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ABSTRACT. Broodiness is a behavioral trait observed in most common breeds of domestic fowl and due to its
fundamental role in avian reproduction, it has been of great interest to poultry scientists, breeders and producers of
hatching eggs. Prolactin gene (PRL) is generally accepted as crucial to the onset and maintenance of broodiness in birds
and thus plays a crucial role in egg production. Therefore, the present study aimed to screen the Single Nucleotides
Polymorphisms (SNPs) of prolactin gene in four commercial chicken lines namely Hubbard F15, Lohmann, Cobb500,
and Avian48 using PCR and direct sequencing. A total number of forty chickens (ten females from each of the four
commercial chicken lines) were used. Blood samples were collected aseptically from brachial (wing) vein of the chick-
ens for genomic DNA extraction. PCR reaction was done using five pairs of primers, one sense (F) and one antisense
(R) primer for each of the five exons of prolactin gene. Finally, DNA sequencing and Single Nucleotide Polymorphisms
(SNPs) analysis was done using Laser gene Megalign program. The results showed three SNPs in Hubbard F15 chicken
line; one synonymous SNP at the position 3838 bp (ACC/ACT-transition) in exon 2 while in exon 5, two SNPs were
detected; one non-synonymous single nucleotide polymorphism at the position 7921bp (CCT/TCT-transition) which
results in amino acid changes at codon positions 169 (P/S), and one synonymous single nucleotide polymorphism at the
position 8187 bp T/ C. The study concluded that this SNP in PRL gene could be used as the potential molecular markers
for egg production traits in chicken.
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INTRODUCTION

rolactin (PRL) is one of the hormone family that

includes growth hormone (GH), placental lactogen
(PL), and somatolactin (Power, 2005). It is a polypep-
tide hormone which synthesized and secreted by the
animal’s anterior pituitary gland (Jiang et al., 2009)
and playing an essential role in regulating reproduc-
tion and lactation in mammals (Bonomo et al., 2007).

In birds, PRL affects a wide variety of physiologi-
cal functions, PRL mRNA expression observed main-
ly in the cephalic lobe of the anterior pituitary gland
whereas the most studied effects of PRL involve crop-
sac development in columbiforms, the induction and
maintenance of broody behavior, regulation of gonad-
al function and immune responsiveness in a variety of
species (Kansaku et al., 2008).

Chicken PRL (cPRL) gene plays an important
role in egg production. It is generally known as a cru-
cial gene to the onset and maintenance of broodiness
which results in regression of the ovary (Sharp et al.,
1984) and loss of egg production (Nestor, 1980). The
occurrence of broodiness is always associated with
an increase in plasma prolactin concentration. During
incubation, prolactin mRNA reaches its highest level
which suppose that prolactin is important in the main-
tenance of broodiness (Alipanah et al., 2011).

The PRL gene has been cloned in a variety of
avian species including the domestic chicken, turkey,
quail, duck, and pigeon (Liu et al., 2008). cPRL gene
is located in chromosome number 2. It is a polypep-
tide with a molecular weight of 21700-26000 Dalton
(Alipanah et al., 2011). The gene is composed of five
exons and four introns. The five exons are 28 bp, 182
bp, 108 bp, 180 bp, and 192 bp long respectively,
while, the four introns are 1,520 bp, 408 bp, 1,348 bp,
and 1,909 bp long respectively (Au et al., 2002). All
the exon—intron junctions conform to the GT-AG rule
(Ohkubo et al., 2000).

Since the avian PRL gene was cloned and se-
quenced, most studies have concentrated on identify-
ing new polymorphic sites in this gene. It was found
that most of the chicken PRL gene sequence polymor-
phisms were found in 5’ flanking region, 3’ flanking
region, and the coding region of the signal peptide
(Clui et al., 2006)

Uptodate, a large number of Single Nucleotides
Polymorphisms (SNPs) have been reported in the
5’-flanking region of chicken PRL gene influencing its
function. For example, a 24-bp insertion occurring in
the promoter of chicken PRL gene was associated with
decrease the expression of PRL, leading to non -brood-
iness which could be used as a genetic marker in breed-
ing against broodiness in chickens (Jiang et al., 2005).
Six single nucleotide polymorphisms (C-2402-T,
C-2161-G, T-2101-G, C-2062-G, T-2054-A, and
G-2040-A) in chicken PRL promoter region and their
association with egg production and chicken broodiness
traits were investigated by Cui et al. (2006). Further-
more, Begli et al. (2010) investigated the polymorphism
of prolactin promoter and its association with economic
traits in native fowl of Yazd province, A 24 bp indel (in-
sertion or deletion) at nucleotide position (np) 358 was
identified showing that association of genes polymor-
phisms with egg production could be used to improve
the performance of native fowl of Yazd province.

Modern poultry production is generally aimed at
elevation of egg production and inhibition of incu-
bation behavior (Xu et al., 2010). Studies conducted
over the past few years indicated that the PRL gene
partakes, directly and indirectly, in shaping many pro-
duction traits in poultry. Thus, these genes are now
being considered as candidate markers of these traits
(Wilkanowska et al., 2014).

Therefore, this study aimed to screen the SNPs of
chicken PRL gene in its five exons in four commercial
chicken lines and analyze their correlation with egg
production trait.

MATERIAL AND METHOD
I. Chicken breeds:

A total number of forty chickens (ten females from
each of the four commercial chicken lines namely
Lohmann, Avian48, Cobb500 and Hubbard F15 were
used in this study. Chicken lines were precisely cho-
sen from four farms; two farms, El Salhia El Gedidah
farm, and Hamdy El Masry farm in Sharkia province,
and two ,Abo Sultana farm, and Abo Hegazy farm, in
Dakhlia province. Egg production data were collected
from daily farm records maintained at the farms.

I1. Blood sample collection:
Blood samples were collected aseptically from

JHELLENIC VET MED SOC 2017, 68(3)
TIEKE 2017, 68(3)



MOHAMED, M.M.OSMAN, SHAABAN, A.HEMEDA, ABEER A.I. HASSANIN, WALAA A. HUSSEINY 393

brachial (wing) vein of the forty chickens under the
study using 5 ml syringes. Samples were quickly
transferred to vacutainer tubes containing Na,EDTA
as an anticoagulant, kept immediately in ice- box con-
taining gel cool packs and transported to the laborato-
ry, stored at -20°Cuntil DNA extraction.

