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ABSTRACT

This study exploited the co-segregation of quantitative trait loci (QTL) affecting pre-weaning traits in
Ghezal sheep. Two half-sib families (n=71) were genotyped for 8 informative microsatellite markers cover-
ing chromosome 1. Data for production traits (birth weight (BW), weaning weight (WW), average dairy
gains (ADG) and Kleiber ratio (KBR) were collected. Investigated microsatellite loci were successfully
amplified in progenies and allele numbers per locus ranged from 2 (CSSM11) to 10 (MAF109). Two mod-
els used for estimation of QTL effect were across families and individual families. QTL mapping were con-
ducted using online GridQTL. The results show that two the QTL retained significance (P<0.01) for BW
and KRB at the region of flanking markers CSSM019-CSSM032 and BM 1312 respectively. Further studies
will be useful using more families, animals and chromosome number for identification of co-segregation of

QTL affecting pre-weaning traits in Ghezal sheep.

LA 01K Ghezal sheep, half sib, microsatellites, QTL mapping.

INTRODUCTION

Growth during the pre-weaning, in particular, is the most
key factor in rearing sheep for determining of more profit to
the farmer. There is a growing body of literature that recog-
nizes the importance of early expressed traits which influ-
enced not only by additive genetic contribution, but also by
ewe genetic and non-genetic effects such as dam age, defi-
ciency of nutrients in intrauterine and placental barrier may
play role for birth weight (BW) condition (Gardner et al.
2007). Understanding of genetic architecture of pre-
weaning trait plays a crucial role and insights into the es-
sential knowledge about this period life. Such information
may help genetic improvement by the accurate selection.

Early stage of life in livestock has complexity due to weak
immune system and high susceptibility of neonate to envi-
ronmental pathogens. BW is associated with post weaning

growth traits in general as well as the mature market weight
(Boligon et al. 2009). The weaning weight (WW) is used as
a criterion to select animals for further breeding (Guidolin
etal. 2012).

Low lamb BW has significant negative correlation with
high neonatal mortality rate and the other side of the coin,
high lamb BW increased frequency of injury or death of
ewe and lamb during conception (dystocia) and need vet-
erinary assistant, or veterinary technician (Alexander,
1974). A considerable amount of literature has been pub-
lished on relationship between lamb BW and lamb mortal-
ity and survivability during weaning (Fogarty et al. 1992;
Hatcher et al. 2009). Data from several studies in different
sheep breeds demonstrated that direct and maternal herita-
bility rate obtained of BW have been highlighted within
0.15-0.21 and 0.18-0.24 ranges, respectively (Safari et al.
2005).

319


mailto:ajavanmard@tabrizu.ac.ir
http://www.ijas.ir/

Co-Segregation of QTL for Pre-Weaning Traits in Sheep in Chromosome 1

Up to now, great attention has been paid to identification
of the casual mutation within variety of major genes for
growth trait in different sheep breed. In this regards, DNA
technology offering new powerful tools for understanding
of genetic architecture of economical trait in livestock as
well as sheep (Andersen et al. 2004).

Microsatellite markers are most powerful tools for dis-
covery of polymorphism within genome due to following
advantageous: co-dominate nature, high distribution, high
number of alleles, automated genotypes scoring and spe-
cific computer tools for interpretation of data. Numerous
applicability of microsatellite markers in livestock was ap-
plied such as genetic diversity, parentage test, linkage maps
and QTL mapping. The ovine linkage map consisted of
1374 markers representing 1333 loci arranged 3580 ¢cM and
in overall, 2325 Sheep QTLs for 251 different traits accord-
ing to 158 publications was reported in animal QTL data-
base website.

It is still not known which QTL significantly control both
BW and WW in indigenous sheep. Within this context, in
this paper, we argued about QTL simultaneously influenc-
ing BW and WW in Ghezal fat tailed sheep.

MATERIALS AND METHODS

Animals and sampling

In overall, 71 individuals from two Half Sibs families were
taken from Meyandoab breeding station. The system of
mating within herds was performed according to natural
service and during of mating season, first age weight and
body conformation of each candidate ram was monitored
and then candidate sire introduced to 15-20 ewes after heat
detection for service. After lambing season, ear tag
identification system was used for newborn lambs and
those sire with high number of offspring was used for
establishment of paternal half sibs families for QTL
analysis.

