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ABSTRACT

The purpose of this study is to determine Haelll polymorphism in the exon 4 and intron 4 region of
the Insulin-like Growth Factors -1 (IGF-1) gene which the regulation of tissue growth and muscle
development in 6 different goat breeds reared in Turkey. Haelll polymorphism in IGF-1 gene (363
bp) was investigated by Restriction Fragment Length Polymorphism PCR-RFLP methodology in a
total of 303 goats including 52 Hair, 51 Angora, 50 Kilis, 50 Honamli, 50 Halep, and 50 Saanen
breeds. A and B allele frequencies in Hair, Angora, Honamli, Halep, Saanen and Kilis breeds were
found to be 0.3558 and 0.6442, 0.5784 and 0.4216, 0.2100 and 0.7900, 0.7300 and 0.2700, 0.7800
and 0.2200, 0.2900 and 0.7100, respectively. AA, AB and BB genotype frequencies were found to
be 0.250, 0.212 and 0.538 (P<0.05), 0.451, 0.255 and 0.294 (P<0.05), 0.060, 0.300 and 0.640
(P>0.05), 0.600, 0.260 and 0.140 (P<0.05), 0.700, 0.160 and 0.140 (P<0.05), 0.200, 0.180 and
0.620 (P<0.05) respectively. When all breeds were taken into consideration, A and B allel
frequencies were found to be 0.4901 and 0.5099, and AA, AB and BB genotype frequencies were
found to be 0.376, 0.228 and 0.396 (P<0.05). It was determined that populations except for Honaml1
goats were in not Hardy-Weinberg equilibrium when both the breed and the general evaluation were
made in terms of Haelll polymorphism in the exon 4 region of the IGF-1 gene (P<0.05).
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OZET

Bu arastirmada amag¢ dokularin biiylimesi ve kas gelismenin diizenlenmesinde aday gen olarak
kabul edilen Insiilin Benzeri Biiyiime Faktorleri -1 (IGF-1) geninin ekzon 4 ve Intron 4
bolgesindeki Haelll polimorfizmini Tiirkiye’de yetistirilen 6 farkli keg¢i irkinda belirlemektir.
Arastirmada 52 bas Kil, 51 bas Tiftik, 50 bas Honamli, 50 bas Halep, 50 bas Saanen ve 50 bas Kilis
irk1 olmak iizere toplam 303 bas kegide GH1 geni Haelll polimorfizmi (363 bg) Restriksiyon
Fragman Uzunluk Polimorfizmi (RFLP) yontemi ile arastirilmistir. IGF-1 geni Haelll enzim kesimi
sonucu iki allel (A ve B) ve {i¢ genotip (AA, BB ve AB) belirlenmistir. Kil, Tiftik, Honaml1, Halep,
Saanen ve Kilis keg¢i 1rklart icin A ve B allel frekanslar1 sirasiyla 0.3558 ve 0.6442, 0.5784 ve
0.4216, 0.2100 ve 0.7900, 0.7300 ve 0.2700, 0.7800 ve 0.2200, 0.2900 ve 0.7100 olarak
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bulunmustur. AA, AB ve BB genotip frekanslar1 bakimindan ise sirasiyla 0.250, 0.212 ve 0.538
(P<0.05), 0.451, 0.255 ve 0.294 (P<0.05), 0.060, 0.300 ve 0.640 (P>0.05), 0.600, 0.260 ve 0.140
(P<0.05), 0.700, 0.160 ve 0.140 (P<0.05), 0.200, 0.180 ve 0.620 (P<0.05) olarak bulunmustur.
Biitiin wrklar dikkate alindiginda A ve B allel frekanslarin1 0.4901 ve 0.5099, AA, AB ve BB
genotip frekanslarini ise 0.376, 0.228 ve 0.396 (P<0.05) olarak tespit edilmistir. Honamli kegisi
disindaki irklarin Hardy-Weinberg dengesinde olmadig1 belirlenmistir (P<0.05).

