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Abstract
Objective: To study the effect of Signal Transducers and Activators of Transcriptions 5B (STAT5B) gene polymorphism on egg production
and egg quality traits  in  White  Leghorn  (WLH)  and  Rhode  Island  Red  (RIR)  chickens. Methodology: A total of 80  blood  samples  were
collected and extraction. The PCR-RFLP of STAT5B gene was performed by using MSPI enzyme to detect a SNP g.4533815G>A. Two
fragments (477 and 77) for GG, three fragment (554, 477 and 77) for AG genotype and undigested fragment (554) for AA genotype were
identified. Results: The genotype frequencies of AA, AG and GG were 0.351, 0.108 and 0.541 in WLH and 0.525, 0.400 and 0.075 in RIR,
respectively. Statistical analysis showed that STAT5B genotypes were significantly associated with BW of initial (p<0.01), feed intake
(p<0.05),  egg  weight  (p<0.01),  egg  height   (p<0.01), shell  weight  (p<0.01),  shell thickness (p<0.001),  albumen  weight (p<0.01)  and
yolk color  (p<0.001).The GG genotype has better egg quality traits than both AA and AG genotype. However, there were non-significant
difference  in  rate  of lay,  egg  mass,  feed  per  egg  ratio,  egg   width,  shell  strength,  albumen  height,  yolk   weight   and   Haugh   unit.
Conclusion: The   present  study  indicated that polymorphisms  within STAT5B  gene    should   be  used  as  genetic  markers  in   selection
programs for improving egg quality trait.
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INTRODUCTION

Egg production in Thailand primarily uses commercial
breed chickens imported from foreign countries. Though
these chickens have good production performance, this type
of breed is not suite to the hot and humid weather in Thailand,
where  the  temperature  is  around  29EC  all  year.  In summer,
the temperature may be as high as 40EC with a relative
humidity as high as1,2 70%. This climate can easily cause hens
to experience heat stress which has many negative effects
such as a decrease in feed intake and production performance
as well as an increase in the mortality rate3. Therefore, farmers
must   renovate   their   animal   housing   to    incorporate  an
evaporative cooling system that can control the temperature
as well as use high-quality commercial feed. By so doing,
farmers will have higher investment costs which present a
challenge  to  small-scale  farmers  in  rural areas who want to
produce eggs in this condition. One of the ways to solve this
problem and which seems to be a suitable choice is the
selection and improvement of chickens. Cross breeding is
performed with the aim of appropriate genetic blending to
render the offspring fit for a given environment and to induce
a heterosis4. This can be done by crossbreeding indigenous
chickens with selected and still robust exotic breeds in order
to have a balance between suitable production performance
and tolerance to the environment4,5. White Leghorn and
Rhode Island Red chickens are pure breed laying hens famous
for breed improvement. However, little information has been
found about the genetic background of these two breeds in
Thailand2.
Nowadays,   molecular  genetics   techniques   are  being

developed in order to be used as genetic markers in animal
breeding. Called Marker Assisted Selection (MAS), this helps in
advancing animal breed improvement to reach the target
quickly. However, egg production and egg quality traits are
controlled by polygenes. As a result, it might be difficult to
study the whole genome and the relationship of each gene in
egg production. Currently, the popular strategy is to study and
compare   egg    production   by   using   the   data   in  biology,
physiology, biochemistry and others. Then, determine the
protein or factor that affects the trait of interest to the giving
study and after that analyze how gene polymorphism relates
to that protein  or that  factor.  This  technique  is  called  the
direct   candidate    gene    approach.     Signal     Transducers
and    Activators   of    Transcription   5B   (STAT5B)   have   their
functions and roles in growth, reproduction, lactation and
metabolism6.   The   STAT5B    is   an  important  modulator  of
signal   transduction  pathway   related   to   growth   hormone 
mechanisms     such    as    the    growth    hormone    receptor,

insulin-like    growth   factor   (IGF)   and prolactin7,8.  Moreover,
it was found that polymorphisms of the STAT5B  gene in
chickens are associated with growth, body weight on the first
day and weight of the first egg8,9. 
According to the previous study of the genetic diversity of

the STAT5B  gene in local chicken population of Thailand10,
this study shows that the Single Nucleotide Polymorphism 
(SNP)   g.4533815G>A   can   be   used   as   a   genetic   marker.
However, nowadays, studies assessing how such a gene
affects the traits in egg production and egg quality are still few
and unclear. Therefore, the objective of this study was to study
the relationship of the STAT5B  gene with  egg production and
eggs quality traits  in Rhode Island Red and White Leghorn
breeds in the tropical environment of Thailand.

