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Summary

The PRD1-BF1-RIZ1 homologous domain containing 16 (PRDM16) and POU class
1 homeobox 1 (POU1F1) genes play important roles in growth and thus the development
of poultry and livestock species. The objective of this study is to identified the single
nucleotide polymorphisms in POU1F1, PRDM16 genes and investigate the single and
combined genotype associations with 12 meat quality traits and eight blood serum clinical-
chemical traits in chicken. In this study, we identified two SNPs, g.11,041C>T and
g.182491A>G, respectively, in POU1F1 and PRDM16 genes and genotyped in 585 F1
birds from five lines of Korean native chickens using PCR-RFLP and fluidigm SNP
genotyping methods respectively. Three genotypes of g.11,041C>T in POU1F1 and two
genotypes for g.182491A>G (AA, AG) in PRDM16 were reported. The association results
showed that the combined effect of POU1F1 and PRDM16 genes were not significant
except for thigh pH_1. Single SNP association results indicated that the two SNPs were
associated with meat quality and serum clinical-chemical traits. Particularly,
POU1F1(g.11,041C>T) was significant for GPT level. Whereas, PRDM16 (g.182491A>G)
was significantly associated with high density lipoprotein cholesterol level and total
cholesterol level, and breast pH_1in Korean native chicken (P<0.05). Therefore, the
variation identified in genes POU1F1 and PRDM16 are important for future use in
identifying chicken with genetic potential for better meat quality and clinical traits,
especially in the targeted population of Korean native chicken.

Keywords: POU1F1 gene, PRDM16 gene, association, meat quality,

mailto:junheon@cnu.ac.kr%20(corresponding
mailto:junheon@cnu.ac.kr%20(corresponding
mailto:junheon@cnu.ac.kr%20(corresponding


Proceeding of the World Congress on Genetics Applied to Livestock Production, 11. 407

Introduction

The variation observed in economically important traits in livestock are under the control of
polygenic effects and some cases due to pleiotropic and environment effects. In attempting to
explain the genetic variation observed in such economical traits, the candidate gene approach
was used and applied in animal breeding based on the assumption that a gene involved in the
physiology of the trait could harbor a mutation causing variation in that trait (Ben Hayes,
2011). Therefore, identified the candidate gene(s), which have pronounced effect in variation
of meat quality and blood metabolites traits will support to improve the meat quality traits in
native chickens.

POU1FI is a pituitary-specific POU-domain DNA binding factor, which binds to and
trans-activates promoters of growth hormone-(GH), prolactin-(PRL) and thyroid stimulating
hormone-beta-(TSHβ) encoding genes and itself. In chicken, this gene is located on
chromosome 1 and play an important role in controlling growth in chicken (Nie at al., 2008).
Polymorphism in this gene may control the aforementioned hormonal expression. Therefore,
it could affect metabolic activity and skeletal muscle development of chicken. However, the
effect of this gene on meat quality and serum clinical-chemical traits remains unclear.

The PRD1-BF1-RIZ1 homologous domain containing 16 gene (PRDM16) is a
member of the PRDM family. The chicken PRDM16 gene resides on chromosome 21 and is
composed of 11 exons (locus NC_006108) (Hillier et al., 2004). This gene act as a
transcriptional co-regulator, which stimulates brown fat–selective genes. A great deal of
interest has been generated by the ability of PRDM16 to control the switch between skeletal
muscle and brown adipose tissue (BAT) in mice (Seale et al., 2008). Although, several
reports on PRDM16 gene polymorphism has been reported for many species including
human, pig and chicken, the studies related to PRDM16 gene in livestock were limited,
particularly, with respect to detection of single nucleotide polymorphisms (SNPs) and their
associations with meat quality traits in poultry. It is therefore of interest to examine the
functional role of the POU1F1 and PRDM16 gene and their interaction in meat quality traits
in chicken.

Though they do not belong to the same functional pathway, both genes have been
studied as candidate genes for growth and meat quality traits in livestock. We identified the
genetic variations in the POU1F1 and PRDM16 genes and analyzed the relationships
between genetic variations and meat quality & serum clinical-chemical traits in the chicken.

