[ Downloaded from journal of biosafety.ir on 2026-02-08& ]

[ DOR: 20.1001.1.27170632.1396.10.2.6.7 ]

) el Adaa
%?OMGcY DJLAA.:IA‘\~ GJJJ
MW@L&g&) Olae 1 (solows eIy 5|ﬁQTL Gglgst.iﬁj! oalatul!
S5 ez o 90 95909 7 (89

46| P JPR NP ST VSV APY: J W P § S VPO I P S SUUO B WS
'Q‘ﬁ‘cu‘%c&\bvﬂ;a‘}ﬁcu\%QM}(aj,l&.,\;-bcwy\.w‘J\)Tb&i;\}éfs.\w‘}»]u,bb A
Opl Ol o tls pske 03,5 0l gs Slidos 5 ple doly (oDl 15T oKl (5 85 s sl 2l
f}l&b}ﬁsbﬁ:"Q\ﬁ\‘ou;‘duﬁﬂl{.\?@a@\écdj)}usamb‘@\évjj& e}ﬁ)b‘m‘ Al
Ol Ole S Ole S jal dgd oliils (65, 5LS 0aSTisls ¢ als

-Q‘ﬁ\ ‘QL‘:JS cdu;ﬁb%@&a@\) ¢L§j)}u5 o JISESls 4‘54(: r}k« o); LSJ:SJ éj?;@.s\b .f.j‘ﬂ
Q\ﬂ\ ¢QLAJS cdbﬁﬁb%@,&a&&u\) ¢L§j)}u5 oSSl 4‘54(: rjls« e}ﬁ éjfs ngz-..;.»b

ehsan.nasirifar@gmail.com

o>

4

Sl ol 03 53 p55es S S Ay g A (ATL) oS Sl (s oKl el ol 5
G 93 ailrgs (GO 51 A s Comer S GRS ol e s bl B2 (306 - b
L 3l X (RS Ay G S A ele X STt ) ) ooy
LAs S GV P s 080 iy 4 by e Slis o558 slas )5S, il sl (IS
e 3 2355095 G g 2gm s olsalen LS E Gl el a2 4 bg e OB, el
¥ 53 O Sy 1 e ) ahool 0553 oL O igs 4 QTL s 5w A 5 555
Ok O3s Slio 5 A (551 QTL ade 5 bl 3 Jsl die 55 s plonil (gl cilise Jus
S s 5 (P</00) (Sim an B 55 53 &y, 035 Gl oKke (P<h/00) ([Sia e
Gl s sz 5 QTL Jlie S pss Jdo 53 Ll Sl as (P<e/e0) Sain 50 b S
oSl (P<e/00) Suia ler 53 Ok 055 (P<e/00) [Soia 53 55 Oy U3y Sde ler
QTL (P<:/+0) Lﬁ:&.&p U ,uls s s (P<+/+)) Jf,.u 95 U SG wlyey 03 el 5!

Q)


http://journalofbiosafety.ir/search.php?slc_lang=fa&sid=1&auth=%D8%A7%D8%B3%D9%85%D8%B9%DB%8C%D9%84%DB%8C+%D8%B2%D8%A7%D8%AF%D9%87+%DA%A9%D8%B4%DA%A9%D9%88%D8%A6%DB%8C%D9%87
http://journalofbiosafety.ir/search.php?slc_lang=fa&sid=1&auth=%D8%A7%D8%B3%D9%85%D8%B9%DB%8C%D9%84%DB%8C+%D8%B2%D8%A7%D8%AF%D9%87+%DA%A9%D8%B4%DA%A9%D9%88%D8%A6%DB%8C%D9%87
http://journalofbiosafety.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B3%D9%87%D8%B1%D8%A7%D8%A8%DB%8C
http://journalofbiosafety.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B3%D9%87%D8%B1%D8%A7%D8%A8%DB%8C
http://journalofbiosafety.ir/search.php?slc_lang=fa&sid=1&auth=%D9%85%D8%B1%D8%A7%D8%AF%DB%8C%D8%A7%D9%86
http://journalofbiosafety.ir/search.php?slc_lang=fa&sid=1&auth=%D9%85%D8%B1%D8%A7%D8%AF%DB%8C%D8%A7%D9%86
http://journalofbiosafety.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=ehsan.nasirifar-ATSIGN--GMMAAIL-.com&a_ordnum=154
https://dorl.net/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html