Two half-sib families (n=71) were used to analyze QTL
for four production traits [BW, WW, average daily gain
(ADG), Kleiber ratio (KBR)]. Following formula was used
for adjustment of different lamb weaning age for 90 days:

Acual, WW= (Acual, WW-BW) / (Acual, Weaning age
(days)) x (90+ BW,)

The secondary data (ADG) was calculated for ADGI
(birth until 90 days using following formula:

ADG (g/day)= (WW-BW) / (weaning age) x 1000
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Kleiber ratio: Kleiber= rate of growth / mass of body®"

Molecular analysis
In overall, 71 individuals from two paternal half sib’s
families were selected from whole population.

DNA extraction, PCR reactions and samples genotyping
DNA was extracted from blood, according to Samadi
Shams conventional protocol (Samadi Shams et al. 2011).
A nonodrop tool was used for measurement of extracted
DNA purity according to OD 260/280 nm ratios.

Eight polymorphic microsatellite markers located in
chromosome one were used for the genotyping. The marker
spacing on the chromosomal map was between 5 to 40 cM.
Priority for selection of candidate microsatellite markers
was according to reported polymorphism information
content (PIC), sharp electrophoresis pattern and exhibition
of high hetrozygosity for each sire for traceability of
alternative alleles within their offspring. Table 1 shows
summary of investigated loci, motif, allelic size, primer
sequence in this study.

Electrophoresis method in 4% metaphor gels at 65 V for
3 or 2 h, depending on the expected allele sizes was applied
for polymerase chain reaction (PCR) products. 25 bp
ladders of molecular weight markers were employed for
estimation of allele size range within each specific SSR
locus. That microsatellite indicated uninformative genotype
was excluded from further statistical interpretation.

PCR amplifications were carried out in 25 pL reactions
containing: 1 uL of genomic DNA template, 2.5 puL of 10x
PCR buffer, 0.5 uL dNTPs (10 pM stock), 1.5 uL MgCl,
(25 uM stock), 0.2 pL each primer (25 uM stock), 0.5 pL
Taq- Dream Taq (1.25 units/mL) and 18.6 uL of de-ionized
water (ddH,0). All reactions were run on either an
Epperndorf Master cycler® X50 thermal cycler.

A touchdown nucleic acid amplification protocol was
carried out for minimizing stutter band and genotyping
error as following detail: initial denaturation (94 °C-6 min);
(b) 1 cycles of denaturation (94 “C-45 s), annealing (68 “C-
50 s) and extension (72 °C-50 s); (c) 1 cycles of
denaturation (94 °C-45 s), annealing (66 °C-50 s) and
extension (72 "C-50 s); (d) 1 cycles of denaturation (94 °C-
45 s), annealing (64 °C-50 s) and extension (72 “C-50 s); (e)
1 cycles of denaturation (94 °C-45 s), annealing (62 °C-50
s) and extension (72 °C-50 s); (f) 1 cycles of denaturation
(94 °C-45 s), annealing (60 °C-50 s) and extension (72 °C-
50 s); (g) 25 cycles of denaturation (94 *C-45 s), annealing
(58 °C-50 s) and extension (72 °C-50 s) and final extension
72 °C for 5 mins.
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=10l Summary of general characteristics of primers and genes studied in this research

Locus Primer sequence Allelic size (bp) Motif sequence
AATAGACCATTCAGAGAAACGTTGAC
MAF64 109-141 (TG)13
CTCATGGAATCAGACAAAAGGTAGG
CTTAAAATCTGTCTTTCTTCC 90-106
ILSTS004 TAGTGTGTATTAGGTTTCTCC 100 (CA16
ATGCGTCCTAGAAACTTGAGATTG 183-186
CSSM004 (GT)10(TA)5
GAAATCATCTGGTCATTATCAGTG 196-220
TGTTTTAAGCCACCCAATTATTTG
M11 173-1 A)3.CG.(CA)12
€88 TTGTCAGCAACTTCTTGTATCTTT 73-197 (CAI.LGCA)
MAF109 GGAAGATTAGAACTTTCATATATCTTTAAACTC 157-195 (CT)7TT(CT)14(AT)6GT
AATTGAATTTGAAGTGTATATGCCTAAATGC (AT)8
TTGTCAGCAACTTCTTGTATTCTTT 137-155
CSSMO19 (TG)18
TGTTTTAAGCCCACCCAATTATTTG 143-159
TTATTTTCAGTGTTTCTAGAAAAC 206-220
CSSM032 (CA)19
TATAATATTGCTATCTGGAAATCC 226
CGAGTTTCTTTCCTCGTGGTAGGC
INRAO11 203-215 (AC)8AT(AC)9