Ethics statement:

The protocol of this study was approved by the
scientific research and bio-ethics committee at the
Faculty of Veterinary Medicine, Suez Canal Universi-
ty (Permit Number: 201518).

III. Genomic DNA extraction:

Genomic DNA was extracted from blood samples
using Thermo Scientific GeneJET Whole Blood Ge-
nomic DNA Purification MiniKit (#K0781) according
to the manufacture’s protocol. DNA concentration
and purity were determined spectrophotometrically
as described by Sambrook and Russel (2001) .
A260/A280 ratio was between 1.7 and 1.9.

IV. Amplification of chicken prolactin gene exons
using Polymerase chain reaction (PCR):

Five pairs of primers, one sense (F) and one an-
tisense (R) primer for each of the five exons (exon 1,
exon 2, exon 3, exon 4, exon 5) of the chicken pro-
lactin gene were designed by the web-based software
Primer3Plus (Andreas et al. 2007) from the published
DNA sequence of chicken prolactin gene (cPRL) de-
posited in the gene bank under accession number
(GeneBank: AF288765; Au and Leung, 2002).The
primers sequences and the product size are shown in
Table 1.

PCR reaction contained 2X PCR master mix solu-
tion (GeneDireX) (25ul), 3ul template DNA, and
10uM each of degenerate primers in a final volume
of 50 pL. The cycling conditions were as follows:
initial denaturation at 95°C for 5 min, followed by
40 amplification cycles of denaturation at 95°C for
30 s, annealing at 63°C for 45sec, and extension at
72°C for 45 sec, and a final extension step for 7 min
at 72°C. In order to confirm the amplification of the
target sequences of chicken prolactin gene exons, the
PCR product was electrophoresed on 1% agarose gel
stained with ethidium bromide , visualized on UV
trans-illuminator (Slimeline™ series) and the image
of the gel was acquired.

V. DNA sequencing and Single Nucleotide Poly-
morphisms (SNPs) analysis:

A total number of forty PCR products from the
four chicken lines under the study were sequenced.
For each line, there were a total number of ten PCR
products. All loci were directly sequenced in both for-
ward and reverse directions using the same primers
used for PCR amplification by dye terminator cycle
sequencing technique.

Sequence data obtained from the forward and re-
verse primers where crosschecked to confirm the poly-
morphic sites detected. Sequence alignment of the
resulted sequences with the corresponding functional
chicken prolactin gene sequences available in Gene-
Bank (AF288765) to locate sequence variants in DNA
and protein sequences were done by the CLUSTAL
W method using Laser gene Megalign program

Table 1. Gene-specific oligonucleotide primers used in PCR amplification of chicken prolactin gene exons.

Exon No. E;igleer Nucleotide Sequence zifgl)gth gg)d uct size

Exon1 PRLIF 5’-ACT CCA CGA CCT GCT GAATGT A-3° 22 296
PRLIR  5’-ATA GTG GTG AAG CTG CCT CCA C-3° 22

Exon2 PRL2F 5’-CTG CCT CTG ACA GCTATT TCC A-3° 22 294
PRL2R  5°-CAT GTT CTC ACT CCC AGG AAA A-3° 22

Exon3 PRL3F 5-GAC CAT TGC TAA GAT CCC CAAT-3’ 22 257
PRL3R 5°-TTC CCC CACACT CTATCT CAC A-3’ 22

Exon4 PRL4F 5’-TGT GGA CCA GCA TGA AGA CCT A-3° 22 259
PRL4R 5-AGATCC AGT CCCTTC ACATGG T-3° 22

Exon5 PRLS5F 5°-CTGTTC TAC ACC CAG ACA GATTGA-3> 24 609
PRL5R  5°-AAG GTATAA GCC ATC CCAGCTATT-3> 24
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(Ver 5.52,2003, DNASTAR Inc). All the resulted se-
quences were submitted to the GeneBank/NCBI data
bank to have a unique accession number for each.

VI. Statistical analysis and Egg production records:

Data regarding total egg production, mortality, age
at first lay, age at peak of lay for the four chicken lines
under the study were collected from the weekly farm
records maintained at the farms. Egg per hen per week
and egg per hen per day was calculated using the data
obtained from the records. First egg laid was consid-
ered as age at point of lay while flock obtaining the
highest number of eggs on any week was considered as
peak and this week was regarded as age at peak of lay.

Dates obtained werestatistically analysed for the
effects of chicken breed, peak of egg production, and
SNP on the studied egg production traits and mortality
rates. The main and interaction effects were analysed
using three-way analysis of variance (ANOVA). The
general linear model procedures (GLM) of SAS (SAS
institute, 1998) and Duncan’s Multiple Range test
(Duncan, 1955) were carried out to detect the signif-
icance differences among means. Least square means
and their standard errors were presented for main ef-
fects of Breed, Peak and SNP. A probability value (P)
of less than 0.05 was considered to be significant.

RESULTS:

I. Sequence analysis of cPRL gene exons in the four

commercial chicken lines under the study.
Analysis of the database published Chicken pro-

Hen=day egg production on daily basis was caloulaied usimg the following formula given
by Narth [1984)
Mumber of eggs produced on daily basis
HDEP

Musnber of birds svadlable in the flock on ha day

While, Hen-housed egg production was worked using the following formula given by
Morth {1984):
Tenal niamber of eggs produced by a flock
HHEP

Tofal numiber off hens boused

lactin gene sequence (Accession no. AF288765)
shows that cPRL gene consists of five exons and four
introns. The coding region of the cPRL gene starts in
the first exon and ends within the last exon.