[ Downloaded from journal of biosafety.ir on 2026-02-08& ]

[ DOR: 20.1001.1.27170632.1396.10.2.6.7 ]

MR P gl ¥ o ladi ) v 098 ¢ ) sla Alaa”

3 &S e QTL ads 5 il AL e blie Jlpsw die o ds plebid s e

-\/Av 63 gdowe 42 U‘:"A-}}l U'-’-‘ BE oLl JL“L...I: L;LA QTL U.M.sl.u‘j S ) C.JL; 6)\.5 Lﬁ"M V)

o)‘}.hl.ﬁﬂ) L;Lé‘)i‘uu cQTL L;’L’ i L‘ja.!‘j w?:)v\.l.’ "SM ‘Slh 03'9

L3 bes s Ol o 51 eslana
S5 ool 5 ol o 5l OLE(FISH)
O sk 4l f el LS b«
Slie p Jee la O ol 5 e
3 b w5 e ol
3 oo paisen S alie Sl ramen
5 ool s (S ald S sl
S S cla ik gaiS .ol oY
2o sl Sl Sl eslid b 15 sl
L 5 Kayang (2004) LS L s o) sabs
b5 (AFLP) s iS5 cilalss Jub IS
(F) el s sl | ROUSSOt (2003) & sl
b g Jyene sk w05 Slio (S5 ¢ 0
Lme il ol oS 558 o JES 05 cpkir
Jb)-"*sdﬁfmia sla oo )l 13
S gl KL wey 3 addS ls
G gl s bl sl el sl
b OF Gudls 5wy G s 5 bl slo
D sl Sl 5 Lol b als

oS Sl J Gy 5 G e O

4

-

400
»> (Coturnix japonica)  ouli Al
ol};\jmﬁ&io\y%ﬁm O3 550
Sodlge w0 5 e el (S
LSLAWM&J,&A&‘J&&)J\LS\)\JaJJﬂ
)\ J_ﬁ‘ 4.1.&‘5 BE o_)\.';)_; U’i‘ )\ oslaial Calises
S5 5 S Ulse w golasl coeal
vx.b Lgb‘.)) Q..ij 39 V}J LY J\.:SJS LSLA
S s s el s il (0,8 4 e
S J s sl 55, ol = SRR Lol
s sl l—g})‘ BE L;"" J}M OT C,\...I:jf
Sy (GG oS aupe g ey 3 )
Lo ol (A=Y ) O S8 o3l
o5 A8 s b Golew sl p 5o Caslis b S
05 sl (65,40 Q\P@&TJ\ sl 5 VL
ol el LY Gl ARl b e
J.'.’.’.’ w\j u.:?-‘).l.l.a cCJA Lole (\) C».w‘ a.)uji
¢!y .ol Phasianidae el gl 4 e
S5ms h e s ool elSS s me S s


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html

[ Downloaded from journal of biosafety.ir on 2026-02-08& ]

[ DOR: 20.1001.1.27170632.1396.10.2.6.7 ]