MATERIALS AND METHODS

Experimental population: A total of 80, 31 weeks old Rhode
Island  Red  (RIR,  n =  40)  and  White  Leghorn  (WLH, n = 40)
laying hens from the experimental farm of Naresuan University
were used for the experiment. These chickens were raised in
cages with separated feed trays and egg collecting trays, each
cage contained one chicken and all were fed by limited
nutrition according to the percentage of their weights. On
average, the chickens  were  fed  twice  a  day  at  7:30  am  and
3:30 pm the composition and calculated analyses of the
experimental  diets  are  shown  in  Table  1  and water was fed
ad libitum   by  nipple. All  birds were  exposed  to  16 h of light 

Table 1: Composition and calculated analyses of the experimental diet
Items Percentage (%)
Ingredients
Soybean meal (44% CP) 19.70
Fish meal (58% CP) 5.50
Broken rice (7.6% CP) 11.80
Corn (8% CP) 50.00
Palm oil 2.50
Di-calcium phosphate 2.00
Calcium carbonate 8.00
Salt 0.10
Premix1 0.30
DL-methionine 0.10
Calculated analyses
Crude protein 16.81
Calcium 3.96
Crude fiber 2.62
Lysine 0.90
Meth+Cys 0.67
Available phosphorus 0.52
ME (Mcal kgG1) 2.85
1Supplied 100 kgG1 of diet, vitamin A: 15,000,000 IU, vitamin D: 3,000,000 IU,
vitamin E: 26,000 IU, vitamin K: 35 g, vitamin B1: 2.5 g, vitamin B2: 6.5 g, vitamin
B6: 257.5 g, vitamin B12: 26 mg, pantothenic acid: 11.04 g, nicotinic acid: 35 g,
folic acid: 1.2 g, biotin: 15.1 mg, choline chloride: 250 g, copper: 1.6 g,
manganese: 60.2 g, iron: 1.6 g, zinc: 45 g, iodine: 400 mg and selenium: 160  mg
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per day. The parameters of egg production performance traits
were recorded daily at the same time for 16 weeks. All animal
procedures were approved by the Naresuan University Animal
Care and Use Committee (NUACUC).

Data collection and traits measured: Data concerning the
traits for the rate of lay were analyzed from calculations
resulting from the following equations:

No. of eggs
Rate of lay (%) 100

No. of existing chickens
 

Total weight of all eggs
Average egg weight (g)

No. of eggs


1Egg mass (g HD¯ ) Average egg production (%) Average egg weight 

1
¯

Total feed consumption
Feed intake (g day )

No. of feeding days


Total feed consumption
Feed per egg ratio

Egg mass


The egg quality data were tested by collecting the data in
the 2nd, 4th, 6th, 8th, 10th  and 12th weeks of the experiment.
The data for egg height, egg width, egg and shell thickness
were analyzed by using the digital vernier caliper (Mitutoyo).
Egg shape index was calculated from the following formula:

Egg height
Shape index (%) 100

Egg width
 

Shell   strength   was    analyzed    by    using    the   texture
analyzer, series QTS (Brookfield). Yolk color and albumen
height  were  analyzed  by  using  the  egg   multi-tester,  series
EMT-7300  (Robotmation  Co.  Ltd.,  Tokyo,  Japan). The  Haugh
Unit (HU) scores were calculated for individual egg by using
Haugh’s equation11 is as follow:

0.37
10HU 100log (H-1.7 EW +7.6) 

where, H  is the observed height of the albumen in millimeter
and EW is weight of the egg in gram.

