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ABSTRACT

GROWTH HORMONE (GH) GENE POLYMORPHISMS
IN NORDUZ SHEEP

MAHMOOD, Rasul Mahommed
M.Sc.Thesis, Department Animal Sciences
Supervisor: Assist. Prof. Dr. Hasan KOUYN
April 2018, 48, pages

Genetic markers and their applications to animal molacular genetics have
commonly been used to determine polymorphisms. Restriction Fragment Length
Polymorphism (RFLP) is a molecular method of genetic analysis exploiting variations
in homologous DNA sequences, consequently being considered as one of the
informative genetic markers.The growth hormone (GH) gene plays major roles in
growth regulation and development of higher organisms and the growth traits are
complex traits involving multiple genes, loci and interactions. The aim of the research
was to detect GH polymorphisms in Norduz sheep. Genomic DNAs were isolated from
blood samples of Norduz sheep and GH1 primers based on the 5 ‘flanking sequence of
the sheep GH1 gene (Gene Bank Accession Number: D00476) designed by (Hua et al.,
2009) and GH gene designed by (Kuulasma, 2002) were amplified. The amplified PCR
product with the length of 422 bp for GH1 locus and 934 bp for GH locus. Both loci
were digested with Haelll restriction enzyme and the results displayed the presence of
GH1/Haelll homozygous AA genotype with fragments 366 bp and 56 bp and
heterozyogous AB genotype with fragments 422 bp and 366 bp. However, homozygous
BB genotype did not appear. Considering GH/Haelll digestion, all expected genotypes
AA, AB, BB were detected. Additionally, the population under investigation did not
exhibite to be in Hardy-Weinberg equilibrium (HWE) for both loci. The present study
concluded that GHland GH/Haelll could be used as a genetic marker in sheep for

growth characters.

Keywords: Growth hormone, (GH1 and GH) genes, Haelll digestion, Norduz
sheep, PCR-RFLP.






OZET

NORDUZ KOYUNUNDA
BUYUME HORMONU (GH) GENI POLIMORFiZMLERI

MAHMOOD, Rasul Mohammed
Yksek Lisans Tezi, Zootekni Anabilim Dali
Tez Danismani : Dr. Ogr. Uyesi Hasan KOUYN
Nisan, 2018, 48, sayfa

Genetik belirtecler ve bunlarin hayvan molekiiler genetigine uygulamalar
yaygin olarak polimorfizmleri belirlemek i¢in kullanilmaktadir. Siirli Par¢ga Uzunlugu
Polimorfizmi (RFLP), homolog DNA dizilerindeki varyasyonlar1 kullanan bir genetik
analiz molekilu yontemidir ve bilgilendirici genetik belirteglerden biri olarak kabul
edilmektedir. Biiyiime hormonu (GH) geni canlinin bilyiime ve gelisiminde 6nemli rol
oynar Arastirmanin amact Norduz koyunlarinda GH polimorfizmini tespit etmektir.
izole edilen koyun genomik DNA’sinda Biiyiime hormaonuna etkiyen 422 bp uzunluklu
GH1 (Hua ve ark., 2009) geni ve 934 bp uzunluklu GH (Kuulasma, 2002) genleri PCR
ile cogaltilmis ve Haelll kesim enzimi ile kesilmislerdir. Buna gore GH1 lokusunda
fragmanlar1 366 bp ve 56 bp olan AA genotipi ve 422 bp ve 366 bp'lik fragmanlara
sahip heterozigot AB genotipi Ancak homozigot BB genotipi goriilmemistir. Ayrica GH
lokusu i¢in her U¢ genotipte AA, AB, BB saptanmustir. Arastirilan surii popilasyonun
her iki lokus icin Hardy-Weinberg dengesinde (HWE) olmadiklar tespit edilmistir. Bu
calisma da GH1lve GH / Haelll' nin blyime karakterleri icin koyunlarda genetik bir

marker olarak kullanilabilecegi sonucuna varmustir.

