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Abstract
Local chickens in Iraq are characterized by low production efficiency. In fact, phenotypic traits such as
growth rate is influenced by genes and environmental factors. However, the present study attempts to
identify associations between growth rate and polymorphism of TGF-β3 gene in Iraqi local chicken.
Seventy-five male birds were used in this study. The restriction enzyme BsrI has been used to detect
the target region (1078 bp) in the TGF-β3 gene. A SNP was identified at 9361 position in the exons 36 region of TGF-β3 by using a DNA sequencing technique. The genotypic frequencies were 66.67,
17.33 and 16% for AA and CA and CC genotypes respectively. While, the allele frequency of gene A
and C were 0.75 and 0.25%, respectively. Generally, during the last period of rearing we noted the
best improved significantly (p>0.05) for body weight was recorded in the CA genotype of TGF-β3
gene. In conclusion, the TGF-β3 gene may have broad effects on growth and development. At the
same time, polymorphism may be used as a candidate genes of QTL to improve body weight in local
chickens.
Keywords: Chicken, Transforming growth factor beta-3, Sequence technique, Body weight.

Introduction
The poultry industry is successful in providing high quality, affordable food (Abdulwahid,
2015; Batkowska et al., 2017; Zhang et al., 2018). The term "local," "indigenous," or "native"
chickens refers to a community of birds that originated in a particular region and have adapted
to its unique climate (Al-Khalaifa et al., 2013). In Iraq, as in many areas of the world, there is
a risk of extinction of the native domestic breeds of chicken, so great attention and efforts are
required for the conservation and preservation of these potentially valuable genetic resources
(Yacoub et al., 2013; Yacoub et al., 2015). The variation of the sequence within the
information of the species on genetic diversity and the relationships between populations,
individuals, breeds of animals, and species is important for breeders for the improvement of
animal breeds, for conservation, and for the study of population evolutionary ecology
(Vigouroux et al., 2005). Studies on genetic diversity can identify alleles that could influence
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the body's ability to survive in its existing habitat, or could allow it to survive in multiple
habitats. This knowledge is valuable for the conservation of germ plasm, the population, the
individual, the variety or identification of the breed (Bennett et al., 2007). The evolution of a
multicellular organism into ever more complex life forms needs the establishment of
communication and control among individual cells to maintain order in the organism. The
basic physiological processes, including proliferation, differentiation, metabolism, and
apoptosis, are intricately regulated by a dense signaling network that is elicited by cytokines,
growth factors or polypeptide hormones. Among those polypeptide/hormone-induced signals,
the transforming growth factor-beta (TGF-β) family is particularly important (Crane and Cao,
2014). The TGF-β superfamily members are multifunctional cell-cell signaling proteins that
play pivotal roles in tissue homeostasis and development (Saito et al., 2018). The chicken
TGF-β3 maps to chromosome 5 (Abasht et al., 2006; Wang et al., 2012). Well, it consists of 7
exons, 6 introns and spans 16-kb of the chicken genome. The identified quantitative trait loci
(QTL) can then be characterized at the molecular level to detect the single nucleotide
polymorphism (SNP) potentially associated with production traits (Xie et al., 2012; Abdalhag
et al., 2015). These SNPs can be used to design relatively easy, fast and time-saving markerassisted selection tests. Single nucleotide polymorphisms are variations of a single base with a
frequency of at least 1% and are used mainly as markers for the mapping of the whole
genome (Baslasubramanian et al., 2005). Amirinia et al, (2011) indicated that a SNP marker
in the TGF-ß3 gene was associated with body composition traits and a potential marker for
molecular marker-assisted selection programs in commercial broilers. Chen et al., (2013)
found polymorphism in the chicken TGF-β genes had a significant effect on myofiber
characteristics. Jin et al., (2013) identified SNP in TGF-β3 gene is significantly associated
with body weight. Recently, a new SNP has been identified in the TGF-β3 gene which have a
positive effect on chicken growth (Tang et al., 2011; Hosnedlova et al., 2020). At the same
time, studies and researchers in Iraq for improving the productivity of local chickens are still
limited (Abdulwahid et al., 2019; Abdel Amir et al., 2019; Mohammed, 2019). As a reason,
the current study's aim was to see whether there was a correlation between TGF-β3 gene
polymorphism and body weight.

http://annalsofrscb.ro

5393

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 5392 - 5401
Received 25 April 2021; Accepted 08 May 2021.

