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Abstract

Indigenous chickens provide large proportion of quality protein in human diet in terms of meat and eggs.
Indigenous chicken are reared under the free range system. Commercial chickens produce much more meat
and eggs; but the meat and egg quality has been affected in terms of taste, flavor and micronutrients.
Indigenous chickens are largely unexploited and have ecotypes capable of producing more meat and eggs.
Cross-breeding of indigenous chickens with exotic chickens to increase meat and egg production has led to
genetic erosion thus loss of important production traits. This research characterized functional polymorphisms
of two candidate genes associated with meat and egg production in the indigenous chicken. DNA was extracted
from 96 unrelated chickens sampled from three populations not involved in the initial cross-breeding
improvement program: TransNzoia, West Pokot, Turkana, Marsabit and Lamu counties. The presence of
Prolactin gene and Insulin growth like factor 1 gene were amplified using an optimized PCR protocol.
Electrophoresis was then carried out on the PCR products on a 2% Agarose gel and the bands viewed under a
UV light. The band size for prolactin gene was found to be 130bp and 154 bp while for IGF-1 gene was found to
be 813 bp .These two genes were sequenced and polymorphisms identified. Prolactin gene was found to have a
24bp INDEL while IGF-1 was found to have point mutations and INDEL's. This is the first study in Kenya to
sequence production traits genes of indigenous chickens. Analysis of the production traits will be used for
molecular breeding work and be adopted by the national poultry breeding programs to increase quality meat
and egg production in indigenous chicken.
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1.0 Introduction

Indigenous chicken is one of the most important livestock worldwide because it provides a large proportion of
protein in human diet in terms of eggs and meat. Chickens have also been used for ornamental purposes (e.g.
silkie or bantams) and entertainment (e.g. gamecocks used for cock fighting) (Magothe et al 2012). In the
Kenyan census which was carried out in 2009, results showed that the population of poultry is about 32 million
and out of these, almost 70% are indigenous chicken whereas the commercial and hybrid constitute about 20%
(Oparanya 2010), the remaining 10% comprises the other poultry such as turkeys, ducks, geese, quails, ostrich,
pigeons and guinea fowls FAO (2007).Most of the indigenous chicken are kept by the majority rural poor to
fulfill multiple functions among them supply of cheap affordable protein in their nutrition and source of income
FAO (2007).

Several candidate genes associated with egg production in chicken have been studied and they include;
gonadotrophin releasing hormone-1 (GnRH-I), neuropeptide Y (NPY), dopamine D2 receptor (DRD2), vasoactive
intestinal polypeptide (VIP), VIP receptor-1 (VIPR-1), and prolactin (PRL). Among these genes prolactin (PRL)
has been widely studied giving room for comparative study. As compared to the other genes it has been found
to have a strong association with meat production, since they are polygenic traits some genes have got a strong
effect than others as in the case of PRL.

Prolactin gene promoter is highly polymorphic, and has significant effects on egg quality traits in White Leghorn
hens (Liu et al., 2010). The elevation of egg production and the inhibition of incubation behavior are the aims
of modern poultry production. Prolactin (PRL) gene is confirmed to be critical for the onset and maintenance of
these reproductive behaviors in birds. The prolactin gene promoter is highly polymorphic, and has significant
effects on egg quality traits in White Leghorn hens (Bhattacharya et al., 2011).

Several candidate genes associated with meat production in chicken have been studied and they include:
Spot14a gene, Stat5B gene, Insulin-like growth factor binding proteini (IGFBP1), Insulin-like growth factor
binding protein 2 (IGFBP2), Insulin-like growth factor binding protein 3(IGFBP3) and Insulin-like growth factor |
(IGF-1). Among these genes Insulin-like growth factor | (IGF-I) has been widely studied giving room for
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comparative study. As compared to the other genes it has been found to have a strong association with meat
production, since they are polygenic traits some genes have got a strong effect than others as in the case of
IGF-I. Insulin-like growth factors (IGF) consist of a family of polypeptide hormones structurally associated with
insulin with multiple metabolic and anabolic functions (Zhou et al., 2005).

