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Abstract---The study was conducted on a sample of 34 local goats in 

a private field of a breeder in Canaan sub-district / Diyala 
governorate. Laboratory work was conducted in the laboratory of the 

College of Agriculture - University of Diyala and the Office of Scientific 

Advancement - Al-Harithiya – Baghdad- Iraq for the period from 

13/11/2021 to 1/5/ 2022 with aim of studying the genetic 

polymprphism of the untranslated region (5-UTR) of the IGF-1 gene 
and its relationship to milk traits (daily milk production - DMY and 

total milk production - TMY)  and growth traits (birth weight -BWT, 

weaning weight -WWT and weight gain pre-weaning-WG). The results 

of the study showed a highly significant (P < 0.01) between the 

genotypes, as two genotypes of  5-UTR were observed, namely, GG 

and AG, with frequency distribution ratios of 91% and 9%, 
respectively, while the frequency of the G allele was more) 94%) 

compared frequency A allele (6%) in the studied sample. It was noted 

that there were highly significant differences (P < 0.01) between the 

genotypes of 5-UTR in the sample of the studied animals for daily and 

total milk production, as the genotype GG recorded the highest 
production for the daily and total milk production trait (0.343 and 

268.62) kg, respectively compared with the genotype AG (0.213, 

(167.02 kg) respectively. The results of the study also showed that 

there were non- significant differences between the genotypes in BWT 

and WG, while there were highly significant differences (P < 0.01) for 

WWT, as the genotype outperformed GG (14.39) kg on genotype AG 
(10.20) kg. 
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Introduction  

 

Goats are distinguished from farm animals in that their management and 

nutrition are simple, as well as their birth to twins, early sexual puberty, 

metabolic efficiency and long productive life, as well as their efficiency in using 

pastures and eating feed that other animals may not eat and its cheap price 
compared to sheep (Al-Qass et al., 1993). In Iraq, there are three breeds of goats: 

local black goats, mountain black goats and the miraaz goats (Al-Jalili et al., 

(1984). One of the main objectives of raising this animal is to produce meat by 

increasing the proportion of twins in births in the first place. The gene for insulin-

like growth factor (IGF-1) is a mediator of growth hormone (GH), which is one of 
the effective genetic markers for growth traits in farmed animals (Estany et al., 

2007). As many researchers turned to study the genetic polymorphism of genes 

and know their association with growth traits (Jade et al., 2011). IGF-1, in 

relation to the growth hormone gene, affects growth traits (Ge et al., 2001) IGF-1 

is also a mediator of many biological effects, for example it stimulates muscle 

formation, increases glucose uptake, increases fat synthesis, and stimulates 
progesterone production. In granulosa cells and interferes with cell proliferation 

(Yurnalis et al., 2017).  

 

The IGF-1 is secreted during the estrous cycle from the uterus in goats and its 

concentration in the blood plasma increases during estrus (Wathes et al., 1998), 
and that this secretion is positively affected by the secretion of insulin-like growth 

factor (IGF). Estrogen hormone, as it activates the secretion of IGF-1 from the 

uterus (Todd et al.,2010), and the latter is necessary for the secretion of (LH), 

which is at its highest level in estrus, as the number of estrogen receptors 

increases in the cells of the uterus, and through its association with it increases 

the mRNA formation of IGF-1 in utero (Wathes et al., 1998) and then increase of 
IGF-1 gene expression in utero independent of growth hormone (Jones and 

Clemmons, 1995). IGF-1 levels peak during the estrus phase coincides with the 

peak of the hormone LH that precedes ovulation and is higher than it during the 

luteal phase (Hashizume et al., 2000). It was found that the amount of feed intake 

affects the secretion of IGF-1 and its formation in the liver, and that the animal 
was exposed to poor energy nutrition for a period of one It was short in the 

beginning of the reproductive season and significantly affects the ovarian activity. 

 

Materials and Methods                          

 

The study was conducted on a sample of 34 local black goats in Diyala 
Governorate / Kanaan in the field of a goat breeder. Laboratory work was 

conducted in the laboratory of the College of Agriculture - University of Diyala - 

Iraq for the period from 11/13/2021 to 5/1/2022/ in order to determine the 

genotypes of the untranslated region (5-UTR) of the IGF-1 gene and its 

relationship to daily and total milk production (DMY and TMY) and growth traits 
(birth weight -BWT, weaning weight- WWT and weight gain pre- weaning WG). 