Materials and Methods
Experimental birds
This study was carried out at a poultry farm, College of Veterinary Medicine, University of
Baghdad during the period of 9 weeks from 7th March - 6th May, 2019. A total of seventyfive male chicks (Iraqi local) at 28 days old were brought from the poultry research station
Abu Ghraib/Ministry of Agriculture. All birds were numbered by metal figures fixed
(installed) on the wing pad and randomly divided into cages. Diet was provided ad libitum
according to (NRC, 1994). Birds were maintained according to the principle of animal
welfare and approval of an ethics committee.
Laboratory analysis
One ml of blood was collected at age 90 days old from the brachial vein of all experimental
birds by using disposable syringes. The samples were put in EDTA tubes kept in the freezer (20 ºC) for molecular tests. DNA was extracted from blood by using a DNA extraction kit
(Favorgen, Taiwan). The primers were supplied from (Alpha DNA, Canada), as forward 5’CGG CCT GGA AAT CAG CAT AC-3’ and reverse 5’- GAA GCA GTA GTT GGT ATC
CAG-3’ (Malek and Lamont 2003; Tohidi et al., 2013). The components of PCR reaction
were prepared according to the procedure that was suggested by the manufacturing company
(Promega, USA) using 12.5 µl master mix, 1 µl forward primer, 1 µl reverse primer, 3 μl of
DNA and 7.5 µl distill water. The optimum condition for gene detection includes initial
denaturation at 95 ºC for 5 minutes; followed by 30 cycles of denaturation at 95 ºC for 30
seconds, annealing at 54 ºC for 30 seconds, extension at 72 ºC for 30 seconds and then final
extension at 72 ºC for 7 minutes. In addition, 20 µl of PCR products were sent to a company
(Macrogene, Korea) for sequencing.
Productive parameter
Live body weight was calculated at weekly intervals by using electronic balance (Guangdong,
China) according to (Al-zubaidie, 1986).
Statistical analysis
The statistical analysis system program was used to investigate the effect of genotype of the
TGF-β3 gene on body weight (Cary, 2012). To compare meanings, the general linear model
procedure and Duncan's multiple range test were used. As well as, extracting the distribution
ratios of the herd and the frequency of the alleles obtained by chi-square test of gene based on
Hardy-Weinberg law (Edwards, 2008).
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Results and Discussion
DNA extraction
The DNA extracted was very efficient and showed a sharp band Figure (1).

Figure (1): Genomic DNA in 1.5% agarose gel
PCR assay
Polymerase chain reaction (PCR) amplified the region of the TGF-β3 gene, which showed a
molecular weight of 1078 bp. Figure (2). The present results agree with Malek and Lamont
2003; Tohidi et al., 2013.

Figure (2): Amplification TGF-β3 gene in 1.5% agarose gel. M= 100 bp ladder.
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Sequence assay
The genotypes of TGF-β3 gene in local chicken were observed AA, CA and CC respectively.
At the same time, C/A transition mutation was found at position 9361 bp in the exon 3-6
Figure (3).
Sequence variation in the TGF-β3 gene may be related to the change in response of the gene
to their functions.