Anahtar Kelimeler: IGF-1, Haelll polimorfizm, ke¢i, PCR, RFLP

1. INTRODUCTION

The estimated number of goats worldwide is 1 034 406 504 and are reared as 53.3% in Asia, 40.9%
in Africa, 3.6% in the USA, 1.6% in EU and 0.4% in the Oceania, respectively. Goats are mostly
reared in China, India, Nigeria, Pakistan, Bangladesh, Chad Republic, Sudan, Ethiopia, Mongolia,
and Kenya countries, respectively (FAO, 2017). In Turkey, the presence of goats is 10 992 427
heads and approximately 98% of the total goat is made up of hair goats and hybrids and 2% of them
is Angora goats. Its share in livestock is 17.35% (Anonim, 2018). When expressed in goat breeding
in Turkey comes to mind Hair goat breeding. On the contrary, their production performance is
rather low. They are mainly kept on permanent grazing land and dry steppe areas with poor
nutritive values in an extensive production system. In recent decades, although there is an attempt to
improve their production performance and to develop more sophisticated breeds and genotypes, due
to lack of a breeding strategy on a national scale, inadequate nutrition and not having performance
recording, there is a big gap between the potential and realized performance of native breeds
(Kaymakei et al., 2006). Sheep and goats have an important place in the economy of Turkey and in
the nutrition of its people. They convert otherwise unuseable vegetaion on poor grazing lands to
meat, milk, fiber and skins. Sheep and goats contribute also indirectly to the export earnings of the
country through providing raw materials for the export-oriented carpet, textile, leather and food
industries, as in the other Near East countries, sheep meat, sheep milk and sheep-milk products are
valuable and generally preferred commodities. Goat meat and goat milk are the main sources of
animal protein for the inhabitants of the mountainous regions (Kaymakci and Askin, 1997). The
increase in yield in farm animals will be possible by improving genotype and/or environment,
having knowledge about genetic structure of population increases the success of breeding. In
particular, there is a high correlation between the polymorphic properties and the properties
emphasized. The presence of criteria such as the feasibility of early detection and non-gender
dependence makes a significant contribution to the breeders in selection. To date, many candidate
genes have been studied in farm animals and the relationships between these genes and yield
characteristics of economic importance have been investigated.

Insulin-like Growth Factors (IGF-1 and IGF-2) and insulin have a critical role in regulating growth
and development in living organisms (Reinecke and Cololet, 1998). Therefore, polymorphisms in
the IGF gene have led researchers to use them as candidate genes and to work in this field. The
IGFs signaling system of the insulin-like growth factors (IGF) gene, IGF-1 and IGF-2 have distinct
receptors. IGF binding proteins (IGFBP-1-IGFBP-6) are a member of six high affinity protein
families. Plays an important role in development, growth and reproduction and aging (Miller and
Gore, 2001; Li et al., 2009; Lan et al., 2007). The IGF-1 gene is encoded by a single gene located
on chromosome 5 (Schibler et al., 1998). Three leading exons (1 w, 1 and 1 a) and three exons (3, 4
and 6), exons 3 and 4, encode the mature IGF-I peptide (Mikawa et al., 1995). IGF-I plays a key
role in mammalian growth, lactation and metabolism (Zhang et al., 2008). By stimulating anabolic
processes such as cell proliferation, skeleton and hair growth and protein are synthesized. POUIF1
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(also called PIT-1 or GHF-1) is mainly expressed in the pituitary gland and plays an important role
in the expression of Growth Hormone (GH), Prolactin (PRL) and thyroid stimulating hormone 3
(TSH-B). Mutation on this gene could possibly result in lack of, GH, PRL and TSH (Cohen et al.,
1996; Li et al., 1990). The entire sequence of the Insulin-like Growth Factors (IGF) gene for goats
is reached in the GenBank database with access number 80190 bp and NC 030812 (Anonymous,
2017). The 5th chromosome consists of 4 exons and 4 introns (Mikawa et al., 1995). The aim of this
study was to determine the IGF-1 gene polymorphism in exon 4 and intron 4 to determine Haelll
grown in 6 different goat breeds in Turkey.

