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ABSTRACT. Signal transducers and activators of transcription 
(STAT5B), dopamine receptors D2 (DRD2), bone morphogenetic 
protein (BMP15), and melatonin receptors type C (MTNR1C) play an 
important role in growth and reproductive traits in chickens. We 
studied the 9th generation of 93 Pradu Hang Dam and 95 Chee 
chickens examining PCR-restriction fragment length polymorphisms 
to genotype for growth and reproductive traits. There was no 
significant association between other traits, but we confirmed that in 
Pradu Hang Dam, DRD2 was associated with egg weight at the age at 
first egg while BMP15 was associated with egg weight at 300 days 
and body weight at 300 days. Moreover, MTNR1C was associated 
with egg weight at 300 days and egg number at 300 days. In Chee, 
MTNR1C was associated with egg number at 300 days. We suggest 
that DRD2, BMP15, and MTNR1C be used to select for early 
maturity and growth, while MTNR1C be used for egg number in 
Pradu Hang Dam. In Chee, MTNR1C can be a marker to improve egg 
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production. For improving the egg production in Thai native 
chickens, we recommend that MTNR1C be used in marker-assisted 
selection. 

 
Key words: PCR-RFLP; STAT5B; DRD2; BMP15; MTNR1C; Marker-assisted 
selection 

INTRODUCTION 
 
Thai Pradu Hang Dam and Chee chickens are important for sustainable utilization 

of chicken breeds for egg and meat production in Thailand. They are uniquely suitable and 
adapted to harsh local environmental conditions and they are comparatively resistant to 
diseases (Duangjinda, 2015). However, their production performance is low compared to 
typical commercial breeds (Jaturasitha et al., 2008; Duangjinda, 2015). Therefore, there is a 
need to improve economically important production traits in these native chickens. 

Reproductive and growth traits are the most important economic traits for the 
poultry industry and are controlled by multiple genes (Ou et al., 2009). Consequently, 
understanding the genetic networks influencing reproductive and growth traits is important 
in selecting animals for superior growth and reproductive performance (Zhao et al., 2012). 
With advances in molecular genetics and its application in genetic improvement programs, 
polymorphism of candidate genes can be used to help select for complex traits of economic 
importance (Dekkers et al., 2002), facilitating the use of genetic markers for marker-assisted 
selection for identification, mapping and analyzing quantitative trait loci (Stone et al., 
2005). 

Signal transducers and activators of transcription (STATs) represent a family of 
latent cytoplasmic proteins that mediate a variety of peptide hormones and cytokines in a 
target cell (Darnell, 1997), controlling the action of growth hormones on target genes 
(Argetsinger et al., 1996). Ou et al. (2009) have suggested that STAT5B regulates ovary 
development and sexual maturation. Moreover, in another study, STAT5B knock-out mice 
had no breast development or lactation (Udy et al., 1997). Dopamine is a neurotransmitter 
synthesized in the central nervous system (CNS) and involved in the regulation of numerous 
physiological processes, including endocrine and reproduction processes in humans 
(Beaulieu et al., 2011). Sartsoongnoen et al. (2008) reported that dopamine might influence 
the regulation of the reproductive system in Thai chickens. Also, in birds, dopamine 
inhibited the secretion of vasoactive intestinal peptide (VIP) and prolactin in the pituitary 
gland, thereby influencing reproductive traits in birds (Youngren et al., 1998). The bone 
morphogenetic protein 15 (BMP15) is one of the members of the transforming growth 
factors -β (TGF-β) that are involved in numerous development processes (Chang et al., 
2002). A gene knockout experiment in mice confirmed that the animals are fertile, albeit 
with a change in folliculogenesis (Yan et al., 2001). Moreover, BMP15 is associated with 
increased ovulation rate, litter size and sterility in sheep and goats (Javanmard et al., 2011). 
In chickens, Han et al. (2015) have reported that BMP15 influences ovary development and 
sexual maturation (Han et al., 2015). Melatonin is an indole hormone that is synthesized 
from serotonin in the pineal gland and regulates biological functions through three different 
receptors subtypes - MTNR1A, MTNR1B and MTNR1C. The different melatonin receptor 
subtype transcripts are characterized in domestic chickens and are equivalent to the 
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melatonin receptors in the brain; expression suggests that it influences the reproduction of 
domestic chickens (Sundaresan et al., 2009). In birds, melatonin also regulates 
neuroendocrine functions, feeding patterns, circadian rhythms and hibernation (Ayre et al., 
1992; Adachi et al., 2002). Melatonin is also present in ovarian follicular fluid, suggesting 
an ovarian function (Li et al., 2013).  