Figure (3): Sequence analysis of TGF-β3 gene
Distribution of genotype and allele frequency
The results in Table (1) refer to the distribution of different genotypes of TGF-β3 gene in
local chicken that revealed significant variations (P<0.01) in the rate of three genotypes. The
genotype AA had the highest percentage (66.67%), followed by genotype CA (17.33%), and
genotype CC had the lowest percentage (16%), and the allele frequency of A was dominant
on allele frequency of C that reached 0.75 and 0.25 as A and C allele respectively, As the law
of Hardy-Weinberg. The chi-square analysis revealed that the association of BsrI allelic
pattern with strain is significant.
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Based on the results of this study, it can be concluded that differences in the level of SNP in
chickens may be due to differences in sample sizes, differences in genetic potential of species
and implementation of breeding programs. Previous studies of Malek and Lamont (2003);
Tohidi, et al., (2013); Khaerunnisa, et al., (2020) indicated that native chickens were
polymorphic with two alleles found (A and C) and three genotypes (AA, CA, and CC).
Table (1) Distribution of genotype and allele frequency of TGF-β3 gene.
Genotype
AA (Wild)
CA (Heterozygous)
CC (Mutant)
Total
Chi-square (X2)
Allele
A
C

Number
50
13
12

*

Percentage (%)
66.67
17.33
16
75
12.934 *
Frequency
0.75
0.25

(p<0.01).

Effect of TGF-β3 gene on body weight
Table (2) shows that there are no significant differences in weekly body weight of males in
the fourth, fifth, sixth, seventh, eighth, ninth, and tenth weeks between the three genotypes of
the TGF-β3 gene. While, there were significant differences in body weight at eleven, twelve
and thirteen week by CA genotype that was dominant on the other genotypes 998.69, 1185.30
and 1297.92 gm, followed by CC genotype 963.08, 1142.58 and 1249.75 gm then AA
genotype 924.64, 1092.48 and 1194.58 gm respectively.
All These results may suggest a positive association between the TGF-β3 SNP and the high
body weight of chickens. The scientific principle of this association is based on the facts
which indicate that variability within genes coding for protein products involved in key
physiological mechanisms and metabolic pathways is directly or indirectly involved in
determining economic traits, which might probably explain a fraction of the genetic
variability for the production trait itself (Fontanesi et al., 2008). Davies et al. (2002) reported
that sense mutation can change the gene expression, which in turn a different protein with
different characterizes is created as a result of amino acids change. This protein may lose its
function or become activated or exhibit a new function. It is possible that the variation
happened in amino acids due to the TGF-β mutations caused a significant change in the TGFβ function. The TGF-β3 protein is especially abundant in tissues that develop into the muscles
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used for movement (skeletal muscles), and plays a key role in their development (Reinhoff et
al., 2013). The study of Lu et al. (2013) showed that TGF-β3 may play an important role in
fetal myoblast proliferation in chicken leg muscles. The TGF-β proteins act as autocrine and
paracrine regulators of adipocyte precursor cell proliferation and differentiation, and influence
the development of fat tissues of the chicken (Burt et al., 1994; Marie et al., 2000). The TGFβ3 mRNA was detected in cultured chicken embryo cardiac myocytes and in heart and muscle
tissues of developing chicken embryo (Jakow-lew et al., 1991, 1994). All these results
suggest that TGF-β family genes regulate muscle development in vivo. In the study of Li et
al. (2003), the TGF-β3 polymorphism in broilers crossed with Leghorn was associated with
traits of growth and body composition, such as body weight, breast muscle weight, shank
weight, abdominal fat and spleen weight. Also, the TGF-β3 gene was implicated in having a
role in determining growth traits in yellow meat-type chicken (Jin et al., 2013). Hosnedlova et
al. (2020) concluded that the TGF-β3 gene is associated with growth traits in broilers.
Table (2) Relationship of genotype of TGF-β3 gene with body weight (gm) in male. Mean
± standard error
Genotype
AA
CA
CC
(No. = 50)
(No. = 13)
(No. = 12)
Week 4
361.92 ± 6.29 a
368.07 ± 14.31 a 362.41 ± 14.81 a
Week 5
377.18 ± 6.38 a
384.23 ± 15.32 a 378.75 ± 15.24 a
Week 6
399.52 ± 6.69 a
406.76 ± 15.35 a 400.41 ± 15.71 a
Week 7
443.72 ± 7.25 a
450.46 ± 15.16 a 446.33 ± 16.68 a
Week 8
516.38 ± 7.74 a
526 ± 15.41 a
519.41 ± 17.69 a
Week 9
623.06 ± 8.08 a
633.15 ± 16.15 a 628.33 ± 17.92 a
Week 10
756.60 ± 8.57 a
765.69 ± 16.87 a
762 ± 18.05 a
Week 11
924.64 ± 7.26 c
998.69 ± 9.87 a
963.08 ± 8.71 b
Week 12
1092.48 ± 6.83 c 1185.30 ± 9.86 a 1142.58 ± 8.21 b
Week 13
1194.58 ± 7.48 c 1297.92 ± 10.21 a 1249.75 ± 7.66 b
Small different letters in the same raw denoted that significant differences
at a level (p<0.05).
Body weight