2. MATERIAL and METHOD
Blood sampling

In this study, a total of 303 blood samples were obtained from 52 Hair goats, 51 Angora goats, 50
Honamli goats, 50 Halep goats, 50 Saanen goats, and 50 Kilis goats.

Blood sample was collected from jugular vein by using vacutainer tubes containing with 10 ml
Ethylene Diamine Tetra Acetic (EDTA) tubes and brought to Selcuk University Faculty of
Agriculture Department of Animal Science Biotechnology Laboratory then stored in refrigerator
temperature condition set to -20°C before DNA extraction.

DNA Extraction

The DNA isolation was performed using the QuickGene DNA (DB-S) kit (Fujifilm Corp., Tokyo,
Japan). After DNA isolation, all samples were measured on a Nanodrop spectrophotometer
(ND1000; NanoDrop Technologies, USA) and DNA concentrations were determined.

Amplification and genotyping of DNA target (PCR-RFLP)

PCR amplification of the 363 bp region in the Exon 4 Intron 4 region of the IGF-1 gene. DNA
sequences of the forward and reverse primer used were F=5-CACAGCGTATTATCCCAC-'3 and
R=5"- GACACTATGAGCCAGAAG —3' (Liu et al. 2010). After DNA isolation, all samples were
measured on a Nanodrop spectrophotometer (ND1000; NanoDrop Technologies, USA) and DNA
concentrations were determined.

The chemicals and concentrations used in the PCR are 10 pL of 2 uL DNA, 1X Master mix, 0.25
uM primers and 5.5 pL ddH20 with a total concentration of 10 uL. The PCR condition starting
with initial denaturation temperature at 94 °C for 5 minutes, followed by 35 cycles of denaturation
at 94 °C for 40 seconds, annealing at 56 °C for 35 seconds, followed by one cycle of final extension
at 72 °C for 10 minutes with using a PCR machine (TC-512 Gradient Thermal Cycler). To
determine the polymorphism in the gene region of interest, 10 pL of PCR product, 1 U Haelll
restriction enzyme, 1X Buffer and 7 pnL ddH20O were added and treated for 30 min at 37 © C. The
PCR products were then electrophoresis on 2% agarose gel and visualized on UV transiluminator.
To identify the allele variation, PCR products obtained from the target gene was then analyzed by
using RFLP with Haelll restriction enzymes with the cutting site.

Statistical analysis

POPGENE 32 statistical program was used to analyze whether allele and genotype frequencies and
populations were in balance (Yeh et al. 1997).
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3. RESULTS and DISCUSSION
Amplification IGF-1 gene

IGF-1 gene region amplified by the method and the genotypes obtained by cutting enzyme Haelll
in Figure 1.

Marker 1 2 3 4 MARKER BB AB AA

200 be 500 be
400 be -4
200 be 363n¢ ’;ﬁ},’;
200 be 200 b

100 be 100 bg

Figurel. Visualization, PCR-RFLP of IGF-1 Gene Exon 4 Intron 4, PCR product (left) and (Right) product,
Lane M = DNA Marker, Uncutting PCR product (363 bp), Haelll cutting size, AA genotype (363 bp), BB
genotype (264- 99 bp) ve AB genotip (363-264-99 bp), M: 100 bp DNA Ladder.

Genotype and allele frequency and Hardy Weinberg equilibrium

The IGF-1/ Haelll polymorphisms in terms of genotype and allel frequencies in six of diferent goat
breeds of Turkey were given in Table 1.