Materials and methods

Sampling and DNA extraction

A total of 585 chicken from F1 generation representing Gray-brown (G =110), Black (L=88
Red-brown (R=135), White (W=122) and Yellow-brown (Y=130) lines and 83 F0 birds of
these Korean native chicken lines (15 sires & 68 Dams) were included in the study. All the
birds were obtained and nurtured under the same feeding and environment system
implemented by National institute of animal science (NIAS) in Korea. This study was
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performed in accordance with “The Guide for the Care and Use of Laboratory Animals”
published by the institutional animal care and use committee of the national institute of
animal science (2012–C–037) in the republic of Korea. Eight blood serum clinical-chemical
traits and twelve meat quality traits measured and described in a previous study for this
population were included (Jung et al., 2015). Whole blood samples were collected from the

birds using EDTA–containing tubes and stored at -20˚C until DNA extraction was initiate.

Genomic DNA was extracted using standard manual procedure and concentration measured
using a NanoDrop® 2000C spectrophotometer (Thermo Scientific, USA).

PCR-RFLP and genotyping method

The coding region 9 of PRDM16 and coding region 5 of POU1F1 gene were screened to
identify the SNPs based on previous reports of Han et al. (2011) and Nie at al. (2008),
respectively. These SNP variations in KNC populations were identified via the filtering of
KNC SNP annotation information from next generation sequence data. A pair of primers
designed for POU1F1 SNP based on published sequenced in NCBI (NC006088.4). The SNP
in exon 9 of PRDM16 gene was analyzed by following protocol of Fluidigm® 192.24
SNPtypeTM Genotyping Technology (Fluidigm, USA).

PCR reaction for POU1F1 was performed in 20 µL of reaction volume contained 50
ng genomic DNA, 1.6 µL dNTPs, 0.2 U Taq DNA polymerase (Genetbio. Inc, Korea). 2 µL
of prime PCR buffer mix (Genetbio. Inc, Korea), 0.8 µL of each primer and 12.6 µL distilled
water. An initial 10 min denaturation at 94oC followed by 35 cycles with the following
conditions: 30s at 94oC, 30s at aneling temperature of 63oC, 30 s at 72oC, and 10 min
extension at 72oC. PCR products were analyzed by 2.0 % agarose gel electrophoresis.
Digestion of POU1F1 PCR products with BspHI restriction enzyme was performed in a 15
µL of reaction solution contained 10 µL PCR product and master mix following
manufacturer’s directions (New England Biolabs, Ipswich, MA, USA) and other conditions
(Table 1). RFLP products was electrophoretically separated and genotyped using 3.0 %
agarose gel.

Statistical interference

Descriptive analysis was carried out in MINITAB version 15 (MINITAB Inc., USA). Gene
frequencies were determined for each line and total population by direct counting method
according to the Falcon and Mackay (1996). Hardy– Weinberg equilibrium and Chi-square
exact test were tested using a ‘Hardy-Weinberg’ package built under R version 3.2.5
(Graffelman, 2015). Association analysis were conducted using linear model procedure in
“genetics” package implemented in R and general linear model (GLM) procedure in
MINITAB version 15. The following two models were used to identify relationship of single
SNP effect and their interaction. The Model (1) was used to association between phenotypes
and genotypes of five chicken lines was performed based on mean adjusted performance of
progeny of pooled KNC lines.

Yijklmnop = μ + Si+ Lj+ Bk+ FTl + Sirm(line)+ Damn (line, Sire) + Mo + Pp + MPop + Eijklmnop (1)

Where Yijklmnop was the trait measured on each of the jth animal. μ was the overall population
mean. Si was fixed effect due to the ith sex, Lj was fixed effect due to the jth line, Bk was fixed
effect due to the batch (k = 2), and FTl was the fixed effect of fasting time, Sirm(line)was the
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fixed effect of mth sire nested in jth line. Damn (line, Sire) was the effect of nth dams nested in jth

line and mth sire in the population. Mo was the fixed effect associated with oth genotype of
PRDM16 gene. Pp was the fixed effect associated with pth genotype of POU1F1 gene and
MPop was combine effect between the oth genotype of PRDM16 and the pth genotype of
POU1F1. Eijklmnop was the random residual error. when the interaction between genes was not
significant, the following Model (2) without interaction component was used. Slaughter
weight was included as co-variates in both models.

