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Abstract 
The present study was conducted to identify genotypes of insulin- like growth factor (IGF-I) and its 

relation with chemical analysis of the body of common carp of common carp Cyprinus carpio in Al-

Radhwaniyah Fish reservoir (Baghdad). Genotypes of insulin like growth factor was identified using 

restriction fragment length polymorphism (RFLP) in specified mutation in the site 3759T > G. Results of 

statistical analysis on chemical analysis of the body showed significantly effect of moisture and protein 

(p< 0.05) due to variation of genotypes. Heterozygous genotype (TG) achieved the highest rate of 

moisture (82.50±0.17%) whereas wild genotype (TT) recorded 79.55±0.17%. TT genotype had achieved 

the highest protein rate 15.95± 0.80% and also excelled significantly (p< 0.05) compare with GT 

genotype which reached 9.65±0.60%. Lipid and ash did not affected significantly by any genotypes. The 

present study conclude that the possibility of credibility upon polymorphism in insulin like growth factor 

as assign for chemical composition of fish body and select them to be parents for coming generation.  
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1. Introduction 

Molecular genetics has played important role in breeding of the aquatic organisms through 

application of genetically modified technology to change fish gene in order to promote 

important production characteristics commercially such as growth rate and disease resistance 
[1]. Genetic technology has used growth hormones by using genetic modification because 

production costs in aquaculture projects depended upon time, which will reduce these costs, 

obtaining healthy animals, reduce the exposing to dangerous diseases and predators whereas 

the traditional methods of selection were responsible for great improvement in growth rate, but 

with slow progress relatively [2]. 

Insulin like growth factor (IGF-I) is known as somatomedin C which is peptide multi-hormone 

plays focal role in growth and development of vertebrates [3]. IGF-I consisted of 70 essential 

peptide amino acids, and contains three internal chains of disulfate [4]. Insulin like growth 

factor (IGF-I) is mainly manufactured in liver by stimulation of growth hormone (GH). It 

flows through the blood stream and reach all targeted tissues in order to perform its function 

effectively by manufacturing of growth hormone - releasing hormone (GHRH) from 

hypothalamus, then flow to the pituitary gland by receptors located on the surface secreting 

growth hormone which directed towards the receptors in all parts of the body such as hepatic 

glands that is enriched with GH receptors, and when it is reaching liver it will start 

manufacturing IGF-I [5]. But there is general agreement that the concentration of IGF-I in 

serum effects on the releasing of GH from anterior pituitary gland by feedback mechanism for 

definite inhibition of genetic transcription and secreting of growth hormone (GH) [6]. 

Insulin like growth factor (IGF-I) played an important role in cells reproduction, 

differentiation and functional formation of fish immunity system [7]. Most studies of last 

decade on fish focused on revealing identity of IGF in different species of fish, improving the 

blood properties or Peptide tissue levels (mRNA or IGF-I), variables measurement of IGF-I in 

blood and IGF-I tissues, its response to different nutrition conditions, season and control 

evaluation upon production of IGF-I by other endocrine gland such as thyroid [8] or estrogen [9].  

IGF-I in fish did not only relate with growth, but also with metabolic process [10], development 
[11], reproduction [12] and osmoregulation in marine fish [13]. 

The objective of the present study was to determine genetic morphology, polymorphism in the  
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insulin-like growth hormone gene in a common carp fish 

sample and the allele frequency calculation with a number of 

physiological traits that have a direct impact on fish health 

and growth. 

 

2. Materials and Methods 

2.1 Study area details  

The present study was performed in Al-Radhwaniyah fish 

reservoir in Baghdad, for the period from 15/10/2016 until 

5/2/2017. 95 samples of C. carpio were collected and reared 

in concrete basins of 7*3* 1.2 meter for 110 days. Fish were 

fed on commercial diet containing 26.8% proteins, 1.5% Fats 

and energy of 3165 Kilo calorie. The fish were numbered by 

planting the figure near the pectoral fin of each fish.  