The IGF-1 stimulate the proliferation, differentiation, and metabolism of myo-genic cell lines from different
species. The IGFs have been shown to regulate body and muscle growth in chicken. The IGF1 gene may play
important roles in growth of multiple tissues, including muscle cells, cartilage, and bone. Chickens with high
circulating IGF-1 mRNA levels have got a high growth rate line (Zhou et al., 2005).

2.0 Materials and Methods

2.1  Study Area

This study was conducted in TransNzoia, West Pokot, Turkana, Marsabit and Lamu counties. These were the
preferred study sites since some of these areas were not adversely affected by the cockerel and pullet
exchange programme. (Table 1)

Table 1: Summary of sampled locations

County Number of samples
TransNzoia 13
West Pokot 18
Turkana 10
Marsabit 23
Lamu 32
TOTAL 96

2.2  Sample Collection

Blood samples were collected from 96 genetically unrelated chickens and stored at JKUAT metadata base from
Lamu, Turkana, TransNzoia, West Pokot, Marsabit counties and reference populations. Blood was collected
from the wing vein of chickens and spotted on FTA cards. Genomic DNA was extracted from air dried blood
preserved on FTA classic cards (Whatman Biosciences) using the manufacturers’ protocol. The blood was drawn
from several populations. Each population comprised of 24-32 individuals per population following the
recommendations of (Hale et al., 2012).Two mature birds were sampled per flock and the sampling strategy
and characteristics of the sampling locations was employed.

2.3 Pcr Amplifications

Reverse and forward primers were designed based on the SNP’s of the candidate genes. . The relevant PCR
primers (forward: 5’ -CATTGCGCAGGCTCTATCTG-3’; reverse: 5’ reverse: 5’ TCAAGAGAAGCCCTTCAAG-3’) and
Prolactin gene the primers used were forward primer TTTAATATTGGTGGGTGAAGAGACA, reverse primer
ATGCCACTGATCCTCGAAAACTC. PCR amplifications was carried out in 25 pl reaction volumes containing 20 ng
genomic DNA, 2 X PCR buffer (100 mM Tris-with 0.1% SDS at pH 8), 2.5 mM of each dNTP, 20 pM of each
primer and 1 unit of dream Taq Green Master Mix 2X (Promega, Madison WI, USA). Thermocycling conditions
were; 94°C (3 min), 35 cycles of 94°C (1 min), 58°C (1 min), 72°C (2 min) and a final extension step at 72°C (10
min).

2.4  PCR Purification
PCR products were purified using the Wizard SV Gel and PCR Clean-Up Kit (Promega, Madison WI, and USA).
Purified products were sequenced directly.

2.5 DNA Sequence Analysis
Direct sequencing was done using the Sanger technique that was able to amplify up to 1000bp. Chromas Lite
version 2.1 (2012), was used to Edit the sequences and CLUSTAL X (2.0) was used to perform the alignment.

2.6  Ethical Clearance

This study got a no objection for the research under the permit number “RES/POL/VOL.XXVII/162” from the
Ministry of Agriculture, Livestock and Fisheries state department of veterinary services.
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3.0 Results
3.1 Insulin-Like Growth Factor 1 Gene Candidate Gene for Meat Production in Chicken
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Figure 1: PCR amplification gel image of the Insulin-like growth factor 1
gene of chicken. Lane 1-6 this are the chicken samples.

The amplified product was 813bp an indication that the amplicon was IGF-1.This has been shown to be the
case in different studies that showed the same size for igf-1 (Zhou et al., 2005).
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Figure 2 : Polymaorphism in the sequence chromatograms of IGF-1 gene.
Shown by substitution mutation of Gand T at 230bp.