Yijklmnop = μ + Si+ Lj+ Bk+ FTl+ Sirm(line)+ Damn (line, Sire)+ Mo + Pp + Eijklmnop

(2)

Results and Discussion

We identified the genetic variations in the POU1F1 and PRDM16 genes in KNC population

by DNA sequencing and PCR-RFLP and Fluidigm® 192.24 SNPtypeTM genotyping

technology respectively, and analyzed the relationships between SNPs, gene-gene interaction
and meat quality traits in the chicken.

Genotype and allele frequencies

The genotype and allele frequencies for g.11,041C>T and g.182491A>G were described in
Table 1. The two SNPs were considered for genotyping according to their position and
results of previous studies (Nie et al., 2008; Han et al.,2011) Three genotypes, CC, CT, and
TT were observed for g.182491A>G in POU1F1. Allele frequencies of C and T alleles were
0.91, 0.09, respectively. While, two genotypes were observed (named AA, AG)
g.182491A>G SNP in PRDM16 locus. The respective allele frequencies for A and G alleles
were 0.84 and 0.16. Both SNPs reported low polymorphic information content (PIC) values
and heterozygosity (Hu). Exact Chi-square test result shown that both SNPs in this
population were not in Hardy-Weinberg equilibrium. The combined genotypes and its
respective proportion are described in Table 2. The highest number of combined genotypes
was CC/ AG (321) where, the lowest combines genotype number and proportion was given
AG/TT (4) genotypes.

Association analysis

To investigate the effects of the polymorphisms, we analyzed the relationship of POU1F1,
PRDM16 genotypes with variation in meat quality traits and serum clinical-chemical traits in
KNC. Total of 12 meat quality traits and eight serum clinical-chemical traits were tested for
single gene effect and gene-gene interaction effect in association using general linear model
method. In this study we used linear regression model to estimate the allele effect. The linear
regression is a popular choice for modeling quantitative traits due to easy interpretation of
results and there is a well formulated mathematical theory underlying the method (Gilbert-
Diamond and Moore, 2011).

General linear mixed model in analysis of variance (ANOVA) results were
summarized in Table 3 & Table 4. All the traits were non-significant for gene–gene
interaction effect except for thigh _pH1. Therefore, Model (2) was used. The results of
Model (2) showed that, the glutamic-pyruvic transaminase (GPT) level was significant for
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g.11,041C>T SNP in POU1F1 gene. The CT heterozygous animals had highly significant
level of GPT compared with those with TT genotype (Table 3). Serum Glutamate-pyruvate
transaminase, also known as cytosolic alanine amino transaminase 1 (ALT1) catalyzes the
reversible transamination between alanine and 2-oxoglutarate to generate pyruvate and
glutamate, and therefore, plays a key role in the intermediary metabolism of glucose and
amino acids (NCBI). GPT worked as good biological marker of overall health, particularly in
the context of obesity in human (Kim et al., 2008). Durotoye et al. (2000) showed a
significant diurnal difference in GPT level in Nigerian village chicken under new
environment condition. In addition, if the animal have infection, the serum GOT and GPT
level elevate with severity of the infection (Mennella and Mendelli, 1977). Elaroussi et al.
(2008) noted that high level of serum GOT and GPT, when broiler chicken fed diet added
with 100-800 μg/kg ochratoxin A (OTA) supplements during 1-4 weeks. However, KNC
reported lower level of GPT and GOT compare to previous studies of Elaroussi et al. (2008).