 

2.2 Extraction of DNA and Polymerase Chain Reaction 

One ml of blood was collected from the heart muscle of all 

trial fish. These samples were collected in EDTA tubes and 

kept in freezer (-18 ºC) for DNA extraction by using DNA 

extraction kit (Geneaid, korea). They adopted method of 

Sambrook et al. [14] for Electrophoreses, it specimen 

transferred by electricity power of 70 Volt and current of 

40mA for one hour. Results were filmed by photo 

documentation system. 

Primer was selected for molecular detection and identifying 

polymorphism for genes and mutation in IGF-I gene 

according to Feng et al. [15] Primer was provided by Korean 

pioneer company and its sequences showed in Table 1. Primer 

works according to specific conditions as in the following:  

Initial denaturation at 95° C°, one cycle for 4 minutes, 

Denaturation at 94° C°, 35 cycle for 30 seconds for single 

cycle, Annealing at 56° C°, 35 cycle for 30 second for single 

cycle, Extension at 72° C°,35 cycle for one minutes, Final 

Extension at 72° C°, single cycle for 5 minutes. 

 
Table 1: Sequence of the primer used and the area covered by the 

insulin-like factor growth hormone gene 
 

Sequence region Gene 
F:5 GCACAATGGCTCAAGGAAGT 3 Second 

Intron 
IGF-I 

R:5 GTTTGTATCTGGGGAATGGG 3 

 

2.3 Chemical Analysis 

Chemical analysis was taken after growth experiment in 

nutrition research institute. Ministry of health depending upon 

A.O.A.C [16]: 

1. Moisture content: Moisture content was estimated 

through drying the samples upon (105) temperature till 

firmness of weight. 

2. Protein content: protein content was rated by using 

microkjeldahl which digest given weight from the sample 

with the existence of concentrated H2So4 distilling with 

boric acid, then subjected to mixing process with 

hydrochloride acid (0.1N) to identify nitrogen amount 

with will multiplied with the factor 6.25 to rate protein 

percentage in the sample. 

3. Fat content: Fat content was estimated by using Soxhlet 

apparatus device with the existence of hexane as organic 

solvent in order to heat fish samples for 16 hours. 

4. Ashes content: ash content was estimated by burning of 

the samples in muffle furnace 550 c temperature for four 

hours. 

 

2.4 Statistical analysis 

Statistical Analysis System was used in data analysis SAS 

(2012) [17] according to complete randomized design (CRD) 

using the general linear model (GLM) and Duncan multiple 

range test [18] was used to compare the means between 

genotypes at a significant level (p > 0.05).  

 

3. Results and Discussion 

3.1 Polymerase chain reaction – PCR 

Fig. 1 refers to the extracted fragment from IGF-I gene, 

results of electrophoresis showed the required fragment which 

amounted 1061 bp after amplifying by Polymerase Chain 

Reaction (PCR), The sample used consisted of 5 microliters 

migrated mergers and the dye was loaded within 1 hour, with 

a voltage of 70, 40 m. Amber, then the result was filmed by 

photographic documentation placed with DNA fragments of a 

specific size marker to ensure successful extraction, and these 

results are agree with the primer designed according to Feng 

et al [15] in terms of the required bundle appearance which 

amounted 1061 bp in his study on common carp. 

 

 
 

Fig 1: Extracted fragment from insulin like growth factor of 

hormone gene 

 

3.2 Genotypes in insulin like hormone gene using RFLP 

Technique 

Genotypes in insulin like hormone gene in carp were 

identified by using Restriction Fragment Length 

Polymorphism(RFLP) with the existence of the Restriction 

enzyme BstEll (Eco9ll) and the product was migrated by 

agarose gel 1.5 % for one hour and half and adjust the voltage 

70 volt, 40 m. Am with marker (100 – 3000 bp) as in Figure 

2. 

 

 
 

Fig 2: Bundles formed after the BstEII enzyme restriction process to 

determine the genotypes of IGF-I gene 

 

Restriction was performed with BstEll, enzyme, where 

identifying the sensitive location within a specific sequence of 

cutting location, cutting is done in 3759 T<G location of the 

second Intron (accession no. AF465830,1) where indicates of 

two bundles the first was 913 bp and the second 148 bp in 

size followed the wild genotype (TT), where cutting was 

performed in both Alleles (no mutation in both Alleles), as for 

existence of three bundles (19061,913,148 bp) implies the 

Heterozygous genotype (TG), existence of mutation in one 
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Allele (changing the nitrogenaes base T to G in one Allele) 

and there existed one bundles of 1061 bp in size, that implies 

symmetric homozygous genotype (GG) containing the 

mutation in both Alleles. 

