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The aim of the present study was to detect a total of 11 polymorphisms of 6 genes (OCX32,
GHR, DRD, VIP, VIPR, MR) related to egg yield and quality in six brown layer lines namely
Rhode Island Red-1 (RIRI), Rhode Island Red-1l (RIRII), Barred Rock-l1 (BARI), Barred
Rock-11 (BARII), Colombian Rock (COL) and Line-54 (L5-4) raised in Ankara Poultry
Research Institute. A total of 208 samples belonging to RIRI (n= 32), RIRII (n= 32), BARI
(n= 40), BARII (n= 32), COL (n= 32) and L-54 (n= 40) were genotyped by PCR-RFLP
method. For this reason, a total of 11 polymorphic regions were amplified by PCR and then
PCR products were digested with specific restriction endonucleases. Results of the present
study showed that polymorphisms and adequate genetic variations were found in OCX32-
ex4/Ncol, OCX32-ex2/HpyCH4IV, DRD2/BseGl, VIPR-1/Hhal, VIPR-2/Taql and MR1C/Mbol
genes which previously reported to associated with egg quality and yield in different chicken
lines. However, conducting the association analysis between these genes and egg yield and
quality will be useful. On the contrary, it has been revealed that GHR-intron 2/HindIll, GHR-
intron 5/Nspl, VIP-501/Vspl, DRD1/BseNI and VIP-12/Hinfl polymorphisms cannot be used to
increase egg yield and quality due to no detection of desired genotypes or homozygous excess.
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Bu calismanin amaci Ankara Tavuk¢uluk Arastirma Enstitiisiinde yetistirilen Rhode Island
Red-1 (RIRI), Rhode Island Red-Il (RIRII), Barred Rock-1 (BARI), Barred Rock-1l (BARII),
Colombian Rock (COL) ve Line-54 (L-54) isimli alt1 kahverengi saf yumurtaci tavuk hattinda
yumurta verim ve kalitesi ile iligkili olan 6 gende (OCX32, GHR, DRD, VIP, VIPR, MR)
toplam 11 polimorfizmin belirlenmesidir. RIRI (n= 32), RIRII (n= 32), BARI (h= 40), BARII
(n=32), COL (n= 32) ve L-54 (n= 40) hatlarina ait toplam 208 6rnek PCR-RFLP yontemiyle
genotiplendirilmistir. Bu amagla, toplam 11 polimorfik bolge PCR ile gogaltilmis ve daha
sonra PCR iiriinleri 6zgiin restriksiyon enzimleriyle kesilmistir. Mevcut ¢alismanin sonuglari
daha once farkli tavuk irklarinda yumurta verimi ve kalitesiyle iligkili oldugu bildirilen
OCX32-ex4/Ncol, OCX32-ex2/HpyCH41V, DRD2/BseGl, VIPR-1/Hhal, VIPR-2/Tagl ve
MR1C/Mbol genlerinde polimorfizmin ve yeterli genetik varyasyonun bulundugunu
gostermistir. Bununla birlikte yumurta verim ve kalite ozellikleri ile bu genler arasinda iligki
analizlerinin yapilmas: faydali olacaktir. Aksine, GHR-intron 2/Hindlll, GHR-intron 5/Nspl,
VIP-501/Vspl, DRD1/BseNI ve VIP-12/Hinfl gen boélgelerinde istenilen genotiplerin tespit
edilememesi ya da homozigot fazlaligindan dolayr bu gen bolgelerinin kullanilamayacagi
tespit edilmistir.