The statistical analysis result obtained in this study showed that the breeds which detected have
generalty 2 alleles (A and B), and 3 genotypes (AA, AB and BB). The 303 under-head race goats
IGF-1 / Haelll polymorphism as a result of 114 AA, 69 AB and 120 BB genotype breeds with
identified as the number of animals (Table 1). A and B allele are the frequencies 0.4901and 0.5099
respectively. The frequencies for AA, AB and BB genotypes were 0.376, 0.228 and 0.396,
respectively. Also, Genotype and alleles frequencies distributions of the breeds in the study were
found and except for Honamli breed, they were not in Hardy-Weinberg equilibrium (P<0.05).

Table 1: The IGF-1/ Haelll polymorphisms in terms of genotype and allele frequencies in different
six goat breeds of Turkey.

Genotype frequencies Allele frequencies
Breeds N AA (n) AB (n) BB (n) A B He v
Hair goats | 52 | 0.250(13) 0.212(11) 0.538(28) | 0.3558 | 0.6442 0.458 | 15.080*
g;;gt‘s’ra 51 | 0.451(23) 0.255(13) 0.294(15) | 0.5784 | 0.4216 0488 | 11.620*
g(:);:mh 50 | 0.060(3) 0.300(15) 0.640(32) 0.2100 | 0.7900 0.332 | 0.459
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Halep goats | 50 | 0.600(30) 0.260(13) 0.140(7) 0.7300 | 0.2700 0.394 | 5.795*

:22?;“ 50 | 0.700(35) 0.160(8) 0.140(7) 0.7800 | 0.2200 0.343 | 14.247*
Kilis goats | 50 | 0.200(10) 0.180(9) 0.62031) | 0.2900 | 0.7100 0412 | 15.843*
Total 303 | 0.376(114) 0.228(69) 0.396(120) | 0.4901 | 0.5099 0.500 | 89.793*

y: Hardy-Weinberg equilibrium (HWE) test; He: expected heterozigosity; "P<0.05

IGF-I gene in terms of Haelll polymorphism, genotypes AA, AB and BB were determined in Hair,
Angora, Honamli, Halep, Saanen and Kilis goats. Also researchers, first, by Liu et al. (2010),
investigated the association between polymorphisms in insulin-like growth factor-1 (IGF-1) and
cashmere traits data with two Xinjiang local goat breeds. The frequencies of genotype AA in two
goat breeds (Xinjiang goat, Nanjiang cashmere goat) were 0.487 and 0.277. Genotype BB was
0.274 and 0.486. Genotype AB was 0.239 and 0.237. The polymorphisms of the IGF-1 gene were
associated with cashmere yield, fiber diameter, body weight in cashmere goat; Qiong et al. (2011)
776 samples of three Xinjiang local goat breeds (Xinjiang, Bogeda Cashmere and Nanjiang
Cashmere Goat, obtained results showed that the frequencies of genotype AA were 0.414, 0.591
and 0.319. Genotype AB was 0.000, 0.126 and 0.029. Genotype BB were 0.586, 0.241 and 0.597
and genotype AC were 0.000, 0.042 and 0.055 for Xinjiang, Bogeda Cashmere and Nanjiang
Cashmere Goat breeds, respectively. Alakilli et al. (2012) found that the allelic frequencies of IGF-
1 for A, B as 0.731 and 0.269 in Barki; 0.432 and 0.568 in Zaribi; 0.615 and 0.385 in Ardi and
0.473 and 0.527 in Masri goat breeds.  Alakilli et al. (2012) reported that the three genotypes as
AA, AB and BB four the goat breeds (Barki, Zaribi, Ardi and Masri) of Egypt and Saudi Arabia.
Kurdistani et al. (2013) in a study they had used Markham and Kurdi goat breeds of goats grown in
Iran on which A G seen mutation occurred. Polymorphism has been shown to have some effects on
animals. Shareef et al. (2018) stated that the Beetal goats vared in body weight in their study the
IGF-1 gene was found polymorphic and following three genotypes (AA, AB, and BB) were
detected in tested animals with the frequency of mutant (B) and wild-type (A) alleles as 0.35 and
0.65 respectively.