MATL b 4l eslizal O, Ken 5 b 5 e

oy 4) ey YE sl i bl (A o3l
Fi el OB, o 5 (o3be 0kiyy YO 5 5
Sk bl (F2) s s s ol
o o VY slas Fr s OB W, 350
0 b 53 (esle oli o W 5 S YU P2
Il Jod M5 Gl s s Jlse e
o3le ok G LP s 53 ey e (F1)
aw b ek a By s s diesls 30
350 e A SF Do a) ol sy
A esls W (eale 08, 31 S L LS
Jos OB, 51 i 58 5520555 sske &
s U 05 bls s, Sliv glas, S, B2
CE L il ey Sais =0 UG 035
(Kleiber L JS cus a8 o310 o/
YUY Sl sls o5 4 by Ratio)
oLt (Saiat LY (SKua¥ by Suis
bl 5l eslial b (Sain 06 s 5 Suin
L 5 (Kleiber, 1947) S Lo g oui &)
S L Wl Doy ol oSSk s
Ois & Wb o3 s S5 Sl sbe o)
ales 0553 Olen leml po ol (S sl
ol Sle ADG el ol s a5 A
Sl sl Sl edd ale Ll3s, 055
Sl s Ssbe 035 WO 5 ass

) 5350 U5 o3

Q

qy

b Ut ol SaS 6l 03 S el
S oS J xS gla 05 oKl sl Ol
sl bl s slels | QTL) oS cuiw
5 (Gl 5 ade (Al LD (S
©) 55 s b 6l s Wil e
b sk ke 4 ol Sl Sl
Cope ssb 03 WS Slio gl WSl
Sllp s ame gl QTL 5 ol w0 S
Sl 0 158 8 e s Ciloie Slis ol
b s i 35 ool 53 ( 0=V
lio b kie s QTL Ll ke
S0 p Swia 0 53 O O le il
» oemen s Minvielle (2005) s 033503,S
05585 S p WS 5 Ah, Sls o)
JVRCRE S JOMNEIRE SRR JPIN
L s 93 padses S o3 My Sliw )
SESUIS I NTPRCNIWIE S G g AU
Lok o) Al gLl rasn ol
S 3 3 esled piges S Sy Ay Slis
RCO U L IENPRTR o RCWIPS

Ls s, 5ol

e F 653055, 5 ph E Corer
OIKa5) dads s 3o Sl 0y S A 3l
6 (2355) Sy a5l ey Cix A
Wb gy 3 5 ol (P) Wiy s Olss

X&}f}&)o)bX@f)L@TOﬁ


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html

[ Downloaded from journal of biosafety.ir on 2026-02-08& ]

[ DOR: 20.1001.1.27170632.1396.10.2.6.7 ]

MR P gl ¥ o ladi ) v 098 ¢ ) sla Alaa”

ANTP 5 Sav/e MQCI2 1) S
S ol A Se S
3 deiel ST A 5 S VU0 WS el
Al a e b SS eyl ads Sy
Ll s cos PCR sty sl o5 g0
aids 0) sl gile ad g il rl?;;‘ﬁj
Yoo (OIS sl axs 40 les U
Last ™) ol axdly ol e Joli 4 >
o ST Jlasl (ol 5 ol a5 40 gles
ST a ang los L 3l ) (SN s,
a3 VY Gl b agl £0) 5l ks vy o
0) 2§ Lo > ulg 5o 5 (IS L
OF) 1S she asys VY glos L aids
S 5 PCR Y uams 55585 5801 g
i puly Aol b ST L U5 5l ol colaks
5 el Ky sl i eslinad dsys A L
L eslizal o i Ol xS el K, iy

0¢)

q¥

Kleiber Ratio (KR) = APG [ 0.75

555 s s DNA £

RS | N T fL“:;\JL::,st;a)a
Sly 0 lad gl el Jor S O
Ao EDTA sl s ool gsl= slad
Ol By dd Jame 55 % a0 b & ged o
.>\j§u:,3Lw a5 =Y gy s C‘Jﬁﬁw‘
ootk 53 0555058 Gy ol abes, oKL
EVY slawd) fod 4w a OB, 5 () S
CJ??"S °J‘j'°L"j-iJ j_<;LL., ¢ C)'i\ LS‘J-B (e.,b'ﬁ.
oslaiu! L: e)b.‘htcﬁ‘) LSLQJKJLZ«J A %};5
33 5 (PCR) Sl (ol om0 2815 5
JZ:J)J&.A A\t JAL.I: f:jjjg::‘ Yo &15 =
& PCR L s, <.ve DNA


