and 0.3. The trait was affected by residual polygenic and QTL with
additive effect associated with 0.0, 0.1 and 0.2 standard errors and complete or incomplete dominance effect.
The genotypic effects of the three QTL genotypes were a, d and —a, respectively for dominant homozygotes,
heterozygotes and recessive homozygotes. The QTL had two alleles and the dominance deviation was
considered either equal to or half of the genotypic effect a. The population was in Hardy-Weinberg equilibrium.
The polygenic variance was calculated as the difference between total additive genetic variance and QTL
variance. Residual variance was equal to the difference between phenotypic variance and total additive genetic
variance. Two selection was employed; one with polygenes and marker information, and the other one with
polygenic variance without marker information. The difference between mean of selected group and the
population mean was considered as response to selection. The selection response calculated by truncation
selection based on the performance of top 20% with and without using QTL information over 500 repetitions.

Results and Discussion The results showed higher response for marker assisted selection compared to
conventional selection without marker information, but it also showed the presence of dominance effect for QTL
effect associated with estimation errors leads to decrease in marker assisted selection response. The superiority
of genetic progress with marker assisted selection is proportional to the QTL variance contributing to the total
genetic variance. Increasing standard error of QTL effect to 10 and 20 percent, led to lower genetic response to
selection. When the contribution of QTL variance in total genetic variance is higher, with high levels of standard
error of QTL effect, the response to selection was even lower than response to selection without marker
information. Complete dominance further decreased the genetic response compared to incomplete dominance.
This is because the genetic variance is more influenced by the dominance variance in case of complete
dominance.

Conclusion This study showed that QTL information may be used in practical selection programs when
estimated parameters are of high accuracy to be used in practical selection programs. Estimating QTL effects
with error causes that selection response would be even lower than polygenic selection if the associated error rate
is high. Estimated effects of genes controlling quantitative traits should have less error rate in order to be used in
breeding programs.

Keywords: Dominance deviation, Marker assisted selection, QTL.
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