GCTCGGCACATCTTCCTTAGCAAC

Statistical analysis

Two models were used for estimation of QTL effect: across
families, individual families for multiple marker analysis
according to Knott proposed regression procedure (Knott et
al. 1996). QTL mapping were conducted using online
GridQTL using 1-cM intervals for marker genotypes within
chromosome. Generate F-ratios for position of each puta-
tive QTL was carried out during fixation of presumption of
analysis. Lander and Botstein method for estimation of the
LOD drop-off method and confidence intervals (CI) of each
QTL locations was tested (Lander and Botstein, 1989).
Displaying of cutoff for suggestive and significant thresh-
olds of identified QTL was indicated according to Lander
and Kruglyak (1995) report and following of permutation
test (Churchill and Doerge, 1994). Construction of parental
half sib families allowed offspring receives a dams origi-
nated random alleles at the marker locus. The QTL statisti-
cal analysis for HF design was according to Soller and
Genizi (1978) linear model with following detail:

Yij= u+ S;+ M + e

Where:

Yij. phenotypic value for the k-th offspring of the i-th sire
which receive j-th marker allele.

u: population mean for the trait.

S;: effect of the i-th sire (1, 2).

M;;: effect of the j-th marker allele of the i-th sire.

e residual effect.

Regression model to find the QTL position was
employed according to Haley and Knott (1992) suggestion

within candidate the chromosome.

y=un+aXl+pX2+e
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Where:

y: observed phenotype

X1=P (QQ [Mi)-P (qq | Mi)

X2=P (Qq | Mi)

X, and X,: probabilities for QTL genotypes.

o and B: term in regression coefficients indicated the
difference between the homozygote QTL genotypes and the
QTL dominance effect, respectively.

They suggested formula for approximate likelihood ratio
test statistics was indicated as follow:

LR= nln(SSEreduced) / (SSEfull): nln(l'rz)
r’: usual R-square for justification of percentage of vari-
ance.

RESULTS AND DISCUSSION

PCR-SSR and animal genotyping
Figure 1 shows quality of expected genomic DNA and am-
plification of PCR products in different investigated loci.
Investigated microsatellite loci were successfully ampli-
fied in progenies and allele numbers per locus ranged from
2 (CSSM11) to 10 (MAF109). Figure 2 also shows ob-
served allele size and individual actual allele frequency in
different investigated microsatellite markers in this study.
The information content of an individual marker is the
proportion of animals in which the allele inherited from the
sire can be unambiguously identified. Average information
content across the two families and all of the investigated
intervals along chromosome 1 ranging from 0.86 to 1 (Fig-
ure 3). Figure 4 shows permutation test results for the indi-
vidual families and across families’ analyses on 5% and 1%
significant levels obtained for measured traits.
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Two the QTL retained significance (P<0.01) for BW and
KRB at the region of flanking markers CSSMOI19-
CSSMO032 and BM1312, respectively. Table 2 shows sum-
mary of significant QTL from individual family analyses.

Significant output of present reports was observation of
co-segregation of QTL for ADG and Keliber ratio shows
between measured per weaning traits in Ghezal fat tailed
sheep in chromosome 1 were identified in 654 and 624 CM
in family number | (chromosome-wide significance of
(P<0.01).

Figures 5 and 6 shows F-statistic curves resulted from the
QTL analysis of individual half-sib families and across
families’ analysis on chromosomes 1 of sheep.