Conclusions
Iraqi chickens are polymorphic in the TGF-β3 BsrI locus. The A allele frequency is higher. At
the same time, the CA genotype having a positive effect on body weight could be considered
for selection strategies of the birds as a parent to the next generations.

http://annalsofrscb.ro

5398

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 5392 - 5401
Received 25 April 2021; Accepted 08 May 2021.

References
[1].
[2].

[3].

[4].

[5].

[6].

[7].
[8].

[9].

[10].
[11].

[12].
[13].
[14].

[15].
[16].

[17].

Abasht, B., Dekkers, J.C. and Lamont, S.J. (2006). Review of quantitative trait loci identified
in the chicken. Poult. Sci., 85:2079-2096.
Abdalhag, M.A., Zhang, T., Fan, Q.C., Zhang, X.Q., Zhang, G.X., Wang, J.Y., Wei, Y. and
Wang, Y.J. (2015). Single nucleotide polymorphisms associated with growth traits in Jinghai
yellow chickens. Genet. Mol. Res. 14 (4):16169-16177.
Abdel Amir, M.J., Razuki, W.M. and Al-Anbari, E.H. (2019). Association of polymorphisms
for vasoactive intestinal peptide receptor-1(VIPR-1) genes with egg production in local Iraqi
brown chickens. Biochem. Cell. Arch. 19(1):1319-1322.
Abdulwahid, H.S., Al-Hassani, D.H., Razuki, W.M. (2019). Associations of very low-density
lipoprotein receptor (VLDLR) gene polymorphisms with egg production traits in Iraqi local
brown chickens. Iraqi J. Agric. Sci. 50(2):727-733.
Abdulwahid, M.T. (2015). Effect of injection hatching eggs with Newcastle disease vaccine
and different doses of vitamin E on some productive traits and immune response of broilers.
The Iraqi. J Vet. Med. 39(2):98-107.
Al-Khalaifa, H.S., Al-Nasser, A., Ragheb, G, Abdullah, F.K, Al-Bahouh, M. and Mashaly, M.
(2013). Production of local chicken breeds and non-chicken species. Conference: The
international congress on the advancement in poultry production in the Middle East and
African countries. Pp 1-8.
Al-zubaidie S.S.A. (1986). Poultry management. 1st ed., College of Agriculture. Basra
University.
Amirinia, C., Seyedabadi, H.R., Amirmozafari, N., Torshizi, R.V., Chamani, M., Aliabad, A.J.
and Abbasi, M.A. (2011). Association of transforming growth factor-ß3 gene polymorphism
with growth and body composition traits in Iranian commercial broiler lines. Afr. J.
Biotechnol. 10(10):1784-1788.
Balasubramanian, S., Xia, Y., Freinkman, E. and Gerstein, M. (2005). Sequence variation in
G-protein coupled receptors: Analysis of single nucleotide polymorphisms. Nucleic Acids
Res. 33:1710-1721.
Batkowska, J., Drabik, K. and Brodacki, A. (2017). Quantity and quality of poultry products
depending on birds' rearing system. J. Animal Sci. Biol. Bioeconomy. 8(3):57-66.
Bennett, A.K., Hester, P.Y.and Spurlock, D.M. (2007). Relationships of transforming growth
factor –β2 single nucleotide polymorphism and messenger ribonucleic acid abundance with
bone and production traits in chickens. Poult. Sci. 86:829-834.
Burt, D.W. and Law, A.S. (1994). Evolution of the transforming growth factor-beta
superfamily. Progr. Growth Factor Res. 5:99-118.
Cary N. (2012). Statistical analysis system, User's guide. Statistical. Version 9. SAS. Inst. Inc.
USA.
Chen, S., An, J., Lian, L., Qu, L., Zheng, J., Xu, G. and Yang, N. (2013). Polymorphisms in
AKT3, FIGF, PRKAG3, and TGF-β genes are associated with myofiber characteristics in
chickens. Poult. Sci. 92:325-330.
Crane, J.L. and Cao, X. (2014). Bone marrow mesenchymal stem cells and TGF-beta
signaling in bone remodeling. J. Clin. Invest. 124:466-472.
Davies, H., Bignell, G.R., Cox, C., Stephens, S., Clegg, S., Teague, J., Woffendin, H., Garnett,
M.J., Bottomley, W. and Davis, N. (2002). Mutations of the BRAF gene in human cancer.
Nature. 417:949-954.
Edwards A.W.F. (2008). GH Hardy (1908) and hardy–weinberg equilibrium. Genetics.
179(3):1143-1150.