In the four chicken lines under the study, PRL1F
and PRLIR primers were annealed successfully at
2103 bp-2124 bp location at 5’ upstream region and

2377 bp-2398 bp location at intron one of chick-
en prolactin gene respectively. These two primers
resulted in amplification of approximately 296 bp
PCR product at nucleotide position 2103-2398 bp of
prolactin gene representing a part of 5’ upstream re-
gion (85 bp ), exon 1 (74 bp) and part of intron I (137
bp) of chicken prolactin gene respectively (Figure 1).
PRL2F and PRL2R primers were annealed success-
fully at 3704 bp-3725 bp location at intron 1 and 3976
bp-3997 bp location at intron 2 of chicken prolactin
gene respectively. These two primers resulted in am-
plification of approximately 294 bp PCR product at
nucleotide position 3704-3997 bp of prolactin gene
representing a part of intron 1 (78 bp ), exon 2 (180 bp)
and part of intron 2 (36 bp) of chicken prolactin gene
respectively (Figure 2A, B). However, PRL3F and
PRL3R primers were annealed successfully at 4270
bp-4291 bp location at intron 2 and 4505 bp-4526 bp
location at intron 3 of chicken prolactin gene respec-
tively. These two primers resulted in amplification of
approximately 257bp PCR product at nucleotide po-
sition 4270-4526 bp of prolactin gene representing a
part of intron 2 (100 bp ), exon 3 (108 bp) and part of
intron 3 (49 bp) of chicken prolactin gene respective-
ly (Figure 3). Moreover, PRL4F and PRL4R primers
were annealed successfully at 5816 bp-5825 bp loca-
tion at intron 3 and 6053bp-6074bp location at intron
4 of chicken prolactin gene respectively. These two
primers resulted in amplification of approximately
259bp PCR product at nucleotide position 5816-6074
bp of prolactin gene representing a part of intron 3
(10 bp ), exon 4 (183 bp) and part of intron 4 (66 bp)
of chicken prolactin gene respectively (Figure 4).
Finally, PRL5SF and PRL5R primers were annealed
successfully at 7856 bp-7879 bp location at intron 4
and 8441bp-8464bp location at 3" upstream region of
chicken prolactin gene respectively. These two prim-
ers resulted in amplification of approximately 609bp
PCR product at nucleotide position 7856-8464 bp of
prolactin gene representing a part of intron 4 (62 bp),
exon 5 (420 bp) and part of intron 5 (127 bp) of chick-
en prolactin gene respectively (Figure SA, B).

The five exons of prolactin gene in each of the four
chicken lines under the study has been deposited in
the GenBank/NCBI data bank with the following ac-
cession numbers KP739310, KP739307, KP739308 ,
and KP739309 in Hubbard F15, Lohmann, Cobb 500,
and Avian 48 chicken lines respectively.

JHELLENIC VET MED SOC 2017, 68(3)
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Figure 1. Nucleotide sequence of the amplified PCR product (296 bp) representing exon 1 of prolactin gene in Hubbard f15, Lohmann,
Cobb 500, and Avian 48 chicken lines. [ Uppercase is the target fragment in the amplification process (exon one), lowercase before exon
one nucleotide sequence represent the part of 5’ upstream region while the lowercase after exon one nucleotide sequence represent the part
of intron 1 amplified using PRL1F and PRL1R primer pair . Positions of both primer pair are underlined].

PRIF primer

jcaaaagLggaccecEratggtgtatats 15
GCARCAGAGGECT TCATTGAMAGGT A a g c L L L EgCCatLCAC QoL gataACE ECEgUELLLaagt L Lgat Lgaat

.mmmmmmmmmmmmum

Laagaagaas TAEGGE L ARCAEC et AgAAACTAAGEEEECEAGD

FRIR primer

Figure 2A. Nucleotide sequence of the amplified PCR product (294 bp) representing exon 2 of prolactin gene in Hubbard f15 Chicken
line. Uppercase is the target fragment in the amplification process (exon two), lowercase before exon 2 nucleotide sequence represent
the part of intron 1 while the lowercase after exon 2 nucleotide sequence represent the part of intron 2 amplified using PRL2F and PRL2R
primer pair . Positions of both primer pair are underlined.

PRIF primer

BAtgCAtgetLgEgrCAAtALGrECCCATELEgQQELEgE Jaacagg L TIGT T T TG GG T T T TC TG TG TCCARCACACT T TGACCARGGARAGGAGTGA
T T AR T e T O OO CA T TG A T CA S T AR T R O ARG TT TC O C T TOCGOAAC T T T T T oA T O CAG T TAAAC T T TCACACTACATACACTACCTCTIC T ECAGAAATAT bCAATGAATTTg taagtac

EECAAACCE

- -
FRI1R primer
Figure 2B. Nucleotide sequence of the amplified PCR product (294 bp) representing exon 2 of prolactin gene in Lohmann, Cobb 500, and
Avian 48 chicken lines. Uppercase is the target fragment in the amplification process (exon two), lowercase before exon 2 nucleotide
sequence represent the part of intron 1 while the lowercase after exon 2 nucleotide sequence represent the part of intron 2 amplified using
PRL2F and PRL2R primer pair . Positions of both primer pair are underlined.

PRLF primer
AALgEALgELLYLOtoaataAtgtECerAttLegIt gt teaARCCEga 1 T T T TGO GG T TC T T TG TG T CAACACAC TTC TGACTARGGRAGGAGTGA
T T TR AR T TGO L O A T T A T A G T AR T GC ARG T T T O T T GG GG AR LT TT T TGA T GG AG T TAAAC T T TCACAC TACA TACACTACC TCTC T TCAGAAA TATTCARTGARTTT 5 ¢ tac
Lttcta
b FRIR primer

Figure 3. Nucleotide sequence of the amplified PCR product (257 bp) representing exon 3 of prolactin gene in Hubbard {15, Lohmann,
Cobb 500, and Avian 48 chicken lines. Uppercase is the target fragment in the amplification process (exon three), lowercase before
exon 3 nucleotide sequence represent the part of intron 2 while the lowercase after exon 3 nucleotide sequence represent the part of intron

3 amplified using PRLIF and PRLIR primer pair . Positions of both primer pair are underlined.

PRIF primer

attctagtasasgatagaattttectatcattogttatgtatgas

GATGAACGTTATGCTCAGGGTCGEGGETTTCATT

ACARAAGCTGT TARTGGC TEICACACTTOCTCCTTARCCACTCC TGARGAT AMGGRGCARGT TCAGCAGATTCAT cetacatctaatgocaatgac

PR3R primer

II. Sequence alignment results of cPRL gene ex-
ons in the four commercial chicken lines under the
study.

Nucleotides and amino acid Sequences alignment
of chicken prolactin (cPRL) gene exons in four com-
mercial chicken lines was performed by the CLUST-
AL W method using Laser gene Megalign program
(Ver 5.52,2003, DNASTAR Inc). The aligned nucle-
otide and amino acid sequences of exons 1 (Figures 6,
7), exon 3 (Figures 10, 11), and exon 4 (Figures 12,
13) shows complete homogeneity between the four
chicken lines under the study. No SNPs were identi-
fied. The nucleotide sequence alignment of cPRL gene
exons 2 shows one synonymous SNP at the position
3838 (ACC/ACT-transition) in Hubbard F15 chick-
en line (Figures 8) with no effect on the coded amino
acid sequences (Figures 9). Moreover, in exon 5 the
aligned sequences shows two SNPs in Hubbard F15

chicken line; one non-synonymous single nucleotide
polymorphism at the position 7921 (CCT/TCT-transi-
tion) (Figure 14) which result in amino acid changes
at positions 169 (P/S), (Figure 14) and one synony-
mous single nucleotide polymorphism at the position
8187 T/ C (Figure 15).