Hair, Angora, Honamli, Halep, Saanen and Kilis goats were observed Genotype Frequencies values
respectively 0.250, 0.212 ve 0.538; 0.451, 0.255 ve 0.294; 0.060, 0.300 ve 0.640; 0.600, 0.260 ve
0.140; 0.700, 0.160 ve 0.140 ve 0.200, 0.180 ve 0.620; expected Genotype Frequencies values
respectively 0.13, 0.46 ve 0.42; 0.45, 0.255 ve 0.294; 0.04, 0.33ve 0.62; 0.53, 0.39 ve 0.07; 0.61,
0.34 ve 0.05; 0.08, 0.41ve 0.50; as determined. Except for Honamli, Hair, Angora, Honamli, Halep,
Saanen and Kilis breeds were observed not in Hardy-Weinberg balance (P<0.05).

The Haelll polymorphism of IGF-I gene of Hair, Angora, Honamli, Halep, Saanen and Kilis goats,
and the genetic structure and allele frequencies of these polymorphisms were determined.

4. CONCLUSION

As a result, goat breeds reared in Turkey IGF-1 /Haelll polymorphism in terms of the three
genotypes AA, AB and BB, genotypic frequency respectively 0.250, 0.212 and 0.538 in Hair goats,
0.451, 0.255 and 0.294 in Angora goats, 0.060, 0.300 and 0.640 in Honaml1 goats, 0.600, 0.260 and
0.140. In Halep goats, 0.700, 0.160 and 0.140 in Saanen goats and 0.200, 0.180 and 0.620 in Kilis
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Goats has revealed. Polymorphism in IGF-1 Exon 4 Intron 4, Haelll section in Hair, Ankara goat,
Honamli, Halep, Saanen and Kilis goat breeds detect genetic polymorphism of PCR-RFLP method.
The chi-square test showed that the genotypes except for Honamli were not under the Hardy-
Weinberg equilibrium, indicating that IGF-1 / Haelll Exon 4 Intron 4 was indirectly selected for
goat breeds (P>0.05).

REFERENCES
Anonim, 2018. http://www.tuik.gov.tr/Start.do Access date: 03.05.2018.

Anonymous, (2017), Capra hircus breed San Clemente chromosome 5, ASM170441v1, whole
genome shotgun sequence.
https://www.ncbi.nlm.nih.gov/nuccore/NC_030812.1?report=genbank&from=64862983
&t0=64943172 &strand=true. Erisim Tarihi: [05.07.2017] .

Alakilli, S. Y., Mahrous, K. F., Salem, L. M. ve Ahmed, E. S., 2012, Genetic polymorphism of five
genes associated with growth traits in goat, African Journal of Biotechnology, 11 (82), 14738-
14748.

Cohen, L. E., Wondisford, F. E. ve Radovick, S., 1996, Role of Pit-1 in the gene expression of
growth hormone, prolactin, and thyrotropin, Endocrinology and metabolism clinics of North
America, 25 (3), 523-540.

FAO (2017). Food and agriculture data. http://www.fao.org/statistics/en/. Access Date:
[19.06.2019].

Kaymakci, M., Kosum, N., Taskin, T., Akbas, Y, (2006), A research on determination of some
yield characteristics in Menemen sheep, Ege University Faculty of Agriculture Journal, 43(1): 63-
74.

Kaymakci, M. A., Y, (1997), Goat breeding, Ege University Faculty of Agriculture,Bornova, Izmir,
1997, 294.

Kurdistani, Z. K., Rostamzadeh, J., Rashidi, A., & Davis, M. E. (2013). Evaluation of insulin-like
growth factor-I gene polymorphism on growth traits and yearling fleece weight in goats. Small
Ruminant Research, 111(1-3), 10-15.