http://annalsofrscb.ro

5399

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 5392 - 5401
Received 25 April 2021; Accepted 08 May 2021.

[18]. Fontanesi, L.T., Scotti, E. and Russo, V. (2008). Analysis of candidate genes for meal
production traits in domestic rabbit breeds. 9th world rabbit congress, Verona, Italy, A. P7984.
[19]. Hosnedlova, B., Vernerova, K., Kizek, R., Bozzi, R., Kadlec, J., Curn, V., Kouba, F.,
Fernandez, C., Machander, V. and Horna, H. (2020). Associations between IGF1, IGFBP2
and TGFß3 genes polymorphisms and growth performance of broiler chicken lines. Animals
(Basel). 10(5):1-24.
[20]. Jakowlew, S.B., Ciment, G., Tuan, R.S., Sporn, M.B. and Roberts, A.B. (1994). Expression of
transforming growth factor-beta2 and beta 3 mRNAs and proteins in the developing chicken
embryo. Different. 55:105-118.
[21]. Jakowlew, S.B., Dillard, P.J., Winokur, T.S., Flankers, K.C., Sporn, M.B. and Roberts, A.B.
(1991). Expression of transforming growth factor-beta s 1-4 in chicken embryo chondrocytes
and myocytes. Dev. Biol. 143:135-148.
[22]. Jin, S., Chen, S., Li, H., Lu, Y., Zhang, D., Ji, C., Xu, G. and Yang, N. (2013). Polymorphisms
in the transforming growth factor β3 gene and their associations with feed efficiency in
chickens. Poult. Sci. 92(7):1745-1749.
[23]. Khaerunnisa, I.J. and Sumantri, C. (2020). The TGF-β3 Gene Polymorphisms and carcass
components in Kampung x meat type chicken cross. J. A. S. T. 8(1):42-47.
[24]. Li, H., Deeb, N., Zhou, H., Mitchell, A., Ashwell, C. and Lamont, S.J. (2003). Chicken
quantitative trait loci for growth and body composition associated with transforming growth
factor-β genes. Poult. Sci. 82:347-356.
[25]. Lu, Y., Chen, S. and Yang, N. (2013). Expression and methylation of FGF2, TGF-β and their
downstream mediators during different developmental stages of leg muscles in chicken. PLoS
ONE. 8(11): e79495.
[26]. Malek M, Lamont S.J. (2003). Association of INOS, TRAIL, TGF-β2, TGF-β3, and IgL genes
with response to Salmonella enteritidis in poultry. Genet. Sel. Evol. 35(1):S99-S111.
[27]. Marie, P., Debiais, F., Cohen-Solal, M. and de Vernejoul M.C. (2000). New factors
controlling bone remodeling. Joint Bone Spine. 67:150-156.
[28]. Mohammed, F.A. (2019). Association of Spot14 and MC4R genes polymorphism with some
productive and physiological traits in local chickens. Ph.D. Dissertation in Veterinary Public
Health. University of Baghdad. College of Veterinary Medicine.