II1.Effects of chicken breed, Peak of lay and SNP
on egg production traits and mortality rate:

Table 2 shows Least square means and their stan-
dard errors for main effects of Breed, Peak and SNP
on egg production traits (including total egg produc-
tion, egg production per hen per week, egg production
per hen per day, hen housed, hen day ) and mortality
rate in the four chicken lines under the study.

Concerning with the effect of chicken breed
on egg production traits and mortality rates, results
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Figure 4. Nucleotide sequence of the amplified PCR product (259 bp) representing exon 4 of prolactin gene in Hubbard f15, Lohmann,
Cobb 500, and Avian 48 chicken lines. Uppercase is the target fragment in the amplification process (exon four), lowercase before
exon 4 nucleotide sequence represent the part of intron 3 while the lowercase after exon 4 nucleotide sequence represent the part of intron
4 amplified using PRLAF and PRL4R primer pair . Positions of both primer pair are underlined.

PRAF prisser
AT R GA T A TR T T T A G TAG T GEGAG T TEC e T T L TG AR TG A T O C TG A T O CA TC TGCCTC TGAAG TG ARRGAA TC AR GAAGC TCCAGATACCATT CTC TGGARGGC TGTA
GAGATTGAGGAGCARARCARGAGGCTTCTAGAAGGAATOGAGAARATAGTTORGCRRETAA gt AT taggt oot tacagt cot tocagectat togtgoasagaa
PRAR primer

Figure 5A. Nucleotide sequence of the amplified PCR product (609 bp) representing exon 5 of prolactin gene in Hubbard 15 Chicken
line. Uppercase is the target fragment in the amplification process (exon five), lowercase before exon 5 nucleotide sequence represent
the part of intron 4 while the lowercase after exon 5 nucleotide sequence represent the part of 3’ upstream region amplified using PRLSF
and PRL5R primer pair . Positions of both primer pair are underlined.

PRAF primer

ctatchtotottactgtatgattatgiot a0t LCATCC TG TRAT GO TREAAA TGAAA TTTACTCTCAC TGRGACGRCCTTOCATCCCTGLARC TOGCTGATGR
BGA T A T T T TG T T T T T AT AR TG TR A T TG T OGO AGAGA T T R AR A TTGAC AR TATC TTARAG T T T TRAAGTGOCGCCTARTCCATGATAGC ART TG TARGTACC TG TGRRITGE
ATTACTCACTGAARCCAT TCATCAT GG TG TTC T TG T TG T T TGCCAC T T T TCAC TGOGAAC T TTATGARRAAC CACAT TG TACAGCACCAGGATCATCAGTAAC T TTCAGGCATGC TG TG TGAATTCTGGCT
GAACTATTAG TR CAT T AT T TGG TG T T TAAATGC TG TAAATCACT TG TG TARCARGAATAAAMCCTTTCTGTCTAATTTCCtcact tat tagoat ticat tgataagtagatcatgtagatacaaataaaa

itattattasattcasaaccacgtaacaacaagtggtatcatgaacasaa

FRIR primer

Figure 5B. Nucleotide sequence of the amplified PCR product (609 bp) representing exon 5 of prolactin gene in Lohmann, Cobb 500, and
Avian 48 chicken lines. Uppercase is the target fragment in the amplification process (exon five), lowercase before exon 5 nucleotide
sequence represent the part of intron 4 while the lowercase after exon 5 nucleotide sequence represent the part of 3’ upstream region
amplified using PRLSF and PRL5R primer pair . Positions of both primer pair are underlined.

FRYF primer

ctatcatctottactgtatgattatgeototot AT T T T GA TG TRGARR T GRAA TTTAC T TCAC T GEGACGGLCTTOCATCOC TGO ARC TOGC TGATGR
A TOCAGACTCTT TG TTT T TATAA TG T RCAT TR T OCGCAGARGAT TCCCAC AR AR TTGAC AR TATC T TARAGT T T TGAA G T RCCGCCTAATCCATGATAGCAAT TGCTAAGTACC TG TRGLRCTRE
AT TAC T A TGAAA A T T A T A T GG TG T T T TG T TG T T TGO CAC T T T TCAC TGO GAAC T TTAC GAARAACCACA T TG TACAGCACCAGGA TCA T CAGT AR T TTCAGGCATGC TTGTGTGAATTCTGEET

GO T AT A G T AT T AT T T GG TG T T T AR TG C TG TARA T A C T TG T G T AR AAG AR T AR A CT T N G T C T AR T T T cac L LA LA At L ECAt AR AR L AGAL CAL GrAGAt ACAAAT AAAA
atattattasattcaasaccacotaacaacaagtggtatccatgaacaanaat
N PRSE primer

showed that there were highly significant differenc-
es between the four breeds under the study in all the
above mentioned traits (p< 0.0001). The highest sig-
nificant values of total egg production, egg produc-
tion per hen per week, egg production per hen per
day, hen housed, hen day and mortality rate were ob-
tained in Lohmann breed (43409542885, 6.21°+0.03,
0.89°40.01, 6.08+0.04, 0.87°+0.01, and 113.11+2.94)
respectively.

Moreover, results showed that there were highly
significant differences between the four breeds under
the study in all egg production traits and mortality
rates during peak of lay, before peak of lay, and af-
ter peak of lay. The highest significant values for all
egg production traits under the study were obtained
during the peak of egg production. These values were
as follows; (176406°+18496, 5.50*+0.08, 0.79°+0.01,
5.34°+0.08, and 0.76°+0.01) for total egg production,
egg production per hen per week, egg production
per hen per day, hen housed, and hen day traits re-

spectively. Concerning with the effect of peak of lay
on the mortality rate traits, results showed that the
highest significant values were obtained both during
(67.90°+10.82) and after (60.40°+9.39) the peak of lay.