TMY of the studied goats for one production season was calculated based on the 

DMY, which was measured weekly for each a goat by manual milking method by 
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isolating the new-born from their dams at night and for a period of 12 hours from 

eight in the middle of the night until seven in the morning, in order for the goats 

to be milked in the morning depending on the morning circuit, and then TMY was 

estimated (ICAR, 2004), based on the following equation (Gootwine and Pollott, 
2000): 

 

TMY = (T1-T0) M1 + Ʃ11 (Tr – Tr-1) (Mr +Mr-1) / 2 

 

TMY = total milk production. 

 •T0 = date of birth. 

 •T1 = the date of the first measurement. 

 •M1 = the first measurement (amount of milk in kg). 

 •Tr = the date of measurement for that week. 
 •Tr-1 = measurement date for the previous week. 

 •Mr = the measurement in that week (amount of milk in kg). 

 

The weight of the dams at birth was taken on a scale of 150 kg. The WWT was 

measured after three months with a scale of (150 kg), and then WG was 
calculated through the difference between WWT and BWT according to the 

following equation: WG = WWT - BWT. Blood samples were drawn from the 

jugular vein, a 5 ml medical syringe was used after cleaning the jugular vein area 

and sterilizing the area with 70% ethyl alcohol. Until the DNA extraction process, 

DNA was also extracted from the blood according to the instructions of the 

diagnostic kit (kit) supplied by the Taiwanese company FAVORGEN. Primers of 
the IGF-gene were identified, which were used to multiply 5-UTR of IGF-1 gene 

with a size of 294 base pairs (Naicy et al., 2017) (Table 1). 

 

Table 1 

Primer sequences of position 5-UTR to IGF-1 gene 

 

Gene 

name 

Size  

(bp) 

 

Primer sequence position Annealing 

IGF-1 294 F:5-TGAGGGGAGCCAATTACAAAGC-3 

R: 5- CCGGGCATGAAGACACACACAT- 3 

5-UTR 55 

(Naicy et al., 2017) 

 

The required segment amplification program was also determined using PCR 
technique according to Table (2). Table (3) shows the reaction materials that were 

used to amplify the required segment of the IGF-1 gene, which has a size of 294 

base pairs. The genotypes of the studied region were determined using the SNP. 

 

Table 2 
Program of PCR technique 

stages Temperature  C Time No. of Cycles 

Initialization Denaturation 95 3 Minutes 1 

Denaturation 94 30 Seconds 
35 

Annealing 55 30 Seconds 
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Table 3 
PCR reaction mixture 

 

The data on milk production and growth traits were analyzed using the General 

Linear Model (GLM) method within the SAS (2012) statistical program according 

to the following mathematical model : 

 

Yijklm =    + Gi + Tj + Sk +Ml + eijklm 

 
Since: 

Yijklm: watch value m . 

μ: over all mean. 

Gi: Effect of Genotypes (GG and AG). 

Tj: effect of birth type j (single, twin). 
Sk: effect of sex of newborn k (male, female). 

Ml: effect of the month of birth  (November, December, January, February). 

eijkl: The random error, which is normally distributed with an average of zero and 

a variation of σ2e. 

 

The Chi-square-χ2 test was used to compare the percentages of the genotypes 
distribution of the studied gene mutation in 5-UTR and the significant differences 

between the means were compared using Duncan's test (1955). The law is below: 

Frequency of the first allele:  

  

2 × No. of Homozygous + 1 × No. of Heterozygous 
 

PA = ----------------------------------------------------------------- 

                           2 × Total number of sample 

As for the frequency of the second allele, it is according to the equation: 

qB = 1 – PA 

 
Results and Discussion                                                                  

 

The studied fragments of 5-UTR of IGF-1gene were amplified using PCR technical. 

The gene fragment (294 bp) as shown in Figure (1) with agarose gel (1%) and TBE 

1X buffer. 
  

Extension 72 30 Seconds 

Final  Extension 72 5 Minutes  

Chemical  material 
Master Mix  

(µl) 

Primer 

(µl) 

DNA 

Templet   

(µl) 

Distilled 

water 

(µl) 

Final 

volume (µl) 

Volume 12.5 
R-1 

F-1 
5 5.5 25 
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Figure 1. The product of the electrophoresis process of the 5-UTR region of the 

IGF-1 gene with agarose gel (1%) and TBE 1X buffer, as the size of the amplified 

piece was 294 bp 

 

Polymorphism of the 5-UTR of IGF-1  gene 
 

A mutation was identified within the site (A182G), as the base changed from A to 

G, which represents the homologous replacement mutation (Transition) (Fig. 2). 