Anahtar kelimeler: Buyime hormonu, (GH1 ve GH) geni, Haelll sindirim,
Norduz koyunu, PCR-RFLP,
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1. INTRODUCTION

Sheep keeping is one of the important activities in livestock farming not only in
Turkey but also all around the world in term of economically producing red meat, milk
and fleece. There are 629 sheep breeds (Ovis aries) currently maintained in the 52
European countries and 233 maintained in the Asian and Pacific countries (FAO, 2008).
In many developing countries, there are a number of indigenous sheep genotypis that
represent unique. They were classified on the bases of morphological characteristics and
were given local names (Galal et al., 2005). Sheep and goat play an important economic
role and make a significant contribution to both domestic and export markets through
provide of food (meat and milk) and non-food (manure, skin and wool) products
(Alvarez et al., 2009;Duguma et al., 2011). Although sheep and goat plays a significant
role in national economy of the country to date the benefit obtained from these livestock
are hampered by different challenge (Jilo et al., 2016; Abdela ., 2016). The Eastern
Anatolian region has low vegetation period, drought and harsh climate. Therefore, these
conditions enforce farmers to livestock production, such as small ruminant production
(Karaca et al., 1990). Norduz sheep is a type within Akkaraman breed. Norduz sheep is
raised in region called “Norduz” in Giirpinar, Van Norduz sheep are generally white,
but grey, grey-white, brown white Norduz sheep can also be found. Different parts of
body, especially head, chest and legs can have black spots. Norduz sheep generally have
long legs, and its neck is covered with fleece. Tail consists of three parts, and middle
part is longer (Bingdl, 1998).

Genetic polymorphism arises from mutation. It refers to the different in DNA
sequence among individuals. groups or population and can be caused by mutations
extending from a single nucleotide base change to variations in several hundred bases
(Yahyaoui, 2004). In a formal sense, There are only two kinds of polymorphisms; those
due to additional of DNA bases and those due to insertion or deletion of pairs. The
humblest kind of genetic polymorphism is the single nucleotide polymorphism (SNP).
A position is referred to as an SNP when it exist in interest two variants, being the
seldom allele more abundant 1% in the general population. Other kind of genetic
polymorphism result from the insertion or deletion of a section of DNA, which include



repeat sequence (mini and microsatellites)and gross genetic losses and rearrangement
(Yahyaoui, 2004). In addition, other molecular techniques such as polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) are used in animal
breeding domain as a powerful tool with the aim of providing breeders with the
opportunity to carefully identify better animals immediately (Zhang et al., 2013). RFLP
as a technique analyzes variable lengths of DNA fragments result from digesting a DNA
sample with specific enzymes. This enzyme, so called a restriction endonuclease, breaks
DNA at a specific sequence pattern known as a restriction endonuclease recognition site
(Chages et al., 2007).

GH is a polypeptide hormone synthesized and secreted by acidophilic or
somatotropic cells of the anterior pituitary gland. It was first discovered by Evans and
Long in 1921 in the extracts of the anterior pituitary which can promote growth and
maturation (Evans and Long, 1921). Therefore, the GH gene, with its functional and
positional potential, has been widely used as a marker in several livestock species.
Several polymorphisms of the caprine GH gene have been identified. Moreover, exon-4
and exon-5 accounted for the higher diversity and can be correlated with growth
performance of animal (Malveiro et al., 2001; Marques et al., 2003; Gupta et al., 2007;
Gupta et al., 2009; Hua et al., 2009; Mousavizadeh et al., 2009; An et al., 2010;
Wickramaratne et al., 2010). Growth hormone (GH) has been used as a functional and
positional candidate gene in genotype to phenotype association studies in several
species, including bovines (i.e., Bos Taurus and Bos indicus) and Homo sapiens (Ge et
al., 2003; Beauchemin et al., 2006; Rudd et al., 2006). There are several genes that
influence the growth and body size of the animal. Growth hormone gene (GH), growth
hormone receptor (GHR) and Insulin-like growth factor-1 (IGF-1) genes have been
identified as the major genes in this biological process (Ge et al., 2000; Ge et al., 2003).
It is a polypeptide hormone of about 22kDa molecular weight, composed of 190 or 191
amino acids (Ayuk et al.,, 2006). Growth hormone contains many metabolic and
physiological actions (Rahbar et al., 2013). Moreover, the Growth hormone (GH) is
single polypeptide chain protein hormone that is synthesized and secreted by the
anterior pituitary eosinophils cells in vertebrates (Chen et al., 2002). The GH can