Regarding the effect of SNPs, results showed
that there were significant differences (P < 0.012)
between the three breeds which contain no SNPs
(Lohmann, Cobb 500, and Avian 48) and Hubbard
F15 breed which contain three SNPs in PRL gene in
total egg production trait. The highest significant val-
ue (197071°+18859) was obtained in the three chicken
breeds contain no SNPs. However, there was a highly
significant difference in mortality rate (P <0.0002). The
highest significant value (76.49°+9.51) was obtained in
the three chicken breeds contain no SNPs. On the other
hand, there were no significant differences between
the three breeds which contain no SNPs (Lohmann,
Cobb 500, and Avian 48) and Hubbard F15 breed in
egg production per hen per week, egg production per
hen per day, hen housed, and hen day traits.
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Figure 6. Nucleotide sequences alignment of Prolactin gene, exon 1 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing
complete homogeneity.

Hubbard : 1 T4
Lohmann 74
Cobb 500 : : T4
Avian 48 y ¢ 74

Figure 7. Amino acid sequences alignment of Prolactin gene, exon 1 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing
complete homogeneity.

Hubbard : AGATTTCTTTCTGGTAGAGCAAGTCATCACACAGAATCCCTACC ATG AGC AAC AGA GGG GCT : 62
M 8 N R G A : 4
Lohmann : AGATTTCTTTCTGGTAGAGCAAGTCATCACACAGAATCCCTACC ATG AGC AAC AGA GGG GCT : 62
M ] N R G A 4
Cobb 500 : AGATTTCTTTCTGGTAGAGCAAGTCATCACACAGAATCCCTACC ATG AGC AAC AGA GGG GCT : 62
M ] N R G R : 4
Avian 48 : AGATTTCTTTCTGGTAGAGCAAGTCATCACACAGAATCCCTACC ATG AGC AAC AGA GGG GCT : 62
M 8 N R G A
*
Hubbard : TCA TTG AAA GGT : 74
s L K G : 8
Lohmann : TCA TTG AAA GGT : 74
S L K G : 8
Cobbk 500 : TCA TTG AAA GGT : 74
5 L K G B
Avian 48 : TCA TTG AAA GGT : 74

8 L K G

Figure 8. Nucleotide sequences alignment of Prolactin gene, exon 2 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines shows
one synonymous SNP at position 3838 (ACC/ACT-transition) in Hubbard F15 chicken line, where identical bases highlighted in black and
polymorphic variations highlighted in gray.

Hubbard : 81
Lohman H =
Cobb 500 : 8l
Avian 48 : 81
Hubbard 3 162
Lohman H 162
Cobb 500 = 162
Avian 48 : 162
Hubbard : J 180
Lohman H 180
Cobb 500 : 180
Avian 48 : § 180
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Figure 9. Amino acid sequences alignment of Prolactin gene, exon 2 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing
complete homogeneity.

gl 20 * 40 " &0
Hubbard : TTG TTT CTG GOG GIT CTIT CTG GTG TCC ARC ACA CTG ACC AAG GAA GGA GTG ACC TCC @ 60
L F L & ¥ L L v E] H T L T K E G v T ]
Lohman i TG ITT CTG GOG GIT CTIT CTG GTG TCC AAC ACA CTG ACC ARG GARA GGA GTG ACT TCC : 60
L F L A ¥ L L v ] H T K E G v T ]
Cobb 500 3 TTG TITT CTG GOG GIT CTIT CTG GTG TCC ARC ACA CTG ACC ARG GAA GGA GTG ACT TCC i 60
L F L A W L L v ] H T L T K E G v T ]
Avian 48 1 TTG TTT CTG GOG GIT CTT CTG GTG TOC AAC ACA CTG ACC ARG GAA GGA GTG ACT TCC 1 60
L F L A W L L v 5 H T L T K E G L 5

~3rdrdcd

W a0 ¥ 100 ¥ 120
Hubbard : CTG CCA ATC TGC OCC ATT GGA TCA GTC AAC TGC GTT TCC CTT GGG GAA CTT
L P I C L I G ] v H C v ] L G E L
Lohman '+ CTG CCA ATC TGC OCC ATT GGA TCA GTC AAC TGC GTT TCC CTT GGG GAA CTT
L P I c P I G 8 v H c G E L
Cobb 500 : CTG CCA ATC TGC OCC ATT GGA TCA GTC AARC TGC GTT TCC CTT GGG GAA CTT
L F I c P I G 8 v H c v = L G E L
Avian 48 : CTG CCA ATC TGC CCC ATT GGA TCA GTC AAC TGC GTT TCC CTT GGG GAA CTT
L F I c P I G 5 v H c L 3 L G E L

ofofofol
mﬂwﬂﬂﬁ”ﬁ
E

. 140 - 160 - 180
Hubbard : CGG GCA GTT AAA CIT TCA CAC TAC ATA CAC TAC CTC TCT TCA GAA ATA TTC MAT
R R v K L ] H ¥ I H ¥ L 8 E E I F H
Lohman i CGG GCA GTT AAR CTT TCA CAC TAC ATA CAC TAC CTC TCT TCA GAA ATA TTC MAT
R A v K L 5 H ¥ I H ¥ 5 5 E I F H
Coblb 500 @ CGG GCA GTT AAA CTT TCA CAC TAC ATA CAC TAC CTC TCT TCA GAA ATA TTC MAT
R A v K L 5 H ¥ I H ¥ 5 5 E I F H
Avian 48 1 CGG GCA GTT AAA CTT TCA CAC TAC ATA CAC TAC CTC TCT TCA GAA ATA TTC MAT
R A v K L 5 H ¥ I H ¥ L 5 5 E I F H

e

o & 4311

Figure 10. Nucleotide sequences alignment of Prolactin gene, exon 3 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing
complete homogeneity.

80

Hubbard : @ 1 : Bl
Lohman t i ¢ Bl
Cobb 500 & 3 !+ Bl
Avian 48 : : Bl
Hubbard :

Lohman H

Cobb 500 =

Avian 48 :

Figure 11. Amino acid sequences alignment of Prolactin gene, exon 3 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing
complete homogeneity.