Blood sampling and DNA extraction: This process was done
by collecting a sample of the chicken’s blood from wing vein
of  all  chickens.  From  each  chicken  1-2   mL   of   blood  were
taken    by    using    a   3  mL  syringe.   After   that,   the    blood

sample was put into a 5 mL test tube laminated with 0.5 M
ethylene-diamine-tetraacetic acid  (EDTA). The genomic DNA
was extracted from the blood samples with a modified salting
out method according to Charoensook5 and Sambrook et al.12.
Then, the DNA quality and concentration were checked by
using the Colibri microvolume spectrometer (Nanodrop®) and
diluted   to    have   a   concentration   of   50  ng   µLG1   for   the
Polymerase Chain Reaction (PCR) process.

Genotyping   by    PCR-RFLP    assay:    Polymorphism    of    the
STAT5B    gene    was    identified   by    using   the    Polymerase
Chain  Reaction-Restriction  Fragment  Length    Polymorphism
(PCR-RFLP)       method       adapted      from      Ou  et  al.13    and
Niknafs et al.14. The process began with a PCR reaction to
amplify DNA  fragments  consisting of  genomic  DNA  with a
50 ng µLG1 concentration; a volume of 2 µL 5X FIREPol® Master
Mix   Ready   to   Load   (Solis   BioDyne);  a  volume  of  4  µL  of
primer   (Forward:   5’-  CCA  TCC  CTT  CCT GGT GCA GT -3' and
reverse:   5'-   ACT  GCT  GCC   ATT  TCC  CTT  TG-  3’)    with    a
concentration   of  10  µM   and   a  volume  of  1  µL.  Then,  the
volume  was  adjusted to reach 20 µL with ddH2O. After that,
it was taken to the PCR T100TM machine which has 30-cycle
reactions, for a 95EC denaturation for 30 sec. Then, it was
taken  for  annealing  at   60EC   for  30   sec,   for   extension  at
72EC  for 1  min, with a 95EC  initial denaturation for 3 min and
for final extension at 70EC for 5 min. After the reaction process
was    completed,   the   PCR     products     were    checked     by
using 1.5% agarose gel electrophoresis.
The amplified PCR products were digested with fast

digest    MSPI     restriction     enzyme    (Thermo   Scientific)  for
15 µL per reaction. This consists of 10X fast  digest  buffer  for
1 µL, fast digest enzyme for 0.5 µL, PCR product for 5 µL which
is then adjusted to reach 15 µL with ddH2O. After that, it was
incubated at 37EC for atleast 10 min. The genotype patterns
were explored by 3% agarose gel electrophoresis. A photo of
the genotype pattern was recorded by the gel documentation
system (Vilber Lourmat) in order to check the genotype
category of each chicken before conducting the statistical
analyses in the next step.

Statistical analyses: According to the results of the genotype
categorization, the population’s genetic structures such as
genotype frequency and allele frequency were calculated. The
expected heterozygosity (He) and the observed heterozygosity
(Ho) must be analyzed in order to evaluate the genetic
diversity15 and the  Hardy-Weinberg equilibrium was tested
using a Chi-square test with the significant level understood
as  0.01   and  the  degree  of   freedom  as  1  with  GENALEX
Version16 6.5.
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The association of the  STAT5B  gene with egg production
and egg quality traits were analyzed by using the General
Linear Model (GLM), the least squares mean was tested by
Duncan’s multiple  range  tests  by  using the SPSS program17

which has its statistic model as follows:

iJ i j ijy = µ+B +G +e

where, yij is the phenotypic record of the observed traits, µ is
the  overall  population  mean,  Bi is  the  fixed  effect of breeds,
Gi  is  the  fixed  effect  of   STAT5B    genotypes    and  eij   is  the
residual error.