*This research was approved by the Ankara Poultry Research Institute Animal Experiments Ethics Committee, Ankara, Turkey (Protocol No: 23.01.2015/03).
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1. Introduction

Healthy life of societies depends on consuming animal-
derived protein (milk, egg, and meat) at adequate levels (Landi
et al. 2017). A large part of protein requirements in Turkey, in
which a large part of population lives in centre rather than rural
areas, are met by poultry sector due to some advantages of
chickens compared to other livestock species. Indeed, chicken
meat and egg are not only produced in short period of time but
also chickens can be reared with more animals in same unit of
area. Chicken egg, containing balanced fatty acids composition,
high vitamin, mineral and phospholipids, is one of the main
protein resources consumed by children, teenagers, and adults in
worldwide (Akbay et al. 2000; Celebi and Karaca 2006).
Studies on breeding material production in poultry sector are
performed only by Ankara Poultry Research Institute in Turkey.
Six brown layer pure chicken lines (RIRI, RIRII, BARI, BARII,
COL and L-54) are raised by Ankara Poultry Research Institute
(Goger et al. 2017; Karsli and Fidan 2019).

In avian, egg production is a complex process controlled by
many hormones. Decreased level in blood circulation of
Prolactin (PRL), one of these hormones, increases egg
production. Vasoactive intestinal peptide (VIP), released by
hypothalamus gland, leads to releasing PRL hormone. In
addition, Dopamine, and its receptors such as Dopamine D1
(DRD1) and D2 (DRD2) control PRL hormone by provoking
VIP releasing (Xu et al. 2010; Zhou et al. 2010; Xu et al. 2011).
On the other hand, eggshell quality is also important for poultry
sector, since consumers demand for products without any
damages. Eggshell functions as an antimicrobial barrier in order
to protect nutrition content of egg. Delivering eggs without any
damages to consumers is an important step in poultry sector.

In chickens, many economically important traits including
egg yield and quality show quantitative inheritance. These traits
are shaped by genetic structure and many environmental factors
such as feed intake and photoperiod length (Lewis and Gous
2006). Today, many candidate genes such as PRL, VIP,
dopamine, gonadotropin releasing hormone (GnRH), insulin-
like growth factor (IGF-1), growth hormone (GH), neuropeptide
Y (NPY), Ovocalyxin-32 (OCX-32), melatonin and their
receptors were reported to be associated with egg yield and
quality (Lewis and Gous 2006; Li et al. 2008; Li et al. 2009;
Uemoto et al. 2009; Xu et al. 2010; Zhou et al. 2010; Xu et al.
2011; Li et al. 2013; Abdi et al. 2014).

Increasing egg yield and quality by applying traditional
selection methods is challenging, since they possess low
heritability and are controlled by many genes. Today, however,
thanks to developing molecular techniques, genes related to egg
yield and quality could be detected at molecular level. By
supplementing traditional selection methods with Marker
Assisted Selection (MAS), the frequency of desired genotypes
associated with higher egg yield and quality could be increased
in chicken populations. Hence, this study aimed to determine a
total of 11 polymorphisms in 6 genes and their receptors
[OCX32-ex4, OCX32-ex2, GHR-intron 2, GHR-intron 5, DRD1,
DRD2, VIP-501, VIP-12, VIPR-1, VIPR-2 and MRI1C
(Melatonin Receptor 1C)] related to egg yield and quality in six
brown layer lines by using PCR-RFLP (Polymerase Chain
Reaction- Restriction Fragment Length Polymorphism).

2. Material and Methods

2.1. Ethic statement

This research was approved by the Ankara Poultry Research
Institute Animal Experiments Ethics Committee, Ankara,
Turkey (Protocol No: 23.01.2015/03).

2.2. Blood samples and DNA extraction

A total of 208 blood samples were randomly collected from
six brown pure layer lines namely RIRI (n= 32), RIRII (n= 32),
BARI (n= 40), BARII (n= 32), COL (n= 32) and L-54 (n= 40)
raised in Ankara Poultry Research Institute. Approximately
0.5-1 ml blood samples taken from venous cutenea ulnaris to
vacuum tubes containing EDTA as anticoagulant, were
collected and transported to the laboratory and then stored at
-20°C until DNA extraction was performed. DNA was isolated
from blood samples by using a salting-out method with minor
modifications (Miller et al. 1988). DNA quality and quantity
were checked using agarose gel (1%) and spectrophotometer
(NanoDrop-SD 1000). DNA concentration was adjusted to 50
ng pL! for PCR-RFLP analysis.