Ll 20 ® 40 L 60

Hubbard : GAT GAR CGT TAT GCT CAG GGT CGG GGT TTC ATT ACA ARA GCT GTT AAT GGC TGC CAC ACT : 60
D E R ¥ A Q G R G F I T K A v N G c H T

Lohman t GAT GAA CGT TAT GCT CAG GGT CGG GGT TTC ATT ACA AAR GCT GTT AAT GGC TGC CAC ACT : &0
D E R ¥ A Q G R G F I T K A v N G c H T

Cobb 500 : GAT GAR CGT TAT GCT CAG GGT CGG GGT TTC ATT ACA ARA GCT GTT AAT GGC TGC CAC ACT : 60
D E R ¥ A Q G R G F I T K A v N G c H T

Avian 48 : GAT GAA CGT TAT GCT CAG GGT CGG GGT TTC ATT ACA AAA GCT GTT AAT GGC TGC CAC ACT 1 60
D E R ¥ A Q G R G F I T K A v N G c H T

* 8o * 100

Hubbard : TCC TCC TTA ACC ACT CCT GAT ARG GAG CAAR GCT CAG CAG ATT CAT : 108
5 5 L T T F D K E Q A Q Q I H

Lohman t TCC TCC TTA ACC ACT CCT GAT AAG GAG CAA GCT CAG CAG ATT CAT : 108
5 5 L T T F D K E Q A Q Q I H

Cobb 500 : TCC TCC TTA ACC ACT CCT GAT AAG GAG CAA GCT CAG CAG ATT CAT : 108
5 5 L T T P D K E Q A Q Q I H

Avian 48 : TCC TCC TTA ACC ACT CCT GAT AAG GAG CAA GCT CAG CAG ATT CAT : 108

m EmEmfng
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Figure 12. Nucleotide sequences alignment of Prolactin gene, exon 4 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing
complete homogeneity.

Hubbard
Lohman

Cobb 500
Avian 48

Hubbard
Lohman

Cobb S00
Avian 48

Hubbard
Lohman

Cobb S00
Avian 48

as e e a as se omm e

LI U

100

183
183
183
183

-

g1
g1
81
81

O

162
162
162
162

Figure 13. Amino acid sequences alignment of Prolactin gene, exon 4 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines showing

complete homogeneity.
-
Hubbard : CAT GAA GAC CTA
H E D L
Lohman : CAT GAA GAC CTA
H E D L
Cobb 500 : CAT GAA GAC CTA
H E D L
Avian 48 : CAT GAA GAC CTA
H E D L
&
Hubbard : CAT CTG GCC TCT
H L A 5
Lohman : CAT CTG GCC TCT
H L h 5
Cobb 500 : CAT CTG GCC TCT
H L A 5
Avian 48 : CAT CTG GCC TCT
H L A s
®
Hubbard : GTA GAG ATT GAG
¥ E I E
Lohman : GTA GAG ATT GAG
v E I E
Cobb 500 : GTA GAG ATT GAG
v E I E
Avian 48 : GTA GAG ATT GAG
L) E I E
Hubbard : GTA : 183
v
Lohman t GTA 1 183
v
Cobb 500 : GTA : 183
v
Avian 48 : GTA : 183
v

CTG
L
TG

CTG

CTG

GAR

GAA

GAA

GAA

GAG
E
GAG
E
GAG
E
GAG

E

20
AAT

AAT

AAT

BAT

80
GTG

GTG

GTG

GTG

140

CAR
Q
CRR
Q
CAR
Q
CAR

Q

TTA

TTA

TTA

TTA

ARC
AAC

N
ARC

L]

GTA GTG
L L
GTA GTG
v v
GTA GTG
v v
GTA GTG
v v

-

AGA ATC
E I
AGA ATC
R I
AGA ATC
R I
AGA ATC
R I

ARG AGG
K R
AAG AGG
K R
ARG AGG
K R
BAG AGG
K R

40
GGA GTG
G v
GGA GTG
G v
GGA GTG
G v
GGA GTG
G v
100
AR GAA
K E
AMR GAA
K E
AMR GRA
K E
AMR GRA
K E
160
CTT CTA
L L
CTT CTA
L L
CTT CTA
L L
CTT CTA
L L

CTG
L
CTG
CTG

CTG

GCT

GCT

GCT

GCT

GAA
E
GAA

CGT TCC
R 5
CGT TCC
R 5
CGT TCC
R 5
CGT TCC
R 5

L]

CCA GAT
P D
CCA GAT
P D
CCA GAT
P D
CCA GAT
P D

GGA ATG
G M
GGA ATG
G M
GGA ATG
G M
GGA ATG
G M

60
TGG AMT
W N
TGE AAT
W N
TGG AAT
W N
TGG AAMT
W N
120
ACC ATT
T I
ARCC ATT
T I
ACC ATT
T I
ACC ATT
T I
180
GAG AAR
E K
GAG ARA
E K
GAG AAR
E K
GAG AMA
E K

GAT

GAT

GAT

GAT

CTC
L
CTC

CTC

CTC

ATA

ATA

ATA

ATA
I

JHELLENIC VET MED SOC 2017, 68(3)

TIEKE 2017, 68(3)

CcCcC

cCcc

ccC

CCC

GTT

GTT

GTT

GTT
v

CTG
L
CTG
CTG

CTG

ATC

ATC

ATC

ATC

GCT

GCT :

GCT

GCT

CGG

CGG :

CGG

CGG
R

60

60

60

60

120

120

120

120

180

180

180

180



400

MOHAMED, M.M.OSMAN, SHAABAN, A.HEMEDA, ABEER A.I. HASSANIN, WALAA A. HUSSEINY

Figure 14. Nucleotide sequences alignment of Prolactin gene, exon 5 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines shows
two SNPs in Hubbard F15 chicken line; one non-synonymous single nucleotide polymorphism at the position 7921 (CCT/TCT-transition)
and one synonymous single nucleotide polymorphism at the position 8187 T/ C, where identical bases highlighted in black and polymorphic

variations highlighted in gray.

-
Hubbard
Lohman
Cobb 500
Avian 48

100
Hubbard CCTGC
Lohman
Cobb 500
Avian 48 :

Hubbard :
Lohman i
Cobb 500

Avian 48 :

260
Hubbard GCGAD
Lohman
Cobb 500
Avian 48

L

Hubbard
Lohman :
Cobb 500 :
Avian 48

Hubbard
Lohman
Cobb 500

Avian 48 : s

DISCUSSION:

Among the genes that have significant effects on
egg production is the PRL gene (Reddy et al., 2002 and
Wang et al., 2011). Consistent research on this gene,
which is involved in many physiological pathways,
contributes to understanding the molecular basis of use-
ful production traits. Thus, the aim of this study was to
correlate the polymorphism of prolactin gene with egg
production trait in chickens. The use of this molecular
genetic marker potentially will greatly increase the in-
tensity of selection and will most effectively uncover
the productive potential of birds. Additionally, studies
of candidate genes and their effect on the phenotypic
manifestations of interest to researchers are the basis
for MAS (Kulibaba and Podstreshnyi, 2012).