In this context, the objective of this study was to investigate the association between 
candidate genes and phenotypes and determine estimated breeding values of growth and 
reproductive traits in Thai Pradu Hang Dam (PD) and Chee (CH) chickens. 

MATERIAL AND METHODS 

Ethical consideration 
 
This study was approved by Institutional Animal Care and Use Committee 

(IACUC) reference number, Khon Kaen University, Khon Kaeen, 4002, Thailand.  

Sample and phenotypic traits 
 
The traits recorded for this study were body weight of the hens at 14 weeks 

(BW14), body weight at age at first egg (BWAFE), BW300 (body weight at 300 days), egg 
weight at age of first egg (EWAFE), egg weight at 270 days (EW270), egg weight at 300 
days (EW300), age at first egg (AFE), egg number at 270 days (EN270) and egg number at 
300 days (EN300). The chickens were provided by the Research and Development Network 
Centre for Animal Breeding (NCAB) (Native Chicken) at Khon Kaen University, Khon 
Kaen 40002, Thailand. The chickens were reared in separate cages; water and commercial 
standard ration were provided ad libitum. At 300 days, 1.5 mL of blood were collected from 
the wing vein from a random sample of 93 Pradu Hang Dam (PD) and and 95 Chee (CH) 
chickens; 100 µL of ethylenediaminetetraacetic acid (EDTA) was used as an anticoagulant.  

Genotyping by PCR-RFLP 
 
Genotyping was performed via PCR-Restriction Fragment Length Polymorphism 

(PCR-RFLP). The DNA was extracted using a modified form of guanidine hydrochloride, 
as described by Goodwin et al. (2011). The DNA fragments were amplified by PCR using a 
mixture with a total volume of 10 µL, containing 1 µL 100 ng of genomic DNA, 1 µL of 1 
mM dNTPs (Promega, USA), 1 µL of 10X PCR buffer, 1 µL 3 mM of forward and reverse 
primer, 0.1 µL 5U DNA polymerase (RBC Bioscience, Taiwan) and deionized water. The 
characteristics of the primers for STAT5B (Ou et al., 2009; Sadeghi et al., 2012), DRD2 
(Xu et al., 2011), BMP15 (Huang et al., 2015) and MTNR1C (Li et al., 2013) are shown in 
Table 1. The PCR conditions were as follows: initial denaturation at 95˚C for 5 min, 30 
cycles of denaturation at 95˚C for 45 s, annealing temperature for 30 s (Table 1), extension 
for 45 s, final extension at 72˚C for 5 min, followed by a cooling period of 1 min at 25˚C. 
The PCR products were detected via electrophoresis, using 2% agarose gel and a SynGene 
photography system (SynGene, UK). Restriction digestion was performed using 6.8 µL of 
deionized water, 1 µL 10X tango buffer, 0.2 µL of restriction enzymes (Table 1) and 2 µL 
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of the PCR products. The fragments were separated using 2% agarose gel electrophoresis, 
and the genotypes were identified using a gel documentation system (SynGene, UK).  

 
 

Table 1. Summary of genes, primers, annealing temperatures and enzymes used for PCR-RFLP of Thai 
Pradu Hang Dam (PD) and Chee (CH) chicken blood samples. 
 

Genes Primer 5’-3’ Ta (˚C) PCR Size (bp) Enzyme 

STAT5B F: TGGAGCTACTGGCATCTCTCA 
R: TGCTGCAGTTGCTGTGGTCT 68 514 HhaI 

DRD2 F: TGCACATAAAAGCCCACTCACTG  
R: GCCTGAGCTGGTGGGGGG 68 248 BSeGI 

BMP15 F: GGGTTTTAGCCCTGATCTTGCACTC 
R: ATCACCCATTGCCACCACCTTACCT 68 517 Alw21I 

MTNR1C F: GGTGTATCCGTATCCTCTAA  
R: GACAGTGGGACAATGAAGT 60 386 MboI 

Ta – annealing temperature 

Statistical analysis 
 
Gene and genotype frequencies were calculated according to Falconer et al. (1996). 

