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4- Galliformes
5- Phasianidae
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Table 1- Summary of general characteristics of the microsatellites markers used in this study
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Marker Chromosome Forward primer (5' - 3 Reverse primer (5' - 3")
GUJ0059 5 GACAAAGTTACAGCTAGGAG TAGGTGCGAAAATCTCTGAC
GUJ0049 5 GAAGCAGTGACAGCAGAATG CGGTAGCATTTCTGACTCCA
GUJ0100 5 GCATTTCCATCAGTACAACC CAGAATATAAGGTCACAGCC
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Table 2- Summary statistics for the Japanese quail F2 birds data

Co s oad moal ke il Sl oile 3l jlen Uil (30 3) Sl yis s
Trait Number  Adjusted mean Min  Max Residual standard deviation CV (%)
(10,3) 43 e 417 73.50 27.46 97.73 133 4.25
Carcass efficiency (%)

o 22)3 421 35.29 3.90 4763 2.91 8.24
Breast percentage

Job sy 415 0.78 020 0.20 0.86 110.28
Spleen percentage

a5 o) 421 3.06 175 893 0.55 18.07
Liver percentage

ol 222 421 16.72 1001 3553 163 9.77
Back percentage

(p5) S s 422 1.00 186 6.05 0.45 1135
Gizzard weight (g)

(p5) % 039 422 36.90 1439 54.08 3.10 8.39
Breast weight (g)

(p5) = 05 422 5.90 406 753 0.29 5.00
Head weight (g)

(p5) 3 0 422 3.40 185 9.64 0.55 15.84
Liver weight (g)

(ps5) < 09 422 1730 854 3095 1.83 1058
Back weight (g)

(p5) S 0 416 0.10 002 0.23 0.03 32.42
Spleen weight (g)

! Trait mean adjusted for fixed and hatch effects in the model.
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Table 3- Analysis results of additive, dominance and Imprinting QTL effects by hatch interaction

e 5 QTL iz 51 S
Ciuo (M) cusbge = QTL effect by hatch interaction B QTL b lg F o)l
Trait Positon Hatch L—iu-ué)wl d.a.l.c L;MJI)BI Closest VQTL (%) F-Value
I(SE)? D (SE)® A (SE)* marker

5Y e - -2.52(0.95 2.84(0.68
aY plesd, 10 (0.99) ©88) " GUso04e 6.39 2.86%*
Carcass efficiency - - 2.38(0.68)
S OJ9 19 2 - - -1.99(0.60)  GUJ0100 2.94 1.84*
Breast weight (g)

1 - - -0.27(0.10

Job 22,2 11 10 Guioose 451 2.20%*
Spleen percentage 2 - -0.40(0.15)  -0.29(0.10)
35 2oy 16 5 - -0.56(0.20)  0.47(0.12)  GUJ0049 3.44 1.99*
Liver percentage

. 2 - - -1.91(0.70
e 2253 19 ©79 Gus0100 5.89 2.73%x
Breast percentage 3 - -4.47(1.13)  -2.47(0.67)
A“.S o 15 5 - -0.55(0.18)  0.52(0.11)  GUJ0049 4.61 2.33%*
Liver weight (g)
e 039 12 2 0.14(0.05) - - GUJ0049 4.01 2.12*

Head weight (g)

Sige 4l ol 2 0 poisen)S (59 590 (5o e QTL cosdye’

ilye 3yl bt b QTL il 5 aule St ol 51 ,Sily i
bl go poisag)S a3 2oy Vg0 g 1 QTL Jlogne 31 Sobo sy %% >

1 QTL Location on chromosome 5 of Japanese quail based on linkage map.

2.3 4 1mprinting (1), Dominance (D) and additive (A) QTL effects with standard error, Respectively.
*, **are P < 0.05 and P < 0.01 chromosome-wide Significance level of QTL, respectively.
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Figure 1- Test statistic curves resulted from the fitting model of QTL effect by hatch interaction. The horizontal lines
represent the significant thresholds in 1 and 5% levels respectively.
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Table 4- Results of additive analysis, dominance and imprinting QTL effects by sex interaction

oz 9 QTL Jilize 31 _ L
JESSCC R St

Cdo (M) cusbge " uin QTL effect by sex interaction o QTL F ol
Trait Position Sex St yaen)] ale At M;)rskes: Var F-Value
I(SE)® D(SE)* A(SE)® %)

$) cuio 5 1
(¢5) F O 12 - - -0.52(0.19) GUJ0049 2.28 2.61*
Back weight ()

> . 2
(p.5) 059 17 - -0.15(0.05) -0.09(0.04) GUJ0100 5.53 5.08**
Head weight (g)

&\ .1.2e. . 2
(p5) s 39 0 - 0.21(0.07) - GUJO059  4.20 4.04%*
Gizzard weight (g)

5) a 2
(p.5) sz 22,2 19 - 1.90(0.63) -1.31(0.37) GUJ0100 4.58 3.28*
Breast percentage (%)