2.3. PCR-RFLP analysis

In this study, a total of 6 different candidate genes together
with their receptors were amplified with primer sets reported in
previous studies (Table 1). PCR was performed in 20 uL
reaction volume containing 1.2 pL HQ buffer (GeneAll), 2.5
mM dNTPs, 10 pM of each primer, 2.5 U Taq DNA Polymerase
(GeneAll), 50 ng template DNA and 11.4 pL ddH20. PCR
amplifications were applied in initial denaturation at 94°C for 5
mins, followed by 30 cycles at 94°C for 45 s, at 50-62°C (Table
1) for 45 s and at 72°C for 50 s. The final extension were
carried out at 72°C for 5 mins.

In order to genotype the individuals, amplificated PCR
products were digested with restriction endonucleases. A total
of 16 pL RFLP mixture containing 7 pL of amplified PCR
products, 2.5-5 U restriction enzymes (Table 1), 1.4 uL 10X
buffer and 7 uL nuclease free water, were incubated at 37-65°C
for at least 12 hours according to manufacturer instructions
(Thermo Scientific Inc.). PCR products were separated on %1
agarose gel electrophoresis at 80 volts for 45 minutes, while
RFLP products were separated on %3 agarose gel
electrophoresis at 70 volts for 60 minutes.

2.4. Statistical analysis

In this study, to calculate the genotype and allele
frequencies in the studied candidate genes, Popgene V. 1.32.
(Yeh et al. 1997) package program was used. This software was
also used to test the HW equilibrium.

3. Results and Discussion

It has been reported in previous studies that the
polymorphisms in studied candidate genes related to egg yield
and quality, were SNPs (Li et al. 2008; 2009; 2010; 2013;
Uemoto et al. 2009; Zhou et al. 2010; Xu et al. 2011).
Therefore, PCR-RFLP was conducted to detect polymorphisms
in candidate genes. For this reason, candidate genes were
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Table 1. Some descriptive information of studied candidate genes.
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Gene Chr. Primers (5°-3”) Ann.Temp. (°C) PCR Size Restriction Enzyme Expected Product Size References
GHR-intron 2 A SN vallisscat 59 718 Hind1l! AA;: 428-290, AAy:170-258-290 Li et al. 2008
GHR-intron 5 z R T o 56 740 Nspl CC: 550-190, CD:740, 550, 190, DD:740  Li et al. 2008, 2010

DRD1 13 LT ORI oBOeARCCCT IS, 62 283 BseNI AA111-172, AG:111-172-283, GG: 283 Xu et al. 2010

DRD2 TR NN asNnesaciraclicods 60 248 BseGl CC:248, TC: 248-196, TT: 196 Xu et al. 2011

VIP-501 3 Eiééﬁgg?ﬁlﬂ?ﬁgg%’ﬁ%ﬁ;ﬁ N 55 306 Vspl I1: 306, DI: 306-154-152, DD: 154-152  Zhou et al. 2010
VIP-12 AU e iastis 58 520 Hinf | CC: 480, CT:520-480, TT: 520 Zhou et al. 2010
VIPR-1 S asclivesvecioct 58 434 Hhal TT:434, TC: 434-253-181, CC 253-181  Xu et al. 2011
VIPR-2 U pe sl il 58 486 Tag| TT:486, TC: 486-310-176, CC 310-176  Xu etal. 2011
OCX32-ex4 R E?Eg%{gg%ﬁé%gggﬁgf 58 250 Ncol AA250 AC:250-194 CC:194 Uemoto et al. 2009
OCX32-ex2 9 E:: %%ggéigi%gm%ﬁg 58 405 HpyCH4IV TT:237-169, TG: 2357?69—151, GG 237 Uemoto et al. 2009
MR1C 4  FIGGTGTATCCGTATCCTCTAA 50 372 Mbol AA372, AG:372-333, GG:333 Li et al. 2013

R: GACAGTGGGACAATGAAGT
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amplified by PCR and then digested with specific restriction
endonucleases to detect genotypes. Amplified and digested
products for DRD2 gene were given as an example in Figure 1
and Figure 2, respectively.