The avian PRL gene consists of five exons and
four introns (Au and Leung, 2002), results of this

120

200

280

81
B1
81

160
Ty 162
162
162
162

c 243

: 243
: 243
s : 243

300
T : 324
1 324
1 324
: 324

: 405
: 405
: 405

study revealed that molecular size of the five exons
in the four chicken lines under the study was 74bp,
180bp, 108bp, 183bp, and 420bp respectively.

The avian PRL gene is highly conserved and most
sequence polymorphisms in the cPRL gene occur in
5" flanking region, 3’ flanking region, and the coding
region of the signal peptide (Kansaku et al., 2008).
Most of the scientific researchers focused on poly-
morphisms in 5" flanking region (promoter region) of
cPRL gene as the 5 flanking region has been considered
as an excellent experimental model for studying both
tissue-specific and hormonally regulated activation of
gene transcription (Elsholtz et al., 1991). However, in
this study, the SNPs of the five exons of cPRL gene in
four commercial chicken lines namely Hubbard F15,
Lohman, Cobb 500, and Avian 48 were screened. The
aligned nucleotide and amino acid sequences of exons
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Figure 15. Amino acid sequences alignment of Prolactin gene, exon 5 in Hubbard, Lohman, Cobb 500, and Avian 48 chicken lines shows
one amino acid change at positions 169 (P/S).

* 20 * 40 * 60
Hubbard CAT CCT GGT GAT GCT GGA AAT GAA ATT TAC TCT CAC TGG GAC GGC CTT CCA TCC CTG CAA : 60
H P ¢ D A G W E I Y S5 H W D G L F S5 L @
Lohman : CAT TCT GGT GAT GCT GGA AAT GAA ATT TAC TCT CAC TGG GAC GGC CTT CCA TCC CTG CAA : 60
H s 6 D A G W E I ¥ S5 H W D 6 L P 5 L
Cebb 500 : CAT TCT GGT GAT GCT GGA ARAT GAA ATT TAC TCT CAC TGG GAC GGC CTT CCA TCC CTG CAA : 60
H s G D F:1 G N E I Y 5 H W D G L P ] L
Avian 48 : CAT TCT GGT GAT GCT GGA AAT GAA ATT TAC TCT CAC TGG GAC GGC CTT CCA TCC CTG CAA : 60
H 5 G D F:1 G N E I Y -3 H W D G L F 5 L
* 80 * 100 * 120
Hubbard : CTC GCT GAT GAG GAC TCC AGA CTC TTT GCT TTT TAT AAC CTG CTG CAT TGC CTC CGC AGA : 120
L A 1] E D 5 R L F A F Y H L L H C L R R
Lohman : CTC GCT GAT GAG GAC TCC AGA CTC TTT GCT TTT TAT AAC CTG CTG CAT TGC CTC CGC AGA : 120
L A p E D 8 R L F A F Y W L L H € L R R
Ccobb 500 : CTC GCT GAT GAG GAC TCC AGA CTC TTT GCT TTT TAT AAC CTG CTG CAT TGC CTC CGC AGA : 120
L A D E D 5 R L F A F Y H L L H c L R R
Avian 48 : CTC GCT GAT GAG GAC TCC AGA CTC TTT GCT TTT TAT AAC CTG CTG CAT TGC CTC CGC AGA : 120
L A 1] E D 5 R L F A F Y H L L H C L R R
* 140 * 160 * 180
Hubbard : GAT TCC CAC AAA ATT GAC AAC TAT CTT AAA GTT TTG AAG TGC CGC CTA ATC CAT GAT AGC : 180
1] 5 H E I D H Y L E v L K c R L I H D 5
Lohman : GAT TCC CAC AAA ATT GAC AAC TAT CTT AAA GTT TTG ARG TGC CGC CTA ATC CAT GAT AGC : 180
D s H K I D N Y L K v L K C R L I H D 5
Cobb 500 : GAT TCC CAC AAA ATT GAC AAC TAT CTT AAA GTT TTG AMG TGC CGC CTA ATC CAT GAT AGC : 180
D 5 H K I D N Y L K v L K c R L I H D =
Avian 48 : GAT TCC CAC AAA ATT GAC AAC TAT CTT AAA GTT TTG ARG TGC CGC CTA ATC CAT GAT AGC : 180
P § H K I D N Y L K ¥V L K € R L I H D
* 200 %* 220 * 240
Hubbard : AAT TGC TAA GTACCTGTGGGCTGCATTACTCACTGAAACCATTCATCATGGTGTTCTTGT : 240
N Cc *
Lohman t AAT TGC TAA GTACCTGTGGGCTGCATTACTCACTGAARACCATTCATCATGGTGTTCTTGT : 240
N c *
Cobb 500 : AAT TGC TAA GTACCTGTGGGCTGCATTACTCACTGAAACCATTCATCATGGTGTTCTTGT : 240
N C *
Avian 48 : AAT TGC TAA GTACCTGTGGGCTGCATTACTCACTGAARACCATTCATCATGGTGTTCTTGT : 240
N c *
* 260 * 280 * 300
Hubbard : TGCTTTGCCACTTTTCACTGCGAACTTTATGAAAAACCACATTGTACAGCACCAGGATCA : 300
Lohman : TGCTTTGCCACTTTTCACTGCGARCTTTACGARAARCCACATTGTACAGCACCAGGATCA : 300
Cobb 500 : TGCTTTGCCACTTTTCACTGCGAACTTTACGAAAAACCACATTGTACAGCACCAGGATCA : 300
Avian 48 : TGCTTTGCCACTTTTCACTGCGAACTTTACGAAAAACCACATTGTACAGCACCAGGATCA : 300
* 320 * 340 * 360
Hubbard : TCAGTAACTTTCAGGCATGCTTGTGTGAATTCTGGCTGCAACTATTAGTGCCATTTATCT : 360
Lohman 1 TCAGTAACTTTCAGGCATGCTTGTGTGAATTCTGGCTGCAACTATTAGTGCCATTTATCT = 360
Cobb 500 : TCAGTAACTTTCAGGCATGCTTGTGTGAATTCTGGCTGCAACTATTAGTGCCATTTATCT : 360
Avian 48 : TCAGTAACTTTCAGGCATGCTTGTGTGAATTCTGGCTGCAACTATTAGTGCCATTTATCT : 360
* 380 * 400 * 420
Hubbard : TGGTGTTTAAATGCTGTAAATCACTTGTGTAACAAGAATAAACTTTTCTGTCTAATTTCC : 420
Lohman : TGGTGTTTAAATGCTGTAAATCACTTGTGTAACAAGAATAAACTTTTCTGTCTAATTTCC ¢ 420
Cobb 500 : TGGETGTTTAAATGCTGTAAATCACTTGTGTAACAAGAATAAACTTTTCTGTCTAATTTCC = 420
Avian 48 : TGGTGTTTAAATGCTGTAAATCACTTGTGTAACAAGAATAAACTTTTCTGTCTAATTTCC : 420
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1, exon 3, and exon 4 shows complete homogeneity, no
SNPs were located. On the other hand, Yan et al. (2011)
reported one silent polymorphic site (a G—A mutation at
the position of the 6017 bp) in exon 4 of Shiqiza Chick-
en with no change in amino acid sequence. Furthermore,
Wu et al. (2008) detected two SNPs (T-3777-C and
A-3785-G) in exon 4 of Muscovy duck which have a
significant effect on broodiness behavior.