Understanding of genetic architecture and casual muta-
tion of candidate gene responsible for growth may help for
respond to directional selection. Popularity of sheep meat
and consumer preference for this species is unbelievable
due to religious and cultural perspective. Therefore, motiva-
tion of genetic researcher is strong to focus on growth trait
in indigenous sheep breed.
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BW and WW are the early stage of growth characters and
main key impacts on lamb survivability and growth per-
formance traits. BW and WW of Ghezal sheep under dif-
ferent management systems have been reported and vary
from 3 kg to 4.21 kg and 19.79 kg to 25.83 (Baneh, 2009).

Growth trait was assumed with moderate heritability and
pre-weaning growth trait correlated positively with market
live weight of animals. Paternal half Sibs families QTL
design is based on capability for search of Mende-
lian inheritance of heterozygote genotype rams pattern to
their offspring during tracing of pedigree structure (Haley
and Knott, 1992).

The outputs of this report and identified QTL were com-
parable with other similar work on chromosome 1. Two
QTLs retained significance (P<0.01) for BW and KRB at
the region of flanking markers CSSMO019-CSSMO032 and
BM1312 respectively.

Based on high homology rate and cross species studied
on linkage map of three bovines, ovine and caprine species,
comparison of QTL mapping across species are possible.




Bagheri ef al

Cssmi13 1ists004

0.400 0500
f oo s
3 um g o2
n i L I
- - - oo - R | — —_ o
i 13 141 MS Mr 188 Jt 1t 15 116 1 26 ] 100 10
Caamid1d [T
Lecus Loous
mal108 cssmll
0.400 B0
= > Q500
F e 1T
3 o2 3 oo
£ 00 § oo
2o - - <
oo = _— - 6od
M2 | 43 la4 | 18 | 150 | 153 | 1% | 157 | A& | W m 157
109 asall
Locus Locus
J L J
£55Mm32 C5smO0d
0500 0400
1= fom
$ oo l g o l I
H
= 00 £ oo
aooo I = o — aite - = -
m ns ne i u m 195 200 07 E] m s
[Li T Casmbid
Lotun [
maféd incall
040 0400
¥ oam ¥ oam
?i 0200 I l § o
2 oo I . 2 a0 l
o000 + . . A= - 00 - - = . -
(11} ] 0 129 m 113 ne | 1@ | H7 | W | mo | ms | nr | ms | o
malel wall
Loous Lo

Observed allele size and individual actual allele frequency in different investigated microsatellite markers in this study

0.8 -

MWW N e oMo
~

ot ottt {

Maf64 Ilsts004 Inrall Cssm004 Cssml 1 Mafl09 Cssm032 Cssm019

137
154
171
188
205
222
239
256
273
290
307
324
341
358
375
392
409
426
443
460
4377
494
511
528
545
562
579
506
613
630
647
664
E81