All chicken lines were monomorphic in GHR-intron
2/HindlIl (A1A1 genotype) and VIP-501/Vspl (Il genotype)
(data not shown). Similarly, RIRI, RIRII, BARI, BARII and
COL populations were monomorphic (CD genotype) in GHR-
intron 5/Nspl polymorhism, while CD and DD genotype
frequencies were 0.53 and 0.47, respectively in L-54 line.
Additionally, all individuals belonging to BARI, BARII, COL
and L-54 were monomorphic (CC genotype) in VIP-12/Hinfl
polymorphism. T allele frequency ranged from 0.47 (RIRI) to
0.50 (RIRI) in VIP-12/Hinfl polymorphism (Table 2).

In total nine regions, which correspond a large part of
studied 11 sites, were found to be polymorphic. In addition,
most of studied chicken lines were in Hardy-Weinberg
equilibrium for related genes. This situation indicates genetic
diversity in chicken lines. Similarly, high genetic diversity was
reported in these chicken lines by previous studies based on
different molecular marker techniques (Karsli et al. 2017; Karsl
and Balcioglu 2019). Despite of conducted selection process for
a long time in these chicken lines, high genetic diversity was
detected. It is thought that adequate population size and
controlled mating process may be the main reason for high
genetic diversity, which is promising for sustainable use of
these chicken lines and possible selection studies in the future.

It has been reported that polymorphisms in OCX32 gene are
related to egg quality including eggshell colour, albumen height
and yolk weight (Fulton et al. 2012). In this study, all chicken

lines were detected to be polymorphic in OCX32-ex4/Ncol and
OCX32-ex2/HpyCH4IV polymorphisms (Table 2). The highest
G and T allele frequencies were detected in RIRI (0.64) and
COL (0.74) lines, respectively, while the highest GG, GT and
TT genotype frequencies were observed in RIRI (0.45), BARI
(0.52) and COL (0.52), respectively in OCX32-ex2/HpyCH4IV
polymorphism. AA genotype frequency ranged from 0.15 (L-
54) to 0.78 (BARI), while the highest AC and CC genotype
frequencies were observed in RIRI (0.50) and L-54 (0.47) lines,
respectively, in OCX32-ex4/Ncol polymorphism. CC, AC and
AA genotype frequencies were reported as 0.37, 0.44 and 0.19,
respectively in Rhode Island Red breed (Uemoto et al. 2009).
Genotype frequencies detected in RIRI and RIRII in OCX32-
ex2/HpyCH41V polymorphism were accordant with the results
reported by Uemoto et al. (2009). The present study showed that
six brown chicken lines conserve genetic diversity in OCX32
gene.

It has been reported that DRD1 gene is associated with total
egg production and broodiness frequency, while DRD2 gene is
related to egg number at 300 days of age in chicken (Xu et al.
2010; 2011). Chickens with AA genotype reported being shown
superior number of total egg than chickens with GG and AG
genotypes in DRD1/BseNI polymorphism (Xu et al. 2010).
Additionally, individuals with TT genotype reported being
shown superior egg number at 300 days of age than individuals
with CC and TC genotypes in DRD2/ BseGlI polymorphism (Xu
et al. 2011). Although PCR products were amplified
successfully, no genotype was detected in BARI, BARII and L-
54 lines due to unexpected RFLP fragments in DRD1/BseNI