The nucleotide Sequences alignment of cPRL
gene exons 2 shows one synonymous SNP at the po-
sition 3838 (ACC/ACT-transition) in Hubbard F15
chicken line with no effect on the coded amino acid
sequences and the location far from splicing sites (do-
nor, acceptor, and branch site). The same results were
recorded by both Ding-guo et al. (2010) who studied
the correlation analysis between the polymorphism
of the exon 2 and egg-laying and broodiness traits in
Shiqiza Chicken, and Fu-wei et al. (2014) who stud-
ied the Exon 2 SNP Detection of PRL Gene and its
Associations with Egg Production Traits in Wenshang
Barred Chicken. Both results indicate the presence of
a C/T mutation at the position of the 3838 bp of exon
2. However, in their study, this SNP was non- synony-
mous and lead to an amino acid changed from Leucine
(Leu) to Phenylalanine, but with no significant differ-
ence in egg production. In spite of that, the results of
other experiments on chickens showed a significant
association between SNPs in exon 2 and body weight
at hatch, age at sexual maturity (Rashidi et al., 2012).

Concerning with SNPs in exon 5, the aligned
nucleotide sequences of exon 5 in the four chicken
lines under this study shows two SNPs in Hubbard
F15 chicken line; one non-synonymous SNP at the
position 7921 bp (CCT/TCT-transition) which result
in substitution of amino acid Ser with amino acid Pro
that differs in chemical and physical characters from
serine. Ser is one of the Polar amino acids that may
participate in hydrogen bonds while Pro belongs to
hydrophobic amino acids that normally buried inside
the protein core (Salam Al Karadaghi, 2015).

The results of Rashidi ez al. (2012) showed a sig-
nificant association between SNPs in exon 5 and egg
number. Furthermore, Erehehuara (2003) reported
two SNPs in exon 5 of cPRL gene which were located
at 8052 bp (G/C) and 8113 bp (T/C), the 8052 bp SNP
(T/C) located in the coding region of the gene, but
does not change the amino acid sequence. The geno-

typing results of these two SNPs in Recessive White
and Qingyuan Partridge chicken breeds done by Li et
al. (2013) suggested that there were significant asso-
ciations between T8052C and G8113C genotypes of
PRL gene and the egg production traits of AFE and
EN 300 concluding that there may be a relationship
between these two SNP sites and egg production traits
in chickens

The other SNP detected in Exon 5 of Hubbard F15
chicken line was a synonymous SNP at the position
8187 which result in C-T transition. Adenine-Thy-
mine in DNA conformation has two hydrogen bridg-
es (Muladno, 2010). Hydrogen bond is non-covalent
interaction which has small free energy 2-6 kj/mole
in water so the strength of bridge is weak and easy to
cleavage and reunited (Petsko and Ringe, 2004). It
gives weaker bond dissociation than Cytosin - Gua-
nine which has three hydrogen bridges.

In conclusion, genetic improvement of farm ani-
mals, including poultry, is generally aimed at maxi-
mizing economic performance and production traits,
especially in poultry breeders and table egg producing
hens. The rapid development of molecular genetics
has enabled scientists to obtain vast amounts of new
genomic information that allows for improved estima-
tion of an animal’s genetic and breeding value with
greater accuracy. A special role is played by individu-
al genes, in particular the PRL gene which considered
as a candidate marker for the egg production trait in

poultry.
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Table 2. Least square means and their standard errors for main effects of Breed, Peak and SNP on egg production traits (total egg
production, egg production per hen per week, egg production per hen per day, hen housed, hen day) and mortality rate in the four chicken

lines under the study.

Mortality rate Hen day Hen housed Egg/ hen/ D Egg/ hen/ wk [T:(t)zcllluigtigon Effects

P value = 0.008 P value =0.0001 P value=0.0001 P value=0.0001 P value=0.0001 P value=0.0001 Breed
17.85+0.42 0.74°+0.02 5.20°+0.11 0.76°+0.02 5.29*+0.11 745971633 Hubbard
113.11%£2.94 0.87°+0.01 6.08+0.04 0.89°+0.01 6.21°+0.03 434095°+2885 Lohmann
51.19°+2.87 0.68+0.03 4.74°4£0.24 0.71°+0.04 4.96°+0.25 68519°+3520 Cobb
65.19°+27.16 0.58%£0.02 4.06'+0.17 0.61°+0.02 4.27°40.17 88597°+3687 Avian

P value = 0.030 P value =0.0001 P value=0.0001 P value=0.0001 P value=0.0001 P value=0.0001 Peak of lay
36.31°%+7.02 0.61°+0.07 4.25+0.49 0.61+0.07 4.26°+0.49 136644439893  Before
67.90°+10.82 0.76°+0.01 5.34*+0.08 0.79*+0.01 5.50*+0.08 176406°£18496 At
60.40°+9.39 0.64*+0.03 4.50°+0.19 0.68°+0.03 4.77°+0.18 15446734618  After

P value = 0.0002 P value =0.10 P value =0.07 P value =0.06 P value =0.41 P value =0.012 SNP
76.49°+9.51 0.71:+0.02 4.96'+0.14 0.74°+0.02 5.15%0.13 197071°+18859 0
17.85°+0.42 0.74°+0.02 5.20°+0.11 0.76°+0.02 5.29%0.11 74597°+1633 1
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