The chi-square goodness of fit was used to test for Hardy Weinberg equilibrium, using the 
software package SAS 9.2 (SAS Institute Inc., Cary, NC, USA). Breeding values were 
estimated using Best Linear Unbiased Prediction (BLUP) with a single trait 

 

 푦 = 푋훽 + 푍푎 + 	휀																																																									(Eq.1)     
                                                                                           

where y = vector of observed values, β = vector of fixed effect of hatch and age at first egg 
(AFE), a = vector of additive gene effect of each animal, ε = Error. The variables X and Z 
are incidence matrices relating the observations to the respective fixed and direct genetic 
effects, respectively. Marker-trait association was performed using the following general 
linear model (GLM) of SAS 9.2 (SAS Institute Inc., Cary, NC, USA): 
 

 푌 = 휇 + 퐺 + 퐻 + 푒                                             (Eq. 2) 
 

where Yij is the estimated breeding value of different production traits, μ is the overall 
population mean, Gi is the effect of each genotype, Hk is the fixed effect of the hatch and eij 
is the residual error. Type III sum of square was used for the F-test, and Tukey-Kramer’s 
multiple range tests was used to test the significant differences in least square means; a p 
value of ≤ 0.05 was considered statistically significant. 

RESULTS  

Genotyping by PCR-RFLP and genotype frequencies 
 
The restriction fragments of SNP C4535156T STAT5B for C and T alleles were 

411/102 bp and 513 bp. For DRD2, the alleles C and T had fragment sizes of 248 bp and 
196 bp, for SNP C231T of BMP15 had fragment lengths of C and T alleles at 271/170 bp 
and 347/170 bp, and for MTNR1C, the alleles A and G had fragment lengths of 372 bp and 
333 bp, respectively. The gene frequencies in both Pradu Hang Dam and Chee chickens 
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deviated from the Hardy-Weinberg equilibrium, except for DRD2 (Table 2). Allele 
frequencies of less than 2% were excluded from further analysis. 

 
 

Table 2. Genotype and allele frequencies of STAT5B, DRD2, BMP15 and MTNR1C in Pradu Hang Dam 
(PD) and Chee (CH) chickens. 
 

Genes Genotype Frequency (N) χ2 
PD CH Alleles PD CH PD CH 

STAT5B 
CC 0.83 (77) 0.36 (34) C 0.89 0.57 165.71* 006.07* 
CT 0.11 (10) 0.41 (39) T 0.11 0.43 - - 
TT 0.06 (6) 0.23 (22) - - - - - 

DRD2 
CC 0.24 (22) 0.72 (68) C 0.50 0.85 00.1 113.97* 
TC 0.51 (47) 0.27 (26) T 0.50 0.15 - - 
TT 0.26 (24) 0.01 (1) - - - - - 

BMP15 
CC 0.03 (3) 0.98 (93) C 0.31 0.99 029.97* 269.23* 
CT 0.54 (50) 0.01 (1) T 0.69 0.01 - - 
TT 0.43 (40) 0.01 (1) - - - - - 

MTNR1C 
AA 0.06 (6) 0.07 (7) A 0.27 0.20 045.52* 091.65* 
AG 0.40 (37) 0.25 (24) G 0.73 0.80 - - 
GG 0.54 (50) 0.67 (64) - - - - - 

* Significant deviation of the gene and genotype frequency from Hardy-Weinberg Equilibrium at P < 0.05. 

Association of candidate genes with estimated breeding values of production 
traits (EBV data) 

 
The descriptive statistics of the data used in the study is presented in Table 3. The 

average body weight at 300 days for CH chickens was 1,772.32 ± 163.51 grams whereas for 
PD, it was 2071.4 ± 243.48 grams. The PD were heavier than CH chickens. Moreover, the 
egg weight at 300 days (EW300) was higher in PD than CH at 47.08 ± 4.24 and 43.00 ± 
3.88 grams, respectively. However, the first egg was produced by CH earlier (187 days) 
than by PD (207 days). Subsequently, at 300 days a greater number of eggs were produced 
by CH than PD, producing 70.52 ± 17.04 and 65.39 ± 13.99 eggs, respectively. 

 For Thai Pradu Hang Dam chickens, the association between estimated breeding 
values of egg production traits and candidate gene is presented in Table 4.  

 
 

Table 3. Descriptive statistics of data used in the association study of Pradu Hang Dam (PD) and Chee 
(CH) chicken genes, presented as mean and standard deviation. 
 