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.6.7
http://journalofbiosafety.ir/article-1-154-fa.html

MATL b 4l eslizal O, Ken 5 b 5 e

L}:‘E}J Cﬁ.“).} 4.'JUQO .))).A °)‘)"=L‘J.'.’.) éuji.:u».s LASQLM&-A—\JJJQ-
Table 1. General characteristics of the microsatellites markers used in this study
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Sl Ao oS S s 2y ST Jis ;)'Ui\ =
Marker Position Reverse primer (5'-3") Forward primer (5'-3") S bl
Name (cM) Size ¢
range TA

(bp) (C)

GUJ0073 0 CAACTGCAAAGACAACATCC GCTGCTATTCTGTTGATGTG 1{‘;(') 52
GUJ0069 13 CACCAACCACCTTCATCTTC TTCAGGGTAGCAGTCATCTC 220111 54
GUJ0084 44  TCCCGTCTCCCGATGTGTTT ACTCCTCCTCTTTCTCCCTC 11535 55
GUJ0093 60 AGCCATAGAGGGCTATTAAG CTCTTGTATTGTAACTGGGC 221331 60
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Fig. 1- Indicative of markers and position of them on chromosome 2 of Japanese quail.
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Table 2. Summary of Descriptive statistics, phenotypic data of F2 generation
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Trait Number Mean Min Max
r.s.d 12,3CV
Wo 422 6.8 4.80 9.50 0.69 10.1
W1 419 23.1 11.30 41.40 4076 20.6
W> 420 47.6 21.00 74.80 9.30 19.8
W3 420 83.0 15.90 124.10 13.55 16.6
W4 417 120.9 63.10 168.30 17.96 15.1
Ws 353 153.1 82.50 202.70 18.15 12.0
ADG.0-1 419 2.3 0.59 4.86 0.65 27.9
ADG.1-2 418 3.5 0.79 6.21 0.79 23.1
ADG.2-3 418 5.0 1.73 8.03 0.91 18.5
ADG.3-4 416 5.4 2.01 11.33 1.14 21.0
ADG.4-5 348 4.6 1.60 7.90 1.32 28.4
ADG.0-5 353 4.1 2.17 5.59 0.51 12.4
KR.0-1 419 0.2 0.10 0.30 0.03 13.8
KR.1-2 418 0.2 0.07 0.25 0.02 125
KR.2-3 418 0.2 0.09 0.31 0.02 12.8
KR.3-4 416 0.1 0.06 0.42 0.02 15.3
KR.4-5 348 0.9 0.04 0.46 0.03 29.5
KR.0-5 353 0.2 0.01 0.10 0.005 5.1

o=l ADG.01-05 ¢ Sain 0 bY i 3 Ll <ond KRUOL-05 ¢ (0 8) (SKain 0 6 51 e 035 WI-W5 T 0l W0

ks 55l ekile L Sl Gl sl © e b e 5lﬁw,mc@¢¢§;gbe(rﬁ>u§no BY o 03 ailisy O

ol Ll

AWO0: hatching weight;W1-WS5: live weight at 1 (W1), 2 (W2), 3 (W3), 4 (W4) and at 5 (W5) weeks of
age (g); KR.01-05 and ADG.01-ADG.05: Kleiber ratio and average daily gain (g) between consecutive
ages, respectively; ° Trait mean adjusted for fixed effects included in the model. ¢ Residual standard

deviation after fitting the basic fixed effects.
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Table 3. Summary results of Additive and Dominance QTL effect

Ao o
e b er QTL 7 S
CLo Sz 90 F ULa\ J".l‘)‘}
QTL effect ) o3l
QTL
Trait Position F- gt e VarL Closest
(€M)  Value Additive(s.e) Dominance(se)  *~=>»  Marker
W4 0 4.50* 0.02(0.12) -0.51(0.17) 1.58 GUJO073
ADG.2-3 0  454* -0.04(0.12) -0.53(0.17) 168 GUJ0073
KR.1-2 0 5.19* 0.06(0.14) -0.65(0.20) 2.11 GUJ0073