Figure 2. Agarose gel image of digested PCR products of DRD2 gene with BseGl restriction enzyme (Marker: Thermo, 100 bp, Cat. No: SM0241;
3% agarose gel, Digested band size CC: 248 bp, CT: 196-248 bp, TT: 196 bp).
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Table 2. Allele and genotype frequencies of candidate genes in six brown pure chicken lines.
RIRI BARI coL

. Allele ) ; Allele 2 . Allele 2
Loci n Frequency Genotype Frequency X Loci n Frequency Genotype Frequency % Loci n Frequency Genotype Frequency %
ift':;'z 32 AJLO0 AJ0.00 AiAY/L00 AiAl0.00 AxAx/0.0 iStTo?‘n_Z 40 A/1.00 AJ0.00 AIA/LO0 AtA/0.00 AA0.0 - iStll:ioi_Z 32 AJLO0 AJ0.00 AA/LO0 AiAJ0.00 AAN0.0 -
GHR- 5y cios0 DI0S0 ccio.o0 coitoo pboo - CHR 4y cioso pioso ccooo  coimoo bpboo - CHMR3 cros0 pioso cclooo  CDA00 DDI000 -
intron5 intron5 intron5
DRD1I 32 A000 G/1.00 AAD00 AG0.00 GGLO0 - DRDL - - ; ; ; ; - DRDI 32 A003 G097 AA003 AG/0.00 GG0.97 32.00°
DRD2 32 C/L00 T/000 CC/LO0 TC/0.00 TT/000 -  DRD2 40 C/069 T031 CC047 TC042 TT/010 000° DRD2 32 C/0.95 T/0.05 CC/O.91 TC/O.09 TT/0.00  0.08°
VIP-501 32 1/1.00 D/0.00 IVL00  DI000 DD/0.00 -  VIP-501 40 1100 D/0.00  I/L00  DI0.00 DD/0.00 -  VIP-501 32 1L00 D/0.00 1/1.00  DI0.00 DD/000 -
VIP-I2 32 C/053 T/0.47 CCl038 CT/O.31 TT/0.3L 444 VIP-I2 40 C/1.00 T/0.00 CC/L00 CT/0.00 TT/0.00 -  VIP-I2 32 C/A00 T000 CC/L00 CT/0.00 TT/000 -
VIPR-L 32 C/L.00 T/0.00 CC/L.00 TC/00 TT/0.00 -  VIPR-L 40 C/0.86 T/014 CC/073 TC/0.27 TT/0.00 1.02° VIPR-L 32 C/00 T000 CC/LO00 TC/0.00 TT/000 -
VIPR-2 32 Cl0.16 T/0.84 CCl0O.00 CT/O31 TT/0.69 109 VIPR-2 40 C/069 T/03L CC06L CT/0.17 TT/022 1405 VIPR-2 32 C/00 T000 CC/LO00 CT/0.00 TT/000 -
025432' 32 A056 Cl044 AA03L ACOS50 CC/O.19 0.01° Oiiﬁfz' 40 A08Y CI011 AA0.78 ACI022 CCO0  0.64° 0095432' 32 A064 CI036 AA04L ACI047 CCO12 001
025232' 20 G064 T/036 GG045 GT/O.38 TTOA7  0.93° Oisz' 35 G063 T037 GG037 GT052 TT/OA1  0.36° 0095232' 25 G026 TIO74 GG0.04 GT044 TT/052 0510
MRIC 32 A0S55 G045 AA03L AGI047 GG022 009 MRIC 40 A0.64 G036 AA030 AGI068 GG002 848" MRIC 32 A042 G058 AA0.16 AG053 GGI03L 025