Breed/Traits Mean SD Min Max Breed/Traits Mean SD Min Max 
CH n = 95 PD n = 93 
BW14 0 925.68 082.06 0 760  1230 BW14 1,112.47 096.65 0 910  1350 
BWAFE 1,681.58 135.95 1,350 2,130 BWAFE 2,058.39 222.48 1,600 2,600 
BW300 1,772.32 163.51 1,450 2,250 BW300  2071.4 243.48 1,600 2,900 
EWAFE 00 35.49 003.31 00 23 00 42 EWAFE 00 41.33 003.70 00 31 00 49 
EW270 00 40.72 002.74 00 33 00 47 EW270 00 44.49 003.71 00 36 00 56 
EW300 00 43.00 003.88 00 36 00 51 EW300 00 47.08 004.24 00 38 00 61 
AFE 0 187.96 016.08 0 154 0 229 AFE 0 207.33 017.60 0 158 0 260 
EN270 00 53.97 014.29 00 24 00 96 EN270 00 46.33 012.68 00 09 00 88 
EN300 00 70.52 017.04 00 24 0 118 EN300 00 65.39 013.99 00 28 0 109 

SD Standard deviation, BW14, body weight in grams at 14 weeks, BWAFE, body weight in grams at age at first egg, 
BW300, body weight in grams at 300 days, EWAFE, egg weight in grams at age at first egg, EW270, egg weight in 
grams at 270 days, EW300, egg weight in grams at 300 days, AFE, age at first egg, EN270, egg number at 270 days, 
EN300, egg number at 300 days. 
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Table 4. Association of STAT5B, DRD2, BMP15 and MTNR1C with estimated breeding values of egg 
production traits in Pradu Hang Dam (PD) and Chee (CH) chickens. 
 

Breed/Genes Genotype EWAFE (g) EW270 (g) EW300 (g) EN270 (count) EN300 (count) 
PD       

 CC -0.01 ± 0.01 -0.23 ± 0.52 -0.02 ± 0.05 -0.21 ± 0.90 -0.35 ± 0.78 
STAT5B CT -0.01 ± 0.02 -0.02 ± 0.96 -0.08 ± 0.10 -0.64 ± 1.64 -0.56 ± 1.45 

 TT -0.03 ± 0.03 -0.41 ± 1.20 -0.17 ± 0.12 -0.66 ± 2.10 -1.51 ± 1.83 
DRD2 CC -0.04 ± 0.02a -0.54 ± 0.85 -0.09 ± 0.09 -0.56 ± 1.48 -1.14 ± 1.29 

 TC -0.00 ± 0.02b -0.76 ± 0.64 -0.01 ± 0.06 -0.82 ± 1.11 -0.82 ± 0.97 

 TT -0.00 ± 0.02b -0.37 ± 0.83 -0.17 ± 0.08 -0.28 ± 1.45 -0.47 ± 1.26 
BMP15 CC -0.03 ± 0.04 -0.84 ± 1.47 -0.31 ± 0.15a -0.65 ± 2.56 -2.58 ± 2.23 

 CT -0.01 ± 0.02 -0.20 ± 0.63 -0.06 ± 0.06ab -0.61 ± 1.11 -0.37 ± 0.96 

 TT -0.00 ± 0.01 -0.88 ± 0.57 -0.10 ± 0.06c -0.16 ± 0.99 -0.53 ± 0.86 
MTNR1C AA -0.00 ± 0.02 -1.53 ± 1.00 -0.11 ± 0.10a -0.08 ± 1.75 -0.13 ± 1.51 

 AG -0.02 ± 0.02 -0.64 ± 0.75 -0.18 ± 0.08b -0.74 ± 1.32 -1.51 ± 1.14 

 GG -0.02 ± 0.02 -1.05 ± 0.83 -0.20 ± 0.08b -0.28 ± 1.46 -1.04 ± 1.26 
CH       
STAT5B CC -0.00 ± 0.00 -0.22 ± 0.14 -0.32 ± 0.30 -0.00 ± 0.00 -0.00 ± 0.00 
 CT -0.00 ± 0.00 -0.08 ± 0.14 -0.09 ± 0.30 -0.00 ± 0.00 -0.00 ± 0.00 
 TT -0.00 ± 0.00 -0.04 ± 0.17 -0.03 ± 0.35 -0.00 ± 0.00 -0.00 ± 0.00 
MTNR1C AA -0.00 ± 0.00 -0.12 ± 0.27 -0.25 ± 0.57 -0.00 ± 0.00 -0.01 ± 0.00a 
 AG -0.00 ± 0.00 -0.07 ± 0.15 -0.10 ± 0.32 -0.00 ± 0.00 -0.00 ± 0.00b 
 GG -0.00 ± 0.00 -0.04 ± 0.09 -0.12 ± 0.19 -0.00 ± 0.00 -0.00 ± 0.00b 

Egg weight at age at first egg, EW270, egg weight at 270 days, EW300, egg weight at 300 days, EN270, egg number at 
270 days, EN300 , egg number at 300 days; values with different letters within the same column are significantly 
different at P < 0.05. 