accelerate metabolism and promote growth of many organs and tissues, especially the



bone, muscle, and visceral organs (Ikonen et al., 2001). The GH gene has a direct effect
on the synthesis and secretion (Gadelha et al., 2012).

Molecular genetics has lead to the discovery of individual genes or candidate
genes with substantial effects on the traits of economic importance. Candidate gene
strategy has been proposed by direct search for quantitative trait loci (QTL)
(Mehmannavaz et al., 2012). Molecular markers usually do not have any biological
effect. Instead, they can be thought of as constant landmarks in the genome. They are
identifiable DNA sequences, found at specific locations of the genome, and transmitted
by the standard laws of inheritance from one generation to the next. They rely on a
DNA assay, in contrast to morphological markers that are based on visible traits, and
biochemical markers that are based on proteins produced by genes (Ruane et al., 2007).
The molecular marker systems allow high-density DNA marker maps through many
markers of known location which are interspersed at relatively short intervals
throughout the genome, to be constructed for a range of economically important
agricultural species, thus providing the framework needed for eventual applications of
MAS (Dekkers, 2004). stated that the benefits of MAS to sheep breeding programmes
depend on a number of conditions that are relevant for most breeding programmes
across species. These conditions include the existence of a genotype test predicting
phenotypic differences, the economic value of these differences and the value of the
genotypic information within the breeding programme. The value of genetic
information will depend heavily on the socio-economic context of the breeding
programme and the production system. In a technical sense, the value of this
information is basically driven by the increase in selection accuracy resulting from
knowledge of genotypes, which in turn will differ between animals from different age
classes. In particular, the relative increase in selection accuracy of the youngest
selection candidates will be critical to the value of MAS. However, technical arguments
about increased selection accuracy are of little value if these selection criteria are poorly
developed or accepted within the production system (Van der Werf, 2007).

The growth hormone (GH) gene plays major roles in growth regulation and
development of higher organisms and the growth traits are complex traits involving

multiple genes, loci and interactions. The aim of this research is to detect



polymorphisms of GH related genes (GH1 and GH) in Norduz sheep born in the same

season.






2. LITERATURE REVIEW

In this study amplified product have been used with the length of 934 bp was
digested with Haelll restriction enzymes in Awassi sheep breed (Iragi and Turkish)
(Luma et al., 2015). showed the appearance of GH Haelll homozygotes AA genotype,
with fragments 277, 202, 110, 100, 94, 68, 49 and 22, 8, 4 did not appeared on agarose
gel under UV light, Homo and heterozygous genotype with fragments 277, 256, 202,
110, 100, 94, 68 and 49bp showed in Iragi Awassi sheep.

The aim of this to investigate the correlation between polymorphisms in the 5'
regulatory region, exon 4, and 3' untranslated region (UTR) of the sheep GH gene and
sheep growth traits. The DNA from 510 adult sheep was analyzed by DNA sequencing
and polymerase chain reaction single-strand conformation polymorphism. Two alleles
(A and B) and 3 genotypes (AA, AB, and BB), 2 alleles (A and B) and 3 genotypes
(AA, AB, and BB), and 3 alleles (A, B, and C) and 4 genotypes (AA, AB, BB, and AC)
were found within the 5' regulatory region, exon 4, and 3' UTR, respectively (Jia et al.,
2014).