RIRII BARII L-54

GHR- 35 AJ100 AJ0.00 AAJ/LO0 AAZ000 AAJ00 -  CHRT 95 100 AJ0.00 AAVLO0 AAZ0.00 AAZ00 -  CHRT 40 AJ100 AZ0.00 AA/LO0 ALAJ000 AA/0O0 -
intrOnZ 1/ 1. 2/ U, 1AL L. 1A2/U. 221U, |ntr0n2 1/ L. VIAVH 1AL L 1A2/U. 221U, |nt|’0n2 1/ L. VIAVE 1AL L. 1A2/U. 2, .
GHR- 35 cios0 DOs0 ccooo comoo pooo - CHRT 3 coso poso cciooo comoo pooo - CHRY a3 cio26 D074 CCO00  CDIOS3 DD04T 485
intron5 intron5 intron5
DRD1I 32 A00 G/1.00 AAD00 AG/0.00 GG/LOO - DRDL - - ; ; ; ; - DRDL - - ; ; ; ; ;
DRD2 32 C/L00 T/000 CC/LO0 TC/000 TT/000 -  DRD2 32 C/053 T047 CC0.25 TCI056 TT/019 054 DRD2 39 C/046 T/054 CC/0.26 TCO4L TT/0.33 1.19°
VIP-501 32 /100 D/0.00 I/L00  DI000 DD/0.00 -  VIP-50L 32 1/L00 D/0.00  I/L00  DI0.00 DD/0.00 -  VIP-501 40 1100 D/0.00  1/.00  DI0.00 DD/000 -
VIP-I2 31 C/050 T/050 CC/019 CT/0.62 TT/019 158 VIP-I2 32 C/00 T/000 CC/AO0 CT/0.00 TT/000 -  VIP-I2 38 C/A00 T0.00 CC/A00 CT/000 TT/000 -
VIPR-L 32 C/1.00 T/0.00 CC/A00 TCO00 TT/0.00 -  VIPR- 32 C/100 T/000 CC/L00 TC.00 TT/0.00 -  VIPR-L 40 C/00 T/000 CC/LO00 TC/00 TT/000 -
VIPR-2 32 Cl041 T/059 CCl031 CT/0.19 TT/050 1196 VIPR-2 32 C/059 T/040 CC0.44 CT/0.31 TT/025 397 VIPR-2 40 C/00 T/000 CC/L00 CT/0.00 TT/000 -
025432’ 32 A0S5 C/045 AA033 ACI042 CCI0.25 1.04° Oii(j’z' 32 A069 CI031 AA053 AC031 CC16 238 0(3:432- 30 A035 C/065 AA0.15 AC0.38 CC047 0.88
025232’ 22 G039 TO6L GG014 GT/050 TT/0.36 0.06° 0(;?232- 27 G057 T043 GG037 GT/04L TT/0.22 075 021(232' 33 G041 TO59 GGO21 GT/039 TT/040 113
MRIC 32 A042 G058 AA019 AGI047 GG034 005 MRIC 32 A09L G009 AA0SL AGI019 GG0.00 034° MRIC 39 A058 G042 AA026 AG064 GGI010 382

%2 00s;1: 3.84; a: Deviation from HWE is non-significant; b: Deviation from HWE is significant.
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polymorphism. RIRI and RIRII lines were of GG genotype and
desired genotyped (AA) was observed in only COL line at very
low frequency (0.03) (Table 2). Except RIRI and RIRII lines,
desired genotype (TT) was detected in BARI (0.10) and BARII
(0.19) chicken lines at low frequencies in DRD2/BseGl
polymorphism. However, higher TT genotype frequency (0.33)
was observed in L-54 chicken line. These TT genotype
frequencies were higher than the value (0.004) reported in
Ningdu Sanhuang chicken breed (Xu et al. 2011). It is not
surprising, since selection studies have been conducted for
studied chicken lines for many years. Additionally, L-54
contains approximately 15% White Leghorn blood, which may
cause higher TT genotype frequency. Similarly, Demir et al.
(2020) previously reported higher TT frequency (0.00-0.68) in
five white pure layer chicken lines obtained from White
Leghorn, raising in the same institute.