 
The DRD2 showed a significant association between estimated breeding value at egg 

weight at the age at first egg (EWAFE) (P < 0.05), while MTNR1C and BMP15 showed a 
significant association between the estimated breeding value of egg weight at 300 days (EW300) 
(P < 0.05). Further, there was a significant association between the estimated breeding value 
(EBV) of body weight (BW300) days and BMP15 (P < 0.05) (Table 5). 

 
 

Table 5. Association of estimated breeding values of growth traits and genes in Pradu Hang Dam (PD) and 
Chee (CH) chickens. 
 

Breed/Genes Genotype BW14 (g) BWAFE (g) BW300 (g) 
PD     

 CC 01.23 ± 4.20 -0.02 ± 0.09  0-0.12 ± 0.20 
STAT5B CT 04.81 ± 7.82 -0.02 ± 0.17 0-0.07 ± 0.37 

 TT 12.43 ± 9.81 -0.22 ± 0.21 0-0.17 ± 0.12 
DRD2 CC 02.07 ± 6.93 -0.06 ± 0.15 0-0.38 ± 0.33  

 TC 10.46 ± 5.19  -0.06 ± 0.11 0-0.42 ± 0.24 

 TT 05.93 ± 6.77 -0.10 ± l0.15 0-0.56 ± 0.32 
BMP15 CC 05.27 ± 11.97 -0.39 ±0.26 0-1.29 ± 0.56a 

 CT 07.36 ± 5.18 -0.07 ± 0.11 0-0.21 ± 0.24b 

 TT 05.83 ± 4.63 -0.10 ± 0.10 0-0.15 ± 0.22b 
MTNR1C AA 09.52 ± 8.15 -0.16 ± 0.18 0-0.14 ± 0.38 

 AG 02.48 ± 6.15 -0.19 ± 0.13 0-0.70 ± 0.29 

 GG 06.46 ± 6.80 -0.19 ± 0.14 0-0.79 ± 0.32 
CH     
STAT5B CC 00.02 ± 0.02 -0.98 ± 7.32 0-4.55 ± 14.49 
 CT 00.02 ± 0.02 -3.38 ± 7.18 0-3.45 ± 14.23 
 TT 00.05 ± 0.02 -9.88 ± 8.44 0-3.03 ± 16.73 
MTNR1C AA 00.07 ± 0.04 -7.53 ± 13.62 -15.15 ± 26.98 
 AG 00.01 ± 0.02 -0.72 ± 7.60 0-9.17 ± 15.05 
 GG 00.01 ± 0.01 -4.03 ± 4.58 -0 5.05 ± 9.08 

Body weight at 14 weeks, BWAFE, body weight at age at first egg, BW270, body weight at 270 days, BW300, body 
weight at 300 days. Values with different letters within the same column are significantly different at P < 0.05. 
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However, there was no association between breeding values of egg production 
traits with STAT5B (Table 4), and no other genes were associated with growth traits (P 
< 0.05; Table 5). In Chee chickens, we observed a significant association of MTNR1C 
with estimated breeding values of egg number at 300 days (P < 0.05; Table 4). 
However, there was no association between EBV of egg production traits and STAT5B. 
In addition, there was no significant association with the EBVs of growth traits with 
STAT5B and MTNR1C genes (Table 5).  

Association of candidate genes with growth and reproductive traits 
(phenotypic data) 

 
In Pradu Hang Dam chickens, BMP15 was significantly associated with egg 

weight at 270 days (EW270), while MTNR1C showed a significant association with 
egg number at 270 and 300 days (P < 0.05; Table 6). 

 
 

Table 6. Association of STAT5B, DRD2, BMP15 and MTNR1C with egg production traits in Pradu Hang 
Dam (PD) and Chee (CH) chickens. 
 