According to Indian sheep breeds research, that a total of 324 random blood
samples were analyzed by PCR-RFLP (Polymerase chain reaction-Restriction fragment
length polymorphism) technique. Restriction digestion analysis at A781G locus
revealed two allelic variants (A= 0.6016 and B= 0.3983) and two genotypes (AA=
0.2032, AB=0.7968). At A1575G locus, all individuals were homozygous (CC) in all 9
breeds. The allelic frequency differences for both alleles across the Indian breeds
(Kuma etal., 2014).

Another study have been used fragment of GH gene, consist in a part of intron
2, complete exon 3, complete intron 3, complete exon 4, and a part of intron 4, was
amplified. The amplified product with the length of 934 bp was digested with Haelll
restriction enzymes and showed the presence of GH Haelll polymorphism with three
Haelll genotypes (AA, BB and AB). Bands with ten restricted fragments of 277, 202,
110, 100, 94, 68, 49, 22, 8 and 4 bp bands were identified as genotype AA. Bands with
eleven restricted fragments of 256, 202, 110, 100, 94, 68, 49, 22, 21, 8 and 4 bp bands
were identified as genotype BB. Bands with twelve restricted fragments of 277, 256,
202, 110, 100, 94, 68, 49, 22, 21, 8 and 4 bp were genotyped with AB. In Donggala



sheep, AA and AB genotypes had the same genotype frequency of 0.357, however BB
genotype was 0.286. In East Java sheep AA genotype is the most frequent genotype
(0.464), however BB and AB were 0.286 and 0.250, individually. Up to this data
showed the allele frequencies of A and B in Donggala sheep were 0.536 and 0.464,
respectively, whereas those for East Java sheep were 0.589 and 0.411. The degree of
heterozygosity of the GH|Haelll polymorphismsin Donggala and East Java sheep are
0.503 and 0.493, respectively (Malewa et al., 2014 ).

Furthermore, Genomic DNA was isolated from a total of 20 animals from four
Egyptian breeds (five each) of sheep namely Rahmani, Ossimi, Awassi, and Barki. A
segment of insulin-as growth factor binding protein-3 IGFBP-3 gene, consisting of a
part of exon 2, complete intron 2, exon 3, and a part of intron 3, was amplified (Amr et
al., 2009). The amplified segment was found to be 654 bp in sheep. On digestion of 654
bp with Haelll restriction enzyme yielded single restriction pattern of five segments of
sizes 201, 201, 87, 67, 57 bp in all the animals belonging to the four Egyptian breeds
studied revealing absence of polymorphism in those four Egyptian sheep breeds.

Evaluation of the genetic diversity for GH gene in 100 animals of Iranian
indigenous sheep breed (Makooei sheep) was done by Hajihosseinlo and Negadhary
(2013). using exon 4 of the GH gene through PCR-SSCP. The fragment exon 4 showed
five conformational patterns. These data provided evidence that Iranian indigenous
Makooei sheep had genetic variability, which opened interesting prospects for future
selection programme and also preservation strategies.

Hao et al. (2010) detected SNPs of exon 1 of GH gene in Gansu modern meat
sheep by PCR-SSCP. They observed polymorphism in GH gene, which had two
genotypes (AA, AB). Gansu sheep, had a T/A mutation in 301 bp and G/A mutation in
305 bp of exon 1 of GH gene. The genotypes did not influence body weight at birth, one
month, two months and three months. It was concluded that GH gene possibly was a
major gene or linked to a major gene that affect the body weight traits of sheep.

Single stranded conformation polymorphism (SSCP) patterns of PCR products
were studied 5 banding patterns AA (pl), AB (p2), BB (p3), CC (p4), and CD (p5) were
obtained with frequencies of 31.3, 64.6, 1, 1, and 2.1, respectively. Associations of the

observed polymorphisms with withers height, rump height, body length, chest girth,



testis girth and leg girth were analyzed using a general linear model procedure for
Makooei sheep (Abbas et al., 2013).