It is also reported that VIPR-1 and VIPR-2 genes are
associated with egg number at 300 days in chickens (Xu et al.
2011). Superior values for egg number at 300 days were
reported for CC and TC genotypes than TT genotype in VIPR-
1/Hhal polymorphism and for TT genotype than CC and TC
genotypes in VIPR-2/Taqgl polymorphism (Xu et al. 2011). In
the present study, no TT genotype was detected in studied lines,
while CC genotype was detected in all chicken lines except for
BARI. On the contrary, no desired genotype (TT) was detected
in COL and L-54 chicken lines in VIPR-2/Tagl polymorphism.
However, TT genotype was observed at high frequency in RIRI
(0.69) and RIRII (0.50) and at low frequency in BARI (0.22)
and BARII (0.25). CC, TC and TT frequencies were reported as
0.935, 0.060 and 0.005, respectively in Ningdu Sanhuang
chicken (Xu et al. 2011); 0.64, 0.29 and 0.07, respectively in
Vietnam Voi chicken (Ngu et al. 2015) in VIPR-1/Hhal
polymorphism. CC, TC and TT frequencies were reported as
0.698, 0.209 and 0.093, respectively in Ningdu Sanhuang
chicken (Xu et al. 2011); 0.48, 0.33 and 0.19, respectively in
Vietham Voi chicken (Ngu et al. 2015) in VIPR-2/Taql
polymorphism. The higher TT frequency was observed RIRI,
RIRIl, BARI and BARII than Ningdu Sanhuang (Xu et al.
2011) and Vietnam Voi (Ngu et al. 2015) chickens.

Li et al. (2013) reported that MR1C/Mbol polymorphisms
are associated with both age at first egg and egg number at 300
days and in chickens in which individuals with AG genotype
showed superior egg number at 300 days than individuals with
GG and AA genotypes. In the present study, no GG genotype
and low AG frequency (0.19) was detected in BARII line,
whereas AG frequency were ranged from 0.47 (RIRI and RIRII)
to 0.68 (BARI) in other brown chicken lines in MR1C/Mbol
polymorphism (Table 2). Also, the highest A and G allele
frequencies were 0.91 (BARII) and 0.58 (RIRIl and COL),
respectively. Similar AG frequency (0.60) was reported in
Wenchang chicken (Li et al. 2013).

Today, genes associated with higher egg production and
quality traits can be detected at molecular level by using
developing molecular techniques. Additionally, the frequency of
desired genotypes with higher egg production and quality traits
can be increased by supplementing traditional selection methods
with MAS. In this context, the present study revealed that
OCX32-ex4/Ncol and OCX32-ex2/HpyCH41V polymorphisms
may be used in order to increase egg quality, while DRD2/
BseGl, VIPR-1/Hhal, VIPR-2/Tagl and MR1C/Mbol
polymorphisms may be chosen in order to increase egg yield in
brown chicken lines reared in Ankara Poultry Research
Institute. On the contrary, GHR-intron 2/Hindlll, GHR-intron

5/Nspl, VIP-501/Vspl, DRD1/BseNI and VIP-I12/Hinfl cannot be
used in MAS due to lack of desired genotypes (or at very low
frequencies) in studied chicken lines. Still, GHR-intron 5/Nspl
polymorphism may be used for only L-54 line; VIP-I12/Hinfl
polymorphism for only RIRI and RIRII chicken lines in MAS.

4. Conclusion

This is the first comprehensive study aimed to determine
polymorphisms in a total of 11 polymorphisms of 6 genes
related to egg yield and quality in six brown layer lines
including RIRI, RIRII, BARI, BARII, COL and L-54 reared in
Ankara Poultry Research Institute by using PCR-RFLP. The
results of this study can be helpful for MAS studies conducted
in six brown chicken lines reared in Ankara Poultry Research
Institute in future. In the future MAS studies may be carried out
based on loci which were found only to be polymorphic in this
study. However, we highly recommended that conducting the
association analysis between polymorphic loci and egg yield
and quality with adequate number of chickens before applying
MAS studies.
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