Information content across chromosome 1 in half-sib families of Ghezal sheep

323 i ed Animal Science (2021) 11(2), 319-327




Co-Segregation of QTL for Pre-Weaning Traits in Sheep in Chromosome 1

Test Statistic Permutation Permutation
13 4500
llf - =nnn | 4000 1 4.0
10 | — 3500 { 35
B f 3000 ! 3.0
8 ]
: ) E- 2000 E 2500 If\\ / e
“ e / g 150 | 2 suon { / 2.0
s / £ g fr |\ |
al | L / A 1500 ! \ /\ 15
el // N G 1000 | \ / AN 10
f: ‘.-’f\‘\\ / LY // 804 500 /‘ | et I \ }f 05
T = A al I _| o | VAR RV oo
[+) 100 200 ELLY) 400 500 600 700 o 5 10 15 20 25 30 35 40 A5 50 55 60 65 o 100 200 300 400 500 600 100 :
Position (cM) T-statistic Fosition (cM)
W Tralr EWW mFemutation
Test Statistic Permutation Permutation
2000 1%
] BN ~~ 2
8 PR 1750 / iy
7 / 1500 “ ;n
! |
‘ / p— Ml :
/ g g
ws o /f ‘é_luuu | g o
; | o ~ £ 10 / 15
/ — / — a
! ;\f\\ //‘ \ ,f 00 ; // e / ||
o v N N/ 250 - '\‘\ y \\ 7 @
o AW [ | ol el ./ | I
o 100 200 200 100 500 500 100 5 10 15 20 75 20 o 100 200 300 400 50D GO0 700
Position (<) T-statistic rosidon (cr]
WA ADG [ Femutanon | WEOOTSTED W ralt W
Test Statistic Permutation Permutation
60
2750 ~
s Pal 2000 20 P 5
50 etk L1750 oro /J [
s / Y 1800 2000 U
+0 ; o / \ { 8
35 / “.\ PR £ \ Z 1250 g Lo [
wEoy g /N // .\ f \ ! g_uaa .f‘ P
25 / \ | N 1250 = J a
20 ! \ <70 = 1000 Aoy Vs
£ { 750 JRSN / —, / g
15 |i‘ —— 500 / R N 2
1] | L s soo . I N \ o/
h 250 : f 1
o - \/ o | I.l_-__ ‘ ‘ ! ] Al ¥ Tl M .
] 100 200 200 400 500 &00 T00 [} 5 10 15 10 pL3 EL ] Loo 200 300_ 400 500 600 00
Position (cM) T-statistic Position (cM)
Test Statistic Permutation Permutation

3000 s =

42 / 0 Fal 55
/ 1750 2500 P | 50
? f
r ! 1500 2250 ) 4.8
2000 \ a0
. ;/F\\ { 2 1250 T oimo .,r\L /,-/“\‘ fl \ 25
= [ JJ 1000 1500 [\ \ { LY 30 n
2) ! kY | ) If
| \ B I A \ / \ a5
12 / | { 1000 f bR 20
13 / ) /\ J,f 500 0 / LS / 15
/ \ Y soo f Yy 10
03 { A/ \ /_/ \ | 250 II. e I . I. I
/ \ \ / \ o5
IEAVS S BV \ | A L — o Mulamil NIk Vi l.lll b
o H pLd

Frecuen

03! n - J .. 1
¢ 100 w0 30 400 0 600 740 1s 10 is 10 0 100 200 00 400 o0 500 700 O
Position (zM) T-statistic Fosition (M)

Permutation test results for the individual families (Half sib) and across families’ analyses on 5% and 1% significant levels ob-
tained for measured traits

L)Y Summary of significant QTL from individual family analyses

. QTL position g F-statistic F-statistic . Confidence level
Trait (cM) F-value (0.05)° (0.01)° Sire effect (cM)° Closest marker(s)
Cssm019,
BWO (kg) 689 4.2™ 8.94 15.82 -0.5225+0.12 2-678
Cssm032
" Cssm019,
WW (kg) 654 12.41 8.90 13.49 -3.697+£1.07 1-689 Cssm032
- Cssm019,
ADG (g/day) 624 9.24 8.94 14.15 -49.85+26.39 0-687 Cssm032
Keliber 591 575" 8.94 15.03 -1.8320.76 0-613.5 Cosmo19,
Cssm032
# QTL location based on the sheep sex averaged linkage map (@Maddox and Cockett, 2007).
® QTL effect scaled by the standard deviation of the trait.
¢ Chromosome-wide F-statistics for P < 0.05.
For BW, Stone et al. (1999) was reported one suggestive In porcine QTL mapping, also one QTL for BW was re-
QTL on chromosome 1 in Brahman cattle. ported on chromosome 13 near POU1F1 gene (Song et al.

POUIF1 candidate gene responsible for growth was lo- 2007; Yu et al. 1999). In addition, identification of casual
cated on OAR1 and flanking microsatellite of this region mutation for growth on POU1F1 of commercial pigs con-
always significantly associated with growth (Woollard et firmed association between this gene and BW trait (Yu et
al. 2000). al. 1999).