The g.182491A>G SNP in PRDM16 gene was significantly associated with high-
density lipoprotein cholesterol (HDLc), Total cholesterol (TCho), breast pH_1. The AA
genotype shows higher level of HDLc and TCho. Whereas, AG genotype responsible for the
highest breast pH_1 in KNC. Especially the factor which determine the water holding
capacity of meat and color of meat traits did show association with PRDM16 gene.
Particularly breast_ pH_1 (P<0.05) & breast pH_2 (P<0.1) were significant in this study.
Significant lines and genes effects were observed for both thigh and breast pH_1 & pH_2
(data not shown). Water holding capacity is known to be affected by meat pH because of the
electrostatic effect of meat proteins (Hamm, 1975). Therefore, this may ultimately cause
changes in water holding capacity and cooking loss of the meat. However, there was no
significant difference observed for both breast and thigh cooking lost, meat color (redness
(a*), yellowness (b*), lightness (L*)) values for g.11,041C>T & g.182491A>G SNP.

Previously the g.11,041C>T SNP has been reported for its significant effect on growth traits
in chicken (Nie et al., 2008; Manjula et al., 2017). Similarly, PRDM16 gene g.182491A>G
SNP was significantly associated with KNC body weight at 8 ,10 and 14 weeks of age
(Cahyadi et al., 2013). In addition, an association study for PRDM16 polymorphism in exon
6 was evaluated using crossed of Chinese native chicken Gushi (representing slow-growing
Chinese native chickens) and Anka (representing fast-growing broilers) which showed
significant relationship with growth, fatness and meat quality. In detail, the c. 1433 G>A
SNP had positive effects on body weight and body size, whereas GG genotype was favorable
for growth and fatness (Han et al., 2012). Further, these studies indicated that polymorphisms
of the PRDM16 gene can both accelerate the growth of chickens and increase the deposition
of fat when animal have AA genotypes compare to AG genotype. However, in our results
shows that AA genotype of g.182491A>G SNP in exon 9 of PRDM16 gene was responsible
for higher HDLc and TCho, and a significant effect on body weight of KNC (Cahyadi et al.,
2013).

In conclusion, the POU1F1 gene non-synonymous SNP (g.11,041C>T) and
PRDM16 gene non-synonymous SNP (g.182491A>G) in exons 5 and exons 9, respectively
were studied. The POU1F1 g.11,041C>T polymorphism had effect on blood serum GPT
level, and no association with meat quality were reported. The polymorphism g.182491A>G
in PRDM16 affected meat quality traits, particularly with breast_ pH1 and serum clinical-
chemical traits including HDL_C & Tchol. After further investigation on other polymorphisms
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in this gene in KNCs this marker can be useful in improving the native breeds for meat traits.
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Table 1. Genotype and allele frequency summary for POU1F1 and PRDM16 gene SNPs.

SNP marker Genotype frequency
Allele

frequency
PIC1 Hu2 Chi square test3

POU1F1 CC CT TT C T
g.11,041C>T 0.84

(489)
0.13
(75)

0.03
(15)

0.91 0.09 0.151 0.165 23.82(1.059e-06)

PRDM16 AA AG GG A G

g.182491A>G 0.69
(397)

0.31
(182)

0.00
(00)

0.85 0.15 0.229 0.265 19.62 (9e-06)

1 Polymorphic information content
2 Heterozygosity

Table 2. Number and percentages of samples with genotypes for POU1F1 and PRDM16
genes.

PRDM16 POU1F1 Total
CC CT TT

AA 321 (55.44) 65 (11.23) 11 (1.90) 397 (68.57)
AG 168 (29.02) 10 (1.73) 4 (0.69) 182 (31.44)
Total 489 (84.46) 75 (12.96) 14 (2.59) 579
Values in parentheses indicated the percentage (%) of combined genotypes
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Gene/ marker Trait1 LSM (SE) for Genotype2
Association
P-value

POU1F1
g.11,041C>T* CC CT TT

Glucose 26.894+2.097 255.19±4.995 245.74±9.295 0.285
T_Pro 4.244±0.05 4.253±0.012 4.278±0.221 0.990
GPT 2.895±0.029ab 3.021±0.069a 2.673±0.130b 0.004
Cre -0.225±0.023 -0.313±0.055 -0.367±0.103 0.263
HDL_C 100.01±1.988 99.14±4.793 99.57±9.019 0.985
TCho 136.8±2.609 139.8±6.293 149.7±11.841 0.575
GOT 5.408±0.016 5.396±0.039 5.351±0.074 0.760
Amy 5.347±0.023 5.375±0.056 5.359±0.104 0.893