RESULTS AND DISCUSSION

Genotype and allele frequencies: The genotype patterns of
the STAT5B  gene in WLH and RIR were checked by using the
PCR-RFLP technique  by digesting with the fast digest MSPI
restriction enzyme at the position of SNP g.4533815G>A.
According    to    the    study,    there     were    three    genotype
patterns:   AA,    AG   and   GG   genotypes (Fig.  1).  For  the   AA
genotype, there were undigested DNA fragments, the biggest
of which was 554 bp. For the AG genotype, there were DNA
fragments at sizes of 554, 477 and 77 bp. Also, for the GG
genotype,  there  were  DNA   fragments  at  sizes   of   477  and
77 bp. The results of the allele and genotype frequencies of
the STAT5B  gene in WLH and RIR demonstrate that WLH had
more frequency of the GG genotype  (Table 2) which was also
greater   than  the  AA  and  AG  genotypes  (0.541,  0.351  and
0.108,  respectively). In RIR, it was shown that the frequency of
the AA genotype was higher than the AG  and  GG genotypes
(0.525, 0.400 and 0.075, chronologically). According to the
result  of  Chi-square  test, it  was found that the expansion of

the  genotype  was shown  according  to  the  Hardy-Weinberg
equilibrium (p<0.01), except in WLH which went along with
the results of expected heterozygosity (He) being higher than
observed heterozygosity (Ho). This has shown a low genetic
diversity in the population which might result from the cause
of selection10.

Genotype-trait  associations:  The   Signal  Transducers  and
Activators   of    Transcription    5B   (STAT5B)     are     important
modulators for growth hormones, growth hormone receptors,
IGF and prolactin which have interrelated roles and which
affect the growth and the reproduction of poultry7-9,18,19. Thus,
it has been suggested that STAT5B  may be a candidate gene
for growth and egg production traits. According to this study,
it was found that the STAT5B  genotype is associated with the
traits of body weight at 31 weeks (p<0.01), egg weight
(p<0.01)  and  feed intake (p<0.05).  However,  the  rate of lay,
egg mass  and feed per egg ratio have shown non-significant
differences (p>0.05). The association between the least
squares  mean  of   egg   production   traits   and  the   STAT5B
genotype is shown in Table 3.  Body weight and reproductive
traits are quantitative traits and are interrelated with complex
genes and the environment8. From this study, it can be stated
that chickens having the GG genotype are interesting for egg
type chicken because they have a small body and eat so little
but  produce  the  heaviest  eggs  as  well as AA genotype that
are   interesting  for  meat   type   chicken.  Sadeghi  et  al.9  and
Ou et al.13 have reported that STAT5B  gene was associated
with  both  growth  and reproductive  traits.  This  study results
 have demonstrated  that  the  genetic  marker of  the  STAT5B
gene  might  be  used  in  breed   selection   programs   for  the
simultaneous improvement of traits concerning growth and
egg production9 such as in multipurpose chicken breeds.

Fig. 1: Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RELP) pattern of STAT5B  gene in White
Leghorn and Rhode Island Red chickens (M = 100 bp DNA ladder)
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Table 2: Genotype and allele frequency of STAT5B gene
Genotype frequency Allele frequency Heterozygosity
--------------------------------------------------------- --------------------------------- --------------------------------

Breed (N)a AA AG GG A G (χ2)b Ho He
WLH (40) 0.351 0.108 0.541 0.405 0.595 22.267** 0.108 0.482
RIR (40) 0.525 0.400 0.075 0.725 0.275 0.001 0.400 0.399
Pooled (80) 0.438 0.254 0.308 0.565 0.435 - - -
aWLH: White Leghorn, RIR:  Rhode  Island  Red. bChi-square (χ2) with 1 degree  of  freedom,  the  area  of  critical  value  of  6.635, the "  area  is  0.01  and  **Significant
at p< 0.01 

Table 3: Association of STAT5B  genotype on egg production traits
STAT5B  genotype
------------------------------------------------------------------------------------------------------------

Parameters AA AG GG SEM
Body weight at 31 weeks (kg) 1.771a 1.893a 1.496b 0.048**

Rate of lay (%) 72.14 69.38 64.24 1.57ns

Egg weight (g) 50.56b 46.04b 53.43a 0.87**

Egg mass (g HDG1) 36.34 33.37 34.40 0.91ns

Feed intake (g dayG1) 84.80a 90.22a 75.55b 2.02*

Feed per egg ratio 2.34 2.52 2.22 0.06ns
1Different letters indicate significant difference, *Significant at p<0.05, **Significant at p<0.01 and ns: Non-significant difference at p>0.05