324



Bagheri ef al

30

20 A
OOl ——— Keliber
15 - e ADG
- EWW
—— BWW
10
F<0.05
5
o
— o~ uwm ™m 4 O~ ;MmO M~ nm Mm-S oM~ LWL Mm-S G~ ;m oS - wm Mmoo G~ ;nMmod O M~ un
— M |~ O ™S W0 MO MWD~ 0o NS WO MW WD NS W~ O+ Mo W0
L T I I I T T S e I U I T e T e I I I - - S - S T B ¥ o T Vo IR o B W B T e TV T Vi S T ¥ )
Mafed llsts004 Inrall Cssm004 Cssml 1 Mafl09 Cssm032 Cssm019

F-statistic curves resulted from the joint analysis of half-sib families on chromosomes 1 of sheep

The lower lines represent 5 % generated F ratio during chromosome-wide significant analysis

The upper horizontal represent 1% generated F ratio during chromosome-wide significant analysis

BW: birth weight; EWW: adjusted weaning weight; ADG: average daily gain (0-90 day) and Keliber: keliber ratio

12

10
F<<0.03

——i K ElibEr

& —t— ADG
il EWWW
—— BV
a
2
o
e e s e i e
N oS o 0 2 N o= w0 00 o N = o 0 o e g o 00 O s o 0 O N o= w0 00 O ey o= w0 00
L I e e T I T B B ot DL e B L L B - A S S S B SR A T R B R LN = BT = R = ST = S =
Mafo4 1lsts004 Inrall CssmO04 Cssml1 Mafl109 Cssm032 Cssm019
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The lower lines represent 5% generated F ratio during chromosome-wide significant analysis

The upper horizontal represent 1% generated F ratio during chromosome-wide significant analysis

BW: birth weight; EWW: adjusted weaning weight; ADG: average daily gain (0-90 day) and Keliber: keliber ratio

In consistence of this claims, however, Zhao et al. (2004)
reported there is no significant relationship between
POUL1F1 gene and carcass or growth and traits in Angus
beef cattle.

Evidence on existence of QTL affecting conformation
traits (rump width, rump length and rump angle) in bovine
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chromosome 1 was emphresised by Bichard et al. (2003).
The presence of a significant QTL on chromosome 1 of
Japanese Black cattle was reported by Malau-Aduli et al.
(2005) for chest width reinforces. Summary of related per-
vious literatures about QTL identification for growth in
chromosome 1 in livestock (Table 3).
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Summary of related pervious literatures about QTL identification for growth in chromosome 1 in livestock

Author Country Breed Marker QTL. loca- QTL peak Significant Closer Trait
tion locus
81.03-81.23
. Awassi, Merino . . (cM) Body weight
Raadsma et al. (2009) Australia sheep Microsatellite 87.3(cM) 62.9-63.0 <0.05 BM4129 and growth
(Mbp)
Visser et al. (2013) South Af- Angora goat Microsatellite - - none - Pre-weaning
rica growth
30-38(cM
4 . . . 34(cM) (cM) <005 MAF4
Ravari et al. (2016) Iran Kermani sheep Microsatellite 68-71(cM) DIK5034 b trai
91(cM) 90-91 <0.01 MCMI130 Growth trait
. .. . . Birth weight
Esmailizadeh (2014) Iran Rayini goats Microsatellite 103(cM) - <0.01 -
age of puberty
INRAO11
i- i i- iari 210(cM <0.05
Asadi-Khoshoei et al. Iran Lori-Bakhtiari - fierosatellite - (cM) LSCVI0S  Growth trait
(2018) sheep 252(cM) <0.01
MCM137
BM&8246
Suffolk sh BMS2321 <0.05
Walling et al. (2004) UK WHO™ sheep Microsatellite 227 M and Growth and
Texel sheep BMS1789 <0.01 McM130 carcass traits
591(cM <0.05 - i
Our study Iran Ghezal sheep Microsatellite (cM) Cssm019 Pre-weaning
689(cM) <0.01 Cssm032 growth

As logic justification, the reason for a difference in the
present result with other findings seems particularly due to
different sheep breed and geographical, chromosomal re-
gion, investigated microsatellite loci, genotyping technique
and even more by technical staff, which may influence the
output of analysis and interpretation of raw data.

It should be highlighted, however, relatively small off-
spring size per parental HF was affect output of QTL analy-
sis (Goring et al. 2001; Esmailizadeh et al. 2008). Further-
more, in QTL mapping small family size imposed the wide
confidence interval calculated for the QTL position.