Lan, X. Y., Pan, C. Y., Chen, H., Lei, C. Z., Liu, S. Q., Zhang, Y. B., ... & Hu, S. R. (2007). The
Haelll and Xspl PCR-RFLPs detecting polymorphisms at the goat IGFBP-3 locus. Small ruminant
research, 73(1-3), 283-286.

Liu, W, Fang, G., Fang, Y., Tian, K., Huang, X., Yao, X., ... & Xin, Y. (2010). The polymorphism
of a mutation of IGF-1 gene on two goat breeds in China. Journal of Animal and Veterinary
Advances, 9(4), 790-794.

Li, M., Li, Y., Lu, L., Wang, X., Gong, Q., & Duan, C. (2009). Structural, gene expression, and
functional analysis of the fugu (Takifugu rubripes) insulin-like growth factor binding protein-4
gene. American  Journal  of  Physiology-Regulatory,  Integrative  and  Comparative
Physiology, 296(3), R558-R566.

Li ve Crenshaw, E., 3d, Rawson EJ, Simmons DM, Swanson LW & Rosenfeld MG, 1990 , Dwarf
locus mutants lacking three pituitary cell types result from mutations in the POU-domain gene pit-1,
Nature, 347, 528-533.

www.euroasiajournal.org 202 Volume (10), Issue (28), Year (2023)



International Indexed and Refereed

Euroasia Journal of Mathematics, Engineering, Natural & Medical Sciences %’ $
ISSN 2667-6702 ,

Shareef, M., Basheer, A., Zahoor, ., & Anjum, A. A. (2018). POLYMORPHISMS IN GROWTH
HORMONE (GH) AND INSULIN-LIKE GROWTH FACTOR-1 (IGF-1) GENE AND THEIR
ASSOCIATION WITH GROWTH TRAITS IN BEETAL GOAT. Pak. J. Agri. Sci, 55(3), 713-720.

Mikawa, S., Yoshikawa, G. 1., Aoki, H., Yamano, Y., Sakai, H., & Komano, T. (1995). Dynamic
aspects in the expression of the goat insulin-like growth factor-I (IGF-I) gene: diversity in
transcription and post-transcription. Bioscience, biotechnology, and biochemistry, 59(1), 87-92.

Miller, B. H., & Gore, A. C. (2001). Alterations in hypothalamic insulin-like growth factor-I and its
associations with gonadotropin releasing hormone neurones during reproductive development and
ageing. Journal of neuroendocrinology, 13(8), 728-736.

Reinecke, M., & Collet, C. (1998). The phylogeny of the insulin-like growth factors.
In International review of cytology (Vol. 183, pp. 1-94). Academic Press.

Schibler, L., Vaiman, D., Oustry, A., Giraud-Delville, C., & Cribiu, E. P. (1998). Comparative gene
mapping: a fine-scale survey of chromosome rearrangements between ruminants and
humans. Genome Research, 8(9), 901-915.

Alakilli, S. Y., Mahrous, K. F., Salem, L. M., & Ahmed, E. S. (2012). Genetic polymorphism of
five genes associated with growth traits in goat. African Journal of Biotechnology, 11(82), 14738-
14748.

Qiong, W., Chao, F., Wu-Jun, L., Yi, F., & Shi-Gang, Y. (2011). A novel mutation at exon 4 of
IGF-1 gene in three indigenous goat breeds in China. Asian J. Anim. Vet. Adv, 6(6), 627-635.

Yeh, F. C, Yang, R. C., Boyle, T. B. J,, Ye, Z. H., Mao, J. X., Yang, R. C., ... & Ye, Z. H. (1997).
POPGENE, the user-friendly shareware for population genetic analysis.

Zhang, C., Zhang, W., Luo, H., Yue, W., Gao, M., & Jia, Z. (2008). A new single nucleotide
polymorphism in the IGF-I gene and its association with growth traits in the Nanjiang Huang
goat. Asian-Australasian Journal of Animal Sciences, 21(8), 1073-1079.

www.euroasiajournal.org 203 Volume (10), Issue (28), Year (2023)
/] g