Breed/Traits Genotype EWAFE (g) EW270 (g) EW300 (g) EN270 (count) EN300 (count) 
PD       
 CC 40.32 ± 0.76 43.79 ± 0.77 46.08 ± 0.90 49.60 ± 2.55 69.63 ± 2.86 

STAT5B CT 42.31 ±1.41 45.23 ± 1.43 47.81 ± 1.67 48.41 ± 4.74 68.23 ± 5.31 
TT 40.67 ± 1.78 43.01 ± 1.79 45.76 ± 2.09 44.70 ± 5.95 65.99 ± 6.67 

DRD2 
CC 42.12 ± 1.25 44.32 ± 1.26 46.05 ± 1.48 46.66 ± 4.20 67.40 ± 4.71 
TC 40.96 ± 0.94 43.82 ± 0.95 46.55 ± 1.11 50.21 ± 3.15 68.80 ± 3.53 
TT 40.23 ± 1.22 43.90 ± 1.23 47.05 ± 1.44 45.85 ± 4.10 67.65 ± 4.60 

BMP15 
CC 38.44 ± 2.17 41.17 ± 2.18a 44.71 ± 2.55 51.42 ± 7.25 72.20 ± 8.13 
CT 42.51 ± 0.94 45.63 ± 0.94b 44.97 ± 1.10 44.34 ± 3.14 65.10 ± 3.52 
TT 42.36 ± 0.84 45.23 ± 0.84b 46.97 ± 0.99 46.95 ± 2.80 66.55 ± 3.14 

MTNR1C 
AA 41.85 ± 1.47 45.42 ± 1.49 46.60 ± 1.74 50.85 ± 4.94a 72.29 ± 5.54a 
AG 40.83 ± 1.11 43.59 ± 1.12 46.52 ± 1.31 49.62 ± 3.73a 69.65 ± 4.18a 
GG 40.63 ± 1.23 43.03 ± 1.24 45.53 ± 1.45 42.25 ± 4.12b 61.91 ± 4.62b 

CH       
STAT5B CC 35.85 ± 0.67 41.01 ± 0.55a 43.45 ± 0.79 49.33 ±2.91 66.65 ± 3.50 
 CT 35.52 ± 0.66 39.97 ± 0.54a 42.57 ± 0.78 52.18 ± 2.86 68.93 ± 3.44 
 TT 36.60 ± 0.78 41.53 ± 0.63b 44.16 ± 0.91 53.61 ± 3.36 69.57 ± 4.04 
MTNR1C AA 36.34 ± 1.25 40.47 ± 1.02 43.46 ± 1.47 46.30 ± 5.42 63.83 ± 6.52 
 AG 36.42 ± 0.70 41.32 ± 0.57 43.89 ± 0.82 53.52 ± 3.02 69.51 ± 3.64 
 GG 35.21 ± 0.42 40.71 ± 0.34 42.82 ± 0.50 55.29 ± 1.82 71.80 ± 2.20 

Egg weight at age at first egg, EW270 , egg weight at 270 days, EW300 , egg weight at 300, EN270 , egg number at 270 
days, EN300 , egg number at 300 days; values with different letters within one column are significant at P < 0.05. 

 
There was no significant association between candidate genes and body weight 

in Pradu Hang Dam chickens (Table 7).  
However, in Chee chickens, a statistically significant association was found 

between STAT5B and egg weight 270 (EW270) days (P < 0.05; Table 6). However, 
there was no significant association with MTNR1C and egg production traits (Table 6). 
Also, we observed no association with candidate genes and growth traits (Table 7). 
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Table 7. Association of STAT5B, DRD2, BMP15 and MTNR1C with growth traits of Thai Pradu Hang 
Dam (PD) and Chee (CH) chickens. 
 

Breed/Genes Genotype BW14 (g) BWAFE (g) BW300 (g) 
PD     

STAT5B 
CC 1,110.95 ± 20.39 2,031.07 ± 46.18 2,039.78 ± 49.94 
CT 1,106.67 ± 37.92 2,019.26 ± 85.91 1,992.54 ± 92.90 
TT 1,184.99 ± 47.60 2,123.55 ± 107.85 2,234.25 ± 116.63 

DRD2 
CC 1,132.18 ± 33.62 2,026.51 ± 76.17 2,048.43 ± 82.37 
TC 1,140.73 ± 25.19 2,029.39 ± 57.06 2,068.54 ± 61.71 
TT 1,129.70 ± 32.83 2,117.99 ± 74.37 2,149.61 ± 80.43 

BMP15 
CC 1,133.95 ± 58.06 1,942.10 ± 131.54 1,975.68 ± 142.24 
CT 1,139.70 ± 25.11 2,114.56 ± 56.89 2,144.73 ± 61.52 
TT 1,128.95 ± 22.44 2,117.22 ± 50.84 2,146.16 ± 54.97 