There are limitations in this study: Natural service was
routine breeding program for Ghezal sheep breeding station
and number of different f half sibs families and offspring
within each paternal HF families affected due this natural
barrier. Only two sire exhibited heterozygotes pattern for
most of investigated loci and analyses using more families
and more animals will be useful to confirm or to reject
these findings.

CONCLUSION

Two the QTL retained significance (P<0.01) for BW and
KRB at the region of flanking markers CSSMO019-
CSSMO032 and BM1312 respectively. Further studies will
be useful using using more families, animals, and chromo-
somal number for identification of co-segregation of quanti-
tative trait loci (QTL) affecting pre-weaning traits in
Ghezal fat tailed sheep.

326

ACKNOWLEDGEMENT]

The authors would like to express their sincere acknowl-
edge for providing the financial support by University of
Tabriz for this MS thesis research.

REFERENCES

Alexander G. (1974). Birth Weight of Lambs: Influence and con-
sequences. Pp. 215-245 in Size at Birth. K. Elliot and J.
Knight, Eds. Elsevier, Amsterdam, the Netherlands.

Andersen C.L., Jensen J.L. and Orntoft T.F. (2004). Normaliza-
tion of real-time quantitative reverse transcription-PCR data:

A model-based variance estimation approach to identify genes
suited for normalization, applied to bladder and colon cancer
data sets. Cancer Res. 64, 5245-5250.

Asadi-Khoshoei E., Horiat R., Houshmand S. and Esmailizadeh
A. (2018). Mapping loci affecting live weight and body size in
Lori-Bakhtiari sheep using paternal half-sib design and identi-
fication of biomarkers linked to growth rate. J. Agric. Biotech-
nol. 9, 1-15.

Baneh H. (2009). Estimation of genetic parameter for body weight
in Ghezel breed sheep. MS Thesis. University of Mazandara,
Sari, Iran.

Bichard D., Grohs C., Bourgeios F., Cerqueira F., Faugeras R.,
Neau A., Rupp R., Amigues Y., Bocher M.Y. and Leveziel H.
(2003). Detection of genes influencing economic traits in three
French dairy cattle breeds. Genet. Sel. Evol. 35, 77-101.

Boligon A.A., de Albuquerque L.G., Mercadante M.E.Z. and
Lobo R.B. (2009). Herdabilidades e correlagdes entre pesos do
nascimento a idade adulta em rebanhos da raca Nelore. Rev.



http://ansi.okstate.edu/breeds/sheep/awassi/
http://ansi.okstate.edu/breeds/sheep/merino.html

Bagheri ef al

Bras. Zootec. 38, 2320-2326.

Churchill G.A. and Doerge R.W. (1994). Empirical threshold
values for quantitative trait mapping. Genetics. 138, 963-971.

Esmailizadeh A.K. (2014). Genome-scan analysis for genetic
mapping of quantitative trait loci underlying birth weight and
onset of puberty in doe kids (Capra hircus). Anim. Genet.
45(6), 849-854.

Esmailizadeh K.A., Mohammad Abadi M.R. and Asadi Foozi M.
(2008). Mapping quantitative trait loci in livestock using sim-
ple linear regression. Iranian J. Anim. Sci. 39, 83-93.

Fogarty N.M., Hall D.G. and Holst P.J. (1992). The effect of nutri-
tion in mid pregnancy and ewe live weight change on birth
weight and management for lamb survival in highly fecund
ewes. Australian J. Exp. Agric. 32, 1-10.

Gardner D.S., Buttery P.J. and Daniel Z. (2007). Factors effecting
birth weight in sheep. Reproduction. 133, 297-307.

Goring H.H.H., Terwilliger J.D. and Blangero J. (2001). Large
upward bias in estimation of locus-specific effects from ge-
nomewide scans. Am. J. Hum. Genet. 69, 1357-1369.

Guidolin D.G.F., Buzanskas M.E., Ramos S.B., Venturini G.C.
and Lobo R.B. (2012). Genotype-environment interaction for
post-weaning traits in Nellore beef cattle. Anim. Prod. Sci. 52,
975-980.

Haley C.S. and Knott S.A. (1992). A simple regression method for
mapping mapping quantitative trait loci in line cross using
flanking markers. Heredity. 69, 315-375.