Table 4: Association of STAT5B  genotype on egg quality traits
STAT5B  genotype
-----------------------------------------------------------------------------------------------------------

Parameters AA AG GG SEM
Egg height (mm) 55.24b 54.18b 56.41a 0.24**

Egg width (mm) 40.86 40.68 40.83 0.30ns

Egg shape index (%) 74.01 74.99 72.40 1.39ns

Shell weight (g) 6.58b 6.50b 7.57a 0.15**

Shell thickness (mm) 0.33b 0.33b 0.37a 0.01***

Shell strength (kg cmG2) 3289.00 3364.00 3340.00 107.00ns

Albumen weight (g) 29.81b 29.40b 32.79a 0.43**

Albumen height (mm) 7.14 6.90 7.51 0.13ns

Yolk weight (g) 14.68 13.80 14.60 0.17ns

Yolk color 7.21b 7.64a 7.02b 0.06***

Haugh unit score 86.10 95.78 87.54 2.40ns
1Different letters indicate significant difference, *Significant at p<0.05, **Significant at p<0.01, ***Significant at p<0.001 and ns: Non-significant difference at p>0.05

In the association analysis between the genotype and egg
quality traits, it was found that the  STAT5B  gene is associated
with the traits of egg height (p<0.01), shell weight (p<0.01),
shell thickness (p<0.001), albumen weight (p<0.01) and yolk
color (p<0.001), but that there was non-significant difference
(p>0.05) in the width of the egg shape, the strength of the egg
shell, the height of the albumen, the weight of the egg yolk, or
the Haugh unit (Table 4).
The physical features of the egg such as shell strength

and shell thickness are some of the factors showing the quality
of the egg since, when moving or transporting these eggs,
their shells  might  be  broken  if  they  are  not  strong  enough 
and  resulting  in  economic  loss20,21.  In  addition,  a   thicker
eggshell is very useful in terms of helping to protect the egg
from germs and moisture that might penetrate small holes in
the  eggshell.     A     strong    eggshell    positively    affects   the
freshness and how long the egg can be kept so, improving
egg shell quality is very  important  for the  egg  producer4,20-22.

Fan et al.20 reported  that  the  sodium  channel  (SCNN1)  gene
family was significantly associated egg shell traits in chicken,
especially egg shell strength and egg shell thickness.
According to this study, it was found that the GG genotype of
STAT5B  has an egg height (p<0.01), shell weight (p<0.01) and
shell thickness (p<0.001) that are higher than other
genotypes. This result has shown that the STAT5B  gene might
also relate to the building process of the eggshell.
The consumer’s decision to buy eggs is influenced by

many factors such as price,  size,  freshness  and  the  colors  of
the eggshell and the egg yolk (for example, a vivid egg yolk
color     influences       the       purchase      decision)22-24.      Thus,
improvements in egg quality, especially the content of egg
yolk have become a critical goal of layer hen breeding25.  For
this  reason, many  producers  include more feed  supplements 
such   as   xanthophyll   in    chicken   diets.   However,  this 
study   did   not    use    feed    supplements    in     the   chicken
experimental  diet  to  augment the yolk color (Table 1) but the
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result has shown that the AG genotypes of STAT5B  have  a
more vivid egg yolk color  than   the   AA   and   GG   genotypes 
with a very high statistically  significant  difference (p<0.001). 
This study hypothesized that these variant may disturb some
transcription factor-binding site thus, altering gene expression
and affecting the pigment absorption or some metabolisms
relating egg formation in chicken. However, this hypothesis
still needs further verification.

CONCLUSION

This study is the first showing the relation between the
genotype of the  STAT5B gene and egg quality traits (egg
weight,  egg  height, shell   weight,   shell   thickness,  albumen
weight and yolk color) as well as the relation to feed intake
and body weight at 31 weeks. According to the data from
association analysis, it has been shown that the G allele at SNP
g.4533815G>A can be one of the most important genetic
markers toward improving the egg quality traits in MAS
programs. The information from this study will be a useful
guideline in chicken genetics with the aim of improving egg
quality in order to be resistant to the tropical environment.
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