PRDM16
g.182491A>G AA CG

Glucose 260.91±2.10 258.55±2.76 - 0.438
T_Pro 4.264+0.049 4.209±0.065 - 0.446
GPT 2.903±0.029 2.904+0.038 - 0.978
Cre -0.235±0.023 -0.254±0.031 - 0.565
HDL_C 102.16±2.032a 95.10±2.674b - 0.017
TCho 140.11±2.67a 132.27±3.51b - 0.044
GOT 5.39±0.017B 5.43±0.022A - 0.078
Amy 5.365±0.024 5.33±0.031 - 0.213

Table 3. Least Square means for Serum clinical-chemical traits in KNC.

1 GPT: glutamic-pyruvic transaminase (IU/L), Cre:Creatinine(mg/dl), HDL_C: High density lipoprotein
cholesterol (mg/dl), TCho:Total cholesterol (mg/dl), GOT: Glutamic Oxaloacetic transaminase, Amy:
Amylase (IU/L).
2 least Square means for serum chemical traits adjusted for fixed effect.
a bMeans within a rowwith no common superscript differ significantly (P < 0.05)
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Table 4. Association between POU1F1 and PRDM16 gene with meat quality traits in KNC.

Gene/marker Trait1 LSM (SE) for Genotype
Association
P-value

POU1F1/
g.11,041C>T*

CC CT TT
Brst_CL 20.63±0.22 20.73±0.52 19.91±0.97 0.579
Brst_pH1 1.82±0.003 1.830±0.008 1.830±0.015 0.552
Brst_pH2 1.76±0.003 1.76±0.006 1.75±0.012 0.475
Brst_L* 59.58±0.19 60.20±0.45 60.24±0.84 0.398
Brst_a* 1.96±0.02 1.98±0.046 1.86±0.085 0.333
Brst_b* 21.32±0.10 21.02±0.25 21.02±0.47 0.403
Thigh_CL 30.23±0.266 30.42±0.649 30.13±1.211 0.916
Thigh_pH1 6.479±0.018 6.396±0.044 6.486±0.081 0.121
Thigh_pH2 6.218±0.013 6.178±0.031 6.194±0.057 0.440
Thigh_L* 48.66±0.267 47.96±0.645 48.93±1.213 0.448
Thigh_a* 13.45±0.136 13.21±0.333 13.25±0.619 0.745
Thigh_b* 20.24±0.110 19.69±0.265 20.14±0.500 0.112

PRDM16/
g.182491A>G AA AG

Brst_CL 20.61±0.219 20.52±0.288 - 0.767
Brst_pH1 1.82±0.003b 1.83±0.004a - 0.039

Brst_pH2 1.758±0.002B 1.765±0.003A - 0.059

Brst_L* 59.75±0.191 59.51±0.250 - 0.377

Brst_a* 1.973±0.019 1.95±0.025 - 0.357

Brst_b* 21.25±0.107 21.32±0.141 - 0.619

Thigh_CL 30.14±0.272 30.49±0.358 - 0.371

Thigh_pH1 6.46±0.018 6.480+0.024 - 0.530

Thigh_pH2 6.220±0.129 6.194±0.017 - 0.165

Thigh_L* 48.51±0.274 48.71±0.361 - 0.614

Thigh_a* 13.49±0.139 13.26±0.183 - 0.267

Thigh_b* 20.18±0.113 20.14±0.149 - 0.806
1Brst: breast muscle; Thigh: thigh muscle; Brst_CL: Breast muscle cooking lost, Thigh _CL: Thigh muscle
cooking lost L*: CIE lightness value; a*: CIE redness value; b*: CIE yellowness; pH1: pH measured after 15
min of slaughter; pH2: ultimate pH.
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