[29]. National research council (NRC). (1994). Nutrient requirements of poultry. 9th ed. National
Academy Press.Washington. D.C. USA.
[30]. Rienhoff, H.Y., Jr, C.Y. Ye o, R., Morissette, I., Khrebtukova, J., Melnick, S., Luo, N. Leng,
Y.J., Kim, G., Schroth, J., Westwick, H., Vogel, N., McDonnell, J.G. Hall, & M. Whitman M.
(2013). A mutation in TGF-β3 associated with a syndrome of low muscle mass, growth
retardation, distal arthrogryposis and clinical features overlapping with Marfan and LoeysDietz syndrome. Am. J. Med. Genet. A. 161A(8):2040-6.
[31]. Saito, A., Horie, M. and Nagase, T. (2018). Review TGF-β signaling in lung health and
disease. Int. J. Mol. Sci. 19:1-18.
[32]. Tang, S., Ou, J., Sun, D., Zhang, Y., Xu, G. and Zhang, Y. (2011). A novel 62-bp indel
mutation in the promoter region of transforming growth factor-beta 2 (TGF-β2) gene is
associated with body weight in chickens. Anim. Genet. 42(1):108-112.
[33]. Tohidi, R., Idris, I.B., Panandam, J.M. and Bejo, M.H. (2013). The effects of polymorphisms
in 7 candidate genes on resistance to Salmonella enteritidis in native chickens. Poult. Sci.
92:900-909.
[34]. Vigouroux, Y., Mitchell, S. and Matsuoka, Y. (2005). An analysis of genetic diversity across
the maize genome using microsatellites. Genetics J. 169:1617-1630.
http://annalsofrscb.ro

5400

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 5392 - 5401
Received 25 April 2021; Accepted 08 May 2021.

[35]. Wang, S.Z., Hu, X.X., Wang, Z.P., Li, X.C., Wang, Q.G., Wang,Y.X., Tang, Z.Q. and Li, H.
(2012). Quantitative trait loci associated with body weight and abdominal fat traits on chicken
chromosomes 3, 5 and 7. Genet. Mol. Res. 11:956-965.
[36]. Xie, L., Luo, C., Zhang, C., Zhang, R., et al. (2012). Genome-wide association study
identified a narrow chromosome 1 region associated with chicken growth traits. PLoS One.
7:e30910.
[37]. Yacoub, H.A, Fathi M.M., Sadek, M.A. (2015). Using cytochrome b gene of mtDNA as a
DNA barcoding marker in chicken strains, Mitochond. DNA. 26:217-223.
[38]. Yacoub, H.A, Fathi, M.M. (2013). Phylogenetic analysis using d-loop marker of mtDNA of
Saudi native chicken strains. Mitochond. DNA. 24:538-551.
[39]. Zhang, Z., Chen, G., Qin, Z., Tong, X., Li, D. and Qin, L. (2018). Poultry and fish
consumption in relation to total cancer mortality: a meta-analysis of prospective studies. J.
Nutr. Cancer. 70(2):204-212.

http://annalsofrscb.ro

5401