 

3.3 Distribution of IGF-I gene genotypes in common carp 

Table 2 demonstrated numbers and percentages of fish 

genotypes distribution, where they were amounted 69.47 % 

for fish carrying TT genotype, 29.47 % for fish carrying TG 

genotype and 1.06% for fish carrying GG genotype with 

significant difference between genotypes. 

 
Table 2: Numbers and percentages of genotypes and the allele 

frequency of IGF-I gene in common carp. 
 

Genotype the number Percentage (%) 
TT 66 69.47 

TG 28 29.47 

GG 1 1.06 

Total 95 100% 

Chai square value (χ2) --- 10.735  **  

 

Results of statistical analysis (Table 3) showed existence of 

significance differences (p>0.05) in moisture percentage with 

the genotypes difference, whereas, the TG genotype recorded 

82.50% and 79.55 % in TT genotype. As for body protein 

percentage, the TT genotype achieved higher value amounted 

15.95% while lower value in TG genotype and amounted 

9.65% with significance differences (P>0.05) between 

genotypes. TG genotype recorded fat percentage 3.90 % 

higher than TT genotype amounted 3.75% with no 

significance differences, As for ash, results were 1.78 and 

1.57 % in TT and TG genotype, respectively no significance 

differences were recorded.  

 
Table 3: Chemical composition of the body components in common 

carp (standard error ± average). 
 

Adjective 

)%( 
Genotype 

TT TG Moral level 

Moisture 0.17  ± 79.55 B 0.17  ± 82.50 A * 

Protein 0.80   ± 15.95 A 0.60   ± 9.65 B * 

Fat 0.25±3.75 A 0.36±3.90 A N.S 

Ash 0.35   ± 1.78 A 0.09   ± 1.57 A N.S 

The averages with different characters within the same row differ 

significantly between them. 
*Significant (P<0.05): N.S. not significant 
 

The chemical structure is affected by external factors 

including environment, nutrition system and interior 

conditions including genetics and could be associated with 

six, age and size [19]. The body liquids are considered mean 

for food transfer and metabolism, water is the main element in 

these liquids and it is required for natural performance for 

many biological and protein molecules could maintain their 

original shape and the usual functions with water existence. 

Water percentage in body is different largely where moisture 

percentage in fish bodies between 70 – 80% available in two 

shapes of tissues either connected to proteins or free and there 

existed inverse relation between water and fat contents in fish 

that total percentages for the two almost 80% [20] and fat 

included large collection of composites and fat identifies that 

they are part of any biological material able to be extracted by 

low polarized solvents and in case of fish tissue. Fat contents 

along chain of amino acid. similar to that smaller percentage 

of other components, and in many of fish types there existed 

fat accumulation during nutrition season and decrease during 

lay egg, As for fat fish such as the sardines and herring, the 

main location for storing fat is muscles [21]. Storing energy in 

animals basically in fat when the existed available energy 

from food stored as fat and used during periods of decreasing 

the available energy in the body and store either in liver or in 

some cases in fatly tissues [22] the significance increase which 

the current study results in body protein related to the great 

role played by the hormone to form muscles thus the occurred 

mutation has an effect to decrease the protein in fish carrying 

it and could achieve economic and nutritional benefits via 

increasing the protein percentage in the body and its influence 

on the consumer. As for decrease of moisture in fish carrying 

the TT genotype, is a natural product of increasing the protein 

and there is revers relation between the protein and moisture 

in the body [23].  

 

4. Conclusion  

The present study results revealed polymorphism features in 

the insulin-like growth factor gene in common carp fish using 

the BstE11, enzyme, in the SNP identified at site T <G 3759. 

The values moisture and protein of were significantly affected 

(P <0.05). The moisture showed TG higher values than the 

wild structure, while the wild structure protein showed higher 

value than the hybrid structure. Their concentrations of ash 

and ash were not affected by different genotypes. 
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