Hatcher S., Atkins K.D. and Safari E. (2009). Phenotypic aspects
of lamb survival in Australian Merino sheep. J. Anim. Sci. 87,
2781-2790.

Knott S.A., Elsen J.M. and Haley C.S. (1996). Methods for multi-
ple-marker mapping of quantitative trait loci in half-sib popu-
lations. Theor. Appl. Genet. 93, 71-80.

Lander E.S. and Botstein D. (1989). Mapping Mendelian factors
underlying quantitative traits using RFLP linkage maps. Ge-
netics. 121, 185-199.

Lander E. and Kruglyak L. (1995). Genetic dissection of complex
traits: Guidelines for interpreting and reporting linkage results.
Nat. Genet. 11, 241-247.

Malau-Aduli A.E.O., Niibayashi T., Kojima T., Oshima K.,
Mizoguchi Y. and Komatsu M. (2005). Mapping the quantita-
tive trait loci (QTL) for body shape and conformation meas-
urements on BTAI in Japanese Black cattle, Anim. Sci. J. 76,
19-27.

@PMaddox J.F. and Cockett N. (2007). An update on sheep and
goat linkage maps and other genomic resources. Small Rumin.
Res. 70, 4-20.

327

Raadsma H.W., Thomson P.C., Zenger K.R., Cavanagh C., Lam
M.K., Jonas E., Jones M., Attard G., Palmer D. and Nicholas
F.W. (2009). Mapping quantitative trait loci (QTL) in sheep. L.
A new male framework linkage map and QTL for growth rate
and body weight. Genet. Sel. Evol. 41, 34-42.

Safari E., Fogarty N. and Eilmour A. (2005). A review of genetic
parameter estimation for wool, growth, meat and reproduction
of sheep. Livest. Prod. Sci. 92, 271-289.

Samadi Shams S., Zununi Vahed S., Soltanzad F., Kafil V., Bar-
zegari A., Atashpaz S. and Barar J. (2011). Highly effective
DNA extraction method from fresh, frozen, dried and clotted
blood samples. Biolmpacts. 1(3), 183-187.

Soller M.A. and Genizi A. (1978). The efficiency of experimental
designs for the detection of linkage between a marker locus
and a locus affecting a quantitative trait in segregation popula-
tions. Biometrics. 34, 47-55.

Song C.Y., Gao B., Teng S.H., Wang X.Y., Xie F., Chen G.H.,
Wang Z.Y., Jing R.B. and Mao J.D. (2007). Polymorphisms in
intron 1 of the porcine POU1F1 gene. J. Appl. Genet. 48, 371-
374.

Stone R.T., Keele J.W., Shacklford S.D., Kappes S.M. and Kooh-
maraie M. (1999). A primary screen of the bovine genome for
quantitative trait loci affecting carcass and growth traits. J.
Anim. Sci. 77, 1379-1384.

Visser C.E., Van Marle-Késter M.A., Snyman H., Bovenhuis
R.P.M.A. and Crooijmans H. (2013). Quantitative trait loci as-
sociated with pre-weaning growth in South African Angora
goats. Small Rumin. Res. 112, 15-20.

Walling G.A., Visscher P.M., Wilson A.D., McTeir B.L., Simm
G. and Bishop S.C. (2004). Mapping of quantitative trait loci
for growth and carcass traits in commercial sheep popula-
tions1. J. Anim. Sci. 82, 2234-2245.

Woollard J., Tuggle C.K. and Ponce de leon F.A. (2000). Rapid
communication: Localization of POU1F1 to bovin, ovine, and
caprine 1 q21-22. J. Anim. Sci. 78, 242-243.

Yu B.T.P.,, Wang L., Tuggle C.K. and Rothschild M.F. (1999).
Mapping genes for fatness and growth on pig chromosome 13:
A search in the region close to the pig pit-1 gene. J. Anim.
Breed Genet. 116, 269-280.

Zhao Q., Davis M.E. and Hines H.C. (2004). Associations of poly-
morphisms in the pit- 1 gene with growth and carcass traits in
Angus beef cattle. J. Anim. Sci. 82, 2229-2233.