The wild allele A and the mutant allele G were in the presence of two genotypes, 

GG and AG, and did not appear in the studied sample in 5-UTR of wild AA 
genotype. The results of this study were in agreement with what was stated by 

(Thomas et al., 2017) who observed the presence of two genotypes (GG) and AG) 

in 5-UTR in two breeds of Indian domestic goats (Attappady Black and AG). 

Malabari). In another study, two genotypes (GG and AG) were found in the region 

same (5-UTR) in two breeds of Chinese goats (Guanzhong and Xinony saanen) 

(Deng et al., 2010). In Sarda sheep, it was found that there are three Genotypes: 
GG, GA, and AA at position 857 (Di Stefano., 2017 and Sebastiano et al., 2020). 

Figure (3) shows the target segment sequence for the 5-UTR, where we find a 

change wild allele (A) to mutant allele (G) at sequence 182 (shaded in blue) from 

the beginning of the forward initiator (in yellow) and represents a homozygous 

substitution mutation of the purine base substitution A to the base of the purine 
G. 
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Figure 2. Genetic polymorphism of the 5-UTR within Site 182. 

 

TGAGGGGAGCCAATTACAAAGCTGCCTGCCCCTTTCCAGGTTCTAGGAAATGAG

ATCATTCCCCTCACTTGGCAACCAGGACGAGGGGTCATCCCAGCGCCGTCTTCC

AGTCTAGTTTACCCCAGTCGTTTGAGGGTTAAAATCATAGAGTATGCTTGAGATG
TCTTTTTTTCATTTCTTGTTTTTTAAATTTTGTCTTGGCTCTGGAATATAAAATTG

CTCACCCATCCTCCACGAATATTCCTTTCATACGGGTAAGGTGTATTAGCAGATG

TGTGTGTCTTCATGCCCGG 

Figure 3. Mutation site (A182G) of the PCR product sequence segment (294 base 

pairs) for the 5-UTR region of the IGF1 gene in goats (Capra hircus) (GenBank 
accession number: HQ731040.1). 

 

Distribution of genotypes and alleles frequencies of the studied region of 

IGF-1 gene  

 

The distribution ratios for the GG and AG genotypes were 91.0 and 0.09, 
respectively, and there were highly significant (P˂0.01) differences in the 

distribution ratios, while the allelic distribution for each of the G and A allele 

reached 0.94 and 0.06, respectively, from 5 -UTR of IGF-1 gene (Table 4), as the 

frequency of the G allele was high compared to the A allele in the studied sample. 

The increase of the G allele may be due to the number of animals in this study or 

to a non-direction selection of the G allele, which showed a clear relationship with 
the studied productive traits. which will be mentioned later. We find from the 

study ratios in agreement with a number of studies, as most of them indicated a 

higher percentage of GG genotypes compared to AG genotypes, as (Thomas et al., 

2017) indicated during his study on two Indian goat breeds that the frequency of 

GG genotypes amounted to 0.62% compared to AG genotype 0.38%. And (Deng et 
al., 2010) in a study on two breeds of Chinese goats (Guanzhong and Xinony 

saanen), with a higher percentage of GG genotype (0.64%) than AG genotype 

(0.36%). This is what was observed by (Sebastiano et al., 2020) in a study on 

Sarda sheep, where the percentage of genotypes CC 0.85 was the highest for the 
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rest of the structures CG and GG (0.11, 0.4), respectively. And (Di Stefano., 2017) 

in a study on the Sarda sheep breed, the genotypes GG, AG and AA were (0.89, 

0.10,0.01), respectively, while the frequency of the G allele was (0.94) and the 

frequency of the A allele was (0.06), and these percentages were identical to the 
allele ratios G and A in this study. 

 

Table 4 

 Number and percentages of genotypes and alleles frequencies for 5-UTR of IGF-1 

in local black goats 

 

Mutation 
site 

)5-UTR) 

)Genotype( number Percentage (%) alleles 
allele 

frequency 

A182G 
AA :Wild 0 0.00 A 0.06 

AG  :Hetro mutant 2 0.09   

 GG  :Homo mutant 32 0.91 G 0.94 

total  34 1.00   

 
 Chi-square 

value (χ2) 
--- 86.36   **  

) **P<0.01 (  

 

 

Relationship of the polymorphism of 5-UTR of   IGF-1 gene to daily and total 
milk production 

   