$) iy 1
(p5) oy 222 12 - - -0.51(0.19) GUJ0049 2.22 2.57*
Back percentage (%)

P . 2
(p5) Job o 10 -0.01 (0.00) . GUI0049 1111 267

Spleen weight ()

Stge 4B olol 3 0 poiges)S 59y o9 (Bl s p QTL Cusdye’
Y =oobe iz V =y UM;?Y
il o 3 it ozl L QTL (il 5 le Sty omal 51 ,Sil i "7
sl e pojgeg)S gdaws )3 loyd V90 pdaw 3 QTL b e 1 Sl s &y ** o>
1 QTL Location on chromosome 5 of Japanese quail based on linkage map;
2Male= 1 and Female=2

34.5The Imprinting (1), Dominance (D) and additive (A) QTL effects with standard error, Respectively.
*, ** are P < 0.05 and P < 0.01 chromosome-wide Significance level of QTL, respectively.
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Figure 2- Test statistic curves resulted from the fitting model of QTL effect by sex interaction
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The horizontal lines represent of significant thresholds in 1 and 5% levels, respectively.
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Introduction The purpose of breeding is to rear animals which are biologically and economically important.
Among the domestic species, the poultry, due to the large number of offspring per parent and short generation
interval, enable researchers to run breeding programs even on small farms. In this regard, quail because of
certain characteristics: short generation interval, large numbers of eggs, disease resistance, and low cost farming
is of great interest to biologists and commercial growers. Japanese quail (Coturnix coturnix japonica) has been
grown for the production of meat and eggs in Asia and for its meat in Europe and America during the recent
years. Despite the great diversity of traits in Japanese quail, only a limited number of genes and linkage groups
related to the bird have been identified. Japanese quail belongs to the order Galliformes and the Phasianidae
family. The considerable phylogenetic similarity between quail and chickens in the number of chromosomes and
the genome size makes the quail qualified enough as a model for studies on poultry. Furthermore, the similarities
between 9 chromosomes and chromosome Z in quail and chicken have been confirmed and following the
divergence, only small numbers of chromosomes of the two species have changed. In recent years, the attempts
at mapping of quail genome based on the segregation and identification of microsatellite markers has begun and
50 microsatellite markers were identified in quail. This study examined F2 population of Japanese quail to find
the loci for carcass traits on chromosome 5 using microsatellite markers. The population included crosses of two
strains of Japanese quail (white and wild strains) and the traits examined included weights of hot and cold
carcasses, internal organs and carcass parts.

Materials and Methods Polymerase chain reaction (PCR) amplifications of each marker for 472 birds were
carried out on a Thermal Cycler (Eppendorf, UK). Afterward, the population was genotyped using AlphaEaseFC
4.0 software for each marker. Parental (P0), F1 and F2 individuals were genotyped with 3 microsatellite markers.
A genetic model, line-cross, was applied for QTL interval mapping analyses using the regression method in the
GridQTL software. Data analysis was performed with least squares regression interval mapping method. The
line-cross analysis employed the models including joint effects of additive, dominance and imprinting. The QTL
by sex interaction was assessed to determine whether the effect did differ between the two sexes. The additive
QTL effect by hatch interaction was also analyzed.

Results and Discussion Significant QTLs were identified for carcass efficiency, breast percentage and breast
weight, liver percentage and liver weight, back weight and back percentage, spleen weight and spleen
percentage, gizzard and head on chromosome 5. The QTL for breast weight and percentage were identified at 19
cM (in position marker GUJ0100) on chromosome 5. The QTL for head weight and percentage and weight of
back were identified at 12 cM (in position marker GUJ049) on chromosome 5. Other QTLs were mapped at 10
cM for carcass efficiency and spleen weight, at 0 cM for Gizzard weight, at 17 cM for head weight, at 15 cM for
weight of liver, at 16 cM for liver percentage and at 11 cM for spleen percentage. The proportion of the F2
phenotypic variation explained by the significant additive, dominance and imprinting QTL effects ranged from
2.22 t0 11.11%. In the current study, QTL affecting different traits were mapped to similar chromosomal
regions. These evidence are indicative of genetic correlation among traits and correlated response to selection. If
these traits are really controlled by the same pleiotropic QTL or by closely linked QTL, therefore they are in
linkage disequilibrium (LD). However, higher resolution analysis is required to distinguish LD from pleiotropic.

Conclusion The present study identified informative QTL regions that may form a useful resource as part of
our advance on developing DNA tests for carcass quality and internal organs in Japanese quail. However, it
should be noted that to identify candidate genes and informative markers in linkage disequilibrium with QTL
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affecting carcass and internal organs traits, association studies using SNP markers may be needed for the
significant QTL regions detected in this study. The results showed that the identified positions for some carcass
and internal organs traits on chromosome 5 were similar to the characteristics of quantitative traits (including
pleiotropic and epistasis effects) and can be effective in phenotypic differences of trait. Such results are
indicative of genetic correlation among traits and correlated response to selection.
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