MTNR1C 
AA 1,144.17 ± 39.54 2,113/85 ± 89.59 2,140.96 ± 96.88 
AG 1,139.78 ± 29.85 2,028.79 ± 67.64 2,074.18 ± 73.14 
GG 1,118.66 ± 32.99 2,031.24 ± 74.74 2,051.43 ± 80.82 

CH     
TAT5B CC  0901.23 ± 16 53 1,690.75 ± 27.85 1,782.57 ± 33.41 
 CT 0 938.72 ± 16.23 1,668.15 ± 27.34 1,754.62 ± 32.80 
 TT 0 929.37 ± 19.08 1,717.42 ± 32.14 1,826.52 ± 38.56 
MTNR1C AA 0 927.68 ± 30.78 1,716.38 ± 51.84 1,810.20 ± 62.19 
 AG 0 910.55 ± 17.17 1,671.91 ± 28.92 1,777.40 ± 34.69 
 GG 0 931.10 ± 10.36 1,688.01 ± 17.45 1,776.10 ± 20.93 

Body weight (g) of hens at 14 weeks, BWAFE, body weight (g) of hens at age at first egg, BW300 , body weight of hens 
at 300 days. 

DISCUSSION 
 
Indigenous chickens of Thailand such as Chee and Pradu Hang Dam are descended 

from same ancestor and are closely related to Red Jungle Fowl (Mekchay et al., 2014) and 
are distinct from commercial lines - Chee is similar to layers and Pradu Hang Dam is related 
to broilers. Therefore, Chee and Pradu Hang Dam could be promoted for meat and egg 
purpose, respectively (Dorji et al., 2011). Similarly, this study found that Chee produces 
greater cumulative egg number than Pradu Hang Dam at 300 days. Therefore, Chee could 
be promoted for egg while Pradu Hang Dam is better suited for meat production as it attains 
better growth and weight at 300 days. Therefore, these two breeds are uniquely suited for 
egg and meat production in Thailand and these indigenous chickens can considerably 
contribute to egg and meat production. However, they produce lesseggs compared to 
commercial breeds selected for persistent and high laying rates (Xu et al., 2010). Moreover, 
their body weight is also low compared to that of commercial breeds (Jaturasitha et al., 
2008). However, eggs and meat from native chickens are preferred and more expensive than 
those from commercial ones (Li et al., 2013). Moreover, meat of indigenous chicken is 
flavorful and tastier after cooking too. In addition, indigenous chickens can be raised 
relatively at lower cost where the birds can scavenge in the yard. However, they have lower 
growth rate than commercial broilers (Wattanachant et al., 2004). Thus, the improvement of 
egg productivity and growth rates is an important component of the selection of chickens 
for breeding programs (Jaturasitha et al., 2008; Venturini et al., 2013). In this study, 
production traits and estimated breeding values were used to analyze the marker-trait 
associations in Chee and Pradu Hang Dam chickens. Estimated breeding values can be used 
when adjusting for environmental and non-additive genetic effects in evaluating genes for 
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more accurate selection (Sadeghi et al., 2012). In Pradu Hang Dam chickens, allele and 
genotype frequencies deviated significantly from Hardy-Weinberg equilibrium (P < 0.05) 
except for DRD2 (P < 0.05), while for Chee chickens, all the genes studied deviated from 
the Hardy-Weinberg equilibrium (P < 0.05). The disequilibrium may be due to selective 
breeding, which had been carried out for nine generations.  

Phenotypic traits such as egg production and growth traits are controlled by 
polygenes (Niknafs et al., 2014). STAT5B is activated by differentiation-dependent 
transcriptional regulation of distinct cytokine signaling pathway components and mediated 
distinct cytokine signaling pathway components and mediated distinct functional processes 
in the rat ovary for early follicle growth, atresia and luteinization (Russell et al., 1996; 
Dajee et al., 1998). They are significant modulators of growth hormone, growth hormone 
receptor, insulin like growth factor and prolactin and found to be related with growth and 
reproductive traits. In this study, a significant association was found between egg weight at 
270 days with STAT5B, with the T allele having a higher egg weight than the C allele. This 
was similar to a significant association previously found between STAT5B and growth and 
reproductive traits (Ou et al., 2009; Sadeghi et al., 2012).  