The study showed (Table 5) that the differences in 5-UTR were affected by highly 

significant differences (p<0.01) in both genotypes GG and AG, as the GG genotype 

outperformed the daily milk production ( DMY) and total milk production ( TMY) 
(0.343 and 268.62 kg), respectively. The reason for the increase in the expression 

of IGF-1 growth factor from the region of synthetic genes may be due to a 

mutation in the carcinoma region by shifting the base A to G, and that individuals 

carrying the mutant allele GG caused an increase in the expression of IGF-1 

during the estrous cycle, counterbalancing the individuals carrying one mutant 

allele (G). This increase in expression reflected positively on the daily and total 
milk production. As these results were consistent with several studies that 

recorded a significant superiority of genotypes in milk production, as (Di Stefano., 

2017) indicated a significant superiority (p <0.05) in 5-UTR for the daily milk 

production trait , as the composition outperformed The genotype GG (1.99 ± 0.52) 

on the GC and CC genotypes (1.64 ± 0.3, 1.58 ± 0.05) respectively in Sarda sheep. 
(Sebastiano et al., 2020) indicated the presence of three genotypes for the 5-UTR 

region (CC, CG, GG), which were significantly (P < 0.05) superior to the 

individuals carrying the CC genotype in three stages of daily milk production 

(1800, 1580 (1990) compared to the carrier individuals). This was contrary to 

what was observed by (Deng et al., 2010) on two Chinese goats (Guanzhong and 

Xinony saanen), as there were no significant differences in both genotypes GG 
and AG for the same region 5-UTR. The AA genotype did not appear in the studied 

sample.  
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Table 5 

Relationship of genetic polymorphism of 5-UTR of the IGF-1 gene in daily and 

total milk production 
 

Influencing factors number of 

animals 

mean ± SE 

genotype 33 DMY TMY 

 

GG 

 

31 

 

0.02±0.343 a 

 

 

16.55±268.62 a 

 

 

AG 
 

2 

 

0.01±0.213  b 

 

 

9.12±167.02 b 

 

Level of 

significance 

 ** ** 

 

The different letters within the column differ significantly from each other. 

DMY=daily milk production , TMY= total milk production ** (p< 0.01) 

 

Relationship of the polymorphism of 5-UTR of  IGF-1 gene to in growth 
traits 

   

The results of the current study showed that there were non- significant 

differences for the trait of body weight at birth (BWT) and weight gain pre- 

weaning (WG). While there were highly significant differences (P < 0.01) in 5-UTR 
of body weight at weaning (WWT) according to the genotypes of IGF-1 gene, as the 

WWT of the chicks carrying the GG genotype was higher ( 14.39 kg) of individuals 

carrying the AG genotype (10.20 kg) (Table 6). The reason for the increase in the 

expression of growth factor IGF-1 from the region of the synthetic genes may be 

due to a mutation in the studied region by shifting the base A to G, and that 

individuals carrying the mutant allele GG caused an increase in the expression of 
IGF-1 during the estrous cycle offsetting the individuals carrying one mutant 

allele (G) and this The increase in expression was positively reflected on the traits 

of WWT because it is related to BWT, knowing that WWT is one of the most 

important economic trats in goat breeding flocks, as it is the main determinant of 

weight when marketing and also reflects the ability of the mother to produce milk.  
 

The results of the study were in agreement with a number of studies in this field, 

as(Thomas et al., 2017) indicated in a study on two Indian goats that the insulin-

like growth factor (IGF-1) gene is a member of the somatic axis and plays a major 

role in cell proliferation and differentiation in the growth of The fetus as well as 

postnatal growth, where it was significantly (P<0.05) superior to the individuals 
carrying the genotype GG (31.86 kg) in WWT compared to the individuals carrying 

the genotype AG (29.56 kg) in the Attappady Blak breed, and it did not show 

significant differences in WWT in Malabari breed. As well as what Bayraktar et al ( 

2021) reported, where there were significant (p < 0.05) differences in WWT in the 

Iraqi Hamdania sheep breed, where the genotypes AA and BB gave a higher WWT 
(23.72 and 23.59 kg) respectively compared with the genotype AB (22.98) kg. 

While there were no significant differences in WG between the three genotypes 

(BB, AB, AA). 
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Table 6 

Relationship of genetic polymorphism of 5-UTR of the IGF-1 gene to growth traits 

 

Influencing 

factors 

number of 

animals 

mean ± standard error                          

Genotype   
33 

BWT WWT WG 

GG 31 0.09±2.83 a 

 

a 0.80±14.39 

 

1.10±12.25 a 

 

AG  

2 
 

0.50±2.50 a 

 

 

b 1.10±10.20 

 

 

0.60±7.70  a 

Level of 

significance 

 ns ** ns 

 
Different letters within the column differ significantly from each other ** (p < 

0.01), NS (non- significant). 
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