Coandpe ((Saia Y U s oos KRUL-2 . (p5) Sea Y LY wlis; 035 Sl ADG.2-3 « (p8) Sais £ o5 055 WAR

..Jw)b 0 ck.w)b Lg)lb JM LSLA MLLAT *C L;;M}ﬁ: PR quw\J.: Lf"i\j m?)vLLJ 92 p)'}»jjs 6})QTL
aW4: live weight at 4 week of age (gr); ADG.2-3 average daily gain (gr); KR.1-2: Kleiber ratio, ® QTL
Location on chromosome 2 of Japanese quail based on linkage map. ¢*, P < 0.05.
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Fig. 2- Test statistic curves resulted from the fitting model additive and dominance
effect of QTL. The horizontal line represent of significant thresholds in 5% level.
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Table 4. Summary results of fitting model QTL by hatch interaction

RIS cilss @}QTL Sl Sl

i b i L F Sl ’jw = QTL by hatch interaction
Trait POS('E'I\% Fvale 9T e T S e
) Mit Marker Additive(s.e) Dominance(s.e)

1 0.40(0.25) 0.47(0.40)

2 0.48(0.36) 0.16(0.40)

W2 0 2.17* 2.17 GUJ0073 3 -0.46(0.24) -0.58(0.35)
4 -0.14(0.27) -0.93(0.35)

5 0.44(0.26) -0.03(0.47)

1 0.23(0.25) 0.06(0.41)

2 -0.09(0.38) -0.23(0.40)

w4 0 2.11* 9.82 GUJO073 3 -0.41(0.24) -0.61(0.35)
4 -0.08(0.27) -1.13(0.35)

5 0.47(0.26) -0.36(0.47)

1 0.41(0.19) -0.08(0.28)

2 0.55(0.28) 0.41(0.32)

ADG.1-2 13 2.73** 403 GUJ0069 3 -0.34(0.18) -0.49(0.26)
4 -0.11(0.21) -0.74(0.25)

5 0.26(0.20) -0.19(0.33)

1 0.33(0.23) -0.41(0.34)

2 0.69(0.34) 0.52(0.38)

KR.1-2 12 2.55** 16.67 GUJ0069 3 -0.30(0.22) -0.70(0.31)
4 -0.25(0.25) -0.82(0.30)

5 0.11(0.24) -0.55(0.41)
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Abstract

A cross F2 plan was used to identify quantitative trait loci (QTL) affecting growth on chromosome 2 of quail. In
this study, a three-generation population was developed of reciprocal crosses of two strains of Japanese quail
(white male layer x wild female broiler and wild male broiler x white female layer). Phenotypic records related
to birds’ growth traits of F2 generation (422) were recorded. All three generations of birds for four microsatellite
markers on chromosome 2 were genotyped. QTL analysis was performed with least squares interval mapping
method based on regression in three various statistical models. In the first model, additive and dominance effects
of QTL were fitted and body weight traits in four weeks (p<0.05), average daily gain in two to three weeks
(»<0.05) and Kleiber ratio one to two weeks (p<0.05) were significant. In the second model the interaction of
QTL and hatching were investigated. For the following four traits: body weight in two weeks (p<0.05), body
weight in four weeks (p<0.05), average daily gain of one to two weeks (p<0.01) and Kleiber ratio of one to two
weeks (p<0.05), significant QTLs were identified. In the third model, the additive and dominance effects of QTL
by sex interaction were investigated and no significant trait was found. QTL variance identified in this study was
in the range of 16.67 — 1.58. In this study, a number of genomic regions associated with growth and related traits
were identified.

Keywords: Japanese quail, microsatellite markers, QTL mapping
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