The chromatograms upon editing manually using Chromas Lite 2.0 X software a point mutation of G and T was
found and this was denoted by K according to the software. It was a SNP that showed evidence of
polymorphism in the IGF-1 gene as shown in other studies (Eman M. Goudaa and Gamal S. Essawyb 2010)
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Figure 3:Multiple sequence alignment showing the substitution
point mutation of Gand T at 230 base pair. Clustal X version 2.1.

Upon alignment using Clustal X software this confirmed the presence of the point mutation at 230 bp.
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Figure &:Multiple sequence alignment showing insertion deletion mutations
along the iGF-1gene in chicken

There were several insertion deletion mutations along the IGF-1 gene as shown in figure 4 above indicating
polymorphisms in the gene.

110



The 2015 JKUAT Scientific Conference Basic and Applied Sciences

3.2  Prolactin Gene Candidate Gene for Egg Production in Chicken
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Figure 5: PCR amplification gel image of the prolactin gene of chicken.

Lane 1-7 this are the chicken samples.
The amplified products were 130bp and 154bp an indication that the amplicon was prolactin gene. The gene
had a 24 bp insertion deletion mutation as it has been shown to be the case in different studies that showed

the same size for prolactin (Liu et al., 2010).
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Figure & : Polymorphism in the sequence chromatograms of PRL gene.

Shown by insertion deletion mutation of 24bp.
The chromatograms showed 24bp insertion deletion mutations along the PRL gene a suggestive indication of

polymorphisms in the gene.
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Figure 7:Multiple sequence alignment showing the 24 bp
Insertion Deletion mutation on the PRL gene.
Clustal X version 2.1.

The 24 bp Insertion Deletion mutation was seen after the multiple alignment of the sequences indicating
polymorphisms

4.0 Discussions

4.1 IGF-1 GENE

Amplicons of the expected sizes were obtained from the different chicken DNA samples. These were
approximately 813 bp in size as predicted by the published chicken sequence (Fig. 2). The amplicons exhibited
polymorphism upon sequencing, editing and analysis of the sequences evidently shown by the chromatograms
and alignments (Fig 2, 3, 4) The SNP’s were well distributed in the populations sampled an indication that IGF-1
gene is a highly polymorphic gene (Zhou et al., 2005).

Lamu county had the highest point mutations of G/T of 55% of the population while TransNzoia had the

lowest point mutations of 36% of the population, West Pokot, Turkana and Marsabit had 43%,40%,395
respectively G/T point mutations. While the distribution of the insertion deletion mutations were on a half to
half distribution among the different counties.

4.2 PRLGene

Amplicons of the expected sizes were obtained from the different chicken DNA samples. These were
approximately 130 bp and 154 bp in size as predicted by the published chicken sequence (Fig. 5). The
amplicons exhibited polymorphism upon sequencing, editing and analysis of the sequences evidently shown by
the chromatograms and alignments (Fig 6, 7)(Liu et al., 2010;Cui et al 2006).

All the counties had a high number of 24 bp Insertion mutation with Lamu having the highest number of 65.6%
and Turkana the lowest with 3.2% The deletion mutation was low and Lamu had only 18.75% while Marsabit
and TransNzoia had 9.3%.

From the research it may be stated that prolactin gene is highly polymorphic and the SNP’s are the functional
polymorphisms for egg production traits.(Bhattacharya et al., 2011)

5.0 Conclusion

The study was able to assess polymorphisms on the IGF-1 gene as the candidate gene with increased meat
production in indigenous chickens in Kenya. The study was also able to assess polymorphisms on the prolactin
gene as the candidate gene with increased egg production in indigenous chickens in Kenya.

6.0 Recommendations

The polymorphisms obtained at the candidate genes will be useful markers that can be adopted and
implemented by the national poultry breeding programs to design a selective molecular breeding tool. This
approach should select for high meat and egg producing indigenous chickens hence in the long run will enable
food security. Findings from this research should direct further research to investigate all of the above factors.
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