Dopamine is neurotransmitter and relates to catecholamines family and transmits 
impulses between neurons. Their activation happens through dopaminergic receptors, which 
play an important role in in the regulation of avian physiological and reproductive function 
(Sartsoongnoen et al., 2008). We found in Pradu Hang Dam chickens that DRD2 was 
associated with egg weight at first egg (EWAFE), with TC and TT genotypes having higher 
breeding values than the CC genotype (Table 4). In a similar study, Xu et al. (2011) found a 
significant association with DRD2 T5841629C SNP and AFE. However, we found no 
association with growth traits. 

BMP15 is a critical factor for normal fertility in female mammals (Fortune, 2003) 
and it is involved in folliculogenesis and ovary development (Laissue et al., 2006). In 
chickens, in study, it was expressed higher in ovarian tissues and ovarian follicular growth 
and development and recruit primordial follicles (Han et al., 2015). We found that BMP15 
was associated with the estimated breeding values of egg weight at 300 days (EW300) as 
well as body weight at 300 days (BW300). Its TT genotype had the highest breeding value 
for egg weight compared to the other genotypes, while the TT genotype had the highest 
breeding value for body weight. Huang et al. (2015) reported that the SNP at C34T 
significantly influenced age at first egg (AFE), egg number and body weight at first egg 
(BWAFE), while SNP C231T influenced AFE. Also, BMP15 influences sexual maturation 
and ovary development (Huang et al., 2015). 

Melatonin regulates ovarian function through activation of multiple receptors and 
signaling pathways on different target cell types especially theca and granulosa cells (Wang 
et al., 2008). The binding site in the chicken ovary is located in the follicular cell layer 
(Ayre et al., 1992). Sundaresan et al. (2009) described the partial sequences of ovarian 
melatonin receptors subtypes that had identical profiles with receptors in neural tissues and 
MTNR1C was found in thecal and granulosa cell layers. These findings suggested that it 
has downstream cellular function in ovarian tissues. Moreover, we found in Pradu Hang 
Dam, that the SNP JQ249896:g.294G>A of MTNR1C was associated with breeding values 
of EW300. Its AA genotype had higher breeding values than the genotypes AG and GG (P 
< 0.05). In addition, in Chee chickens, the SNP JQ249896:g.294G>A of MTNR1C was 
associated with estimated breeding values of egg number at 300 days, and the AA genotype 
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had higher estimated breeding values for egg number than the other genotypes. This study 
supports the findings of an earlier study that also characterized ovarian melatonin receptors 
in chickens, and their expression showed that it influences reproduction and may serve as a 
genetic marker (Li et al., 2013). Moreover, in Pradu Hang Dam chickens, MTNR1C as 
significantly associated with egg number at 270 and 300 days for its phenotypic data. This 
tentative association shows that allele A results in higher egg production in Thai Pradu 
Hang Dam chickens than allele G. Therefore, we confirm that MTNR1C might be used as 
genetic marker for improving egg production. 

These findings indicate that we may use DRD2, BMP15 and MTNR1C for better 
reproductive and growth performance in Pradu Hang Dam chickens for a balanced 
selection, whereas in Chee chickens, we may use MTNR1C to increase egg number. 
Numerous authors have studied the association of candidate genes with production traits in 
domestic animals (Rothschild et al., 2000; Cui et al., 2006; Zhang et al., 2018). For 
example, Cui et al. (2006) found a significant association with the 24-bp indel of prolactin 
with egg production. A similar study in Pradu Hang Dam chickens by Charoensin (2012) 
found a significant association between 5FA-PRL, 24BP-PRL VIPR1 and estimated 
breeding values of egg production traits. However, in Chee chickens, that author found no 
association with the genetic markers and reproductive traits (Charoensin, 2012). This study 
supplements earlier studies on the selection of chickens for earlier reproduction and better 
production. In Thai broilers, cGH and IGF-1 were studied for an association with growth 
performance and carcass traits and significantly affected growth performance (Anh et al., 
2015). Therefore, these functional candidate genes are useful in finding a genetic basis for 
production traits in domestic animals.  

We investigated STAT5B, DRD2, BMP15 and MTNR1C in terms of associations 
with phenotypic and estimated breeding values of growth and reproductive traits in Thai 
Pradu Hang Dam and Chee chickens. Based on our results, DRD2, BMP15 and MTNR1C 
may be used as genetic markers for a balanced selection, based on the promising 
associations between those genes and production traits in Pradu Hang Dam chickens. 
Similarly, MTNR1C may be used as a genetic marker for improving egg production in Chee 
chickens. Further studies are needed on native chickens of the Southeast Asian region, as 
the chickens were shown to be related to Thai native Chickens, which originated from Red 
Jungle Fowl. 
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