Determine whether the used primers a 422 bp fragment from exons 2 and 3 of
GH gene in sheep and goat. The Haelll endonuclease cutting enzyme used in PCR
amplified fragments showed the presence of two genotypes; GG and AG with the
absence of AA genotype in 149 tested animals for this gene. The total frequencies were
43.56 and 56.44% for GG and AG genotypes, respectively in 101 tested sheep animals
whereas in goat animals, the total frequencies were 12.5 and 87.5% for GG and AG
genotypes, respectively in 48 tested goat animals. The sequence analysis of purified
PCR products declared the presence of a SNP (GA) at position 55 in the amplified
fragment which was responsible for the destruction of the restriction site GG"CC and
consequently the presence of two different alleles G and A which were named in this
work according to the detected SNP (Othman et al., 2015).

According to the research on goat that the DNA isolated from kids of Sirohi and
Barbari breeds of goat on digestion with the restriction enzyme Haelll. It was revealed
two genotypic variants AB and BB. None of the two breeds was in Hardy—\Weinberg
equilibrium for these variants (Singh at el., 2015).

In an experiment the Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) were used to detect polymorphisms of five candidate genes
in four Egyptian and Saudi goat breeds (Barki, Zaribi, Ardi and Masri), to detect the
genotype of GH, IGF1, POUIF1, MSTN and BMP15 genes in the goat breeds and their
allele frequencies by (Alakilli et al., 2012). Results of GH gene which encloses a Haelll
endonuclease restriction site show four unique PCR-RFLP banding patterns (genotypes
AA, AB, CC and CD). The frequencies of the A allele in the samples from the goat
breeds varied from 0.410 to 0.620. While IGF-1gene revealed three fragments after
digestion with Haelll with genotype AA, AB and BB and the frequencies of allele A
varied from 0.432 to 0.731.

An et al. (2011) analyzed that, the polymorphisms of growth hormone (GH)
gene 5' promoter region and intron 8, exons 4 and 10 of growth hormone receptor
(GHR) gene were analyzed in Xinong Saanen goats (SG) and Boer goats (BG). Two
alleles (A and B) and three genotypes (AA, AB and BB) were detected at P1 locus
of GH gene, and two alleles (G and T) and two genotypes (GG and GT) were detected



at P4 locus of GHR gene by PCR-RFLP analysis. In addition, two single nucleotide
polymorphisms (SNPs)-A73C (P1 locus) and G114T (P4 locus), were identified by
DNA sequencing. The frequencies of alleles A and B in the two goat breeds were 0.61—
0.62, and 0.39-0.38, respectively, and the frequencies of alleles G and T in the two goat
breeds were 0.82-0.86, and 0.18-0.14, respectively. The SNP loci were in Hardy—
Weinberg disequilibrium in both goat breeds Polymorphisms of GH and GHR genes
were shown to be associated with growth traits in BG breed. AA and GG genotypes
were associated with superior growth traits in 1-,2- and 3-month old individuals.

Revealed point mutations of G200T, A815G, A1753, C1763T and A1789G in
GH gene sequence of both goat breeds. In contrast, A497G, A499G C500G C501-2
C730T C781T and C2055T were observed specific to Osmanabadi and Sangamneri
breeds respectively indicating the possibility of using them as breed specific markers.
G200T resulted GG, GT and TT genotypes and of them, GT was associated with heavy
body weight and GG with low body weight in both the breeds. Sangamneri GT
genotypes were 6.5% taller than GG. Similarly, AG of A815G revealed low body
weight. AA of A1753 insertion revealed heavy body weight in both the breeds and 7%
longer body in Sangamneri breed. Heterozygote counterparts for C1763T and A1780G
SNPs exhibited heavy body weights. It was concluded that SNPs and their association
with body weight may be useful in selecting goats for higher growth traits
(Wickramaratne et al., 2011).

In other study result viewed that the LL genotype was the only genotype found
in Aceh cattle population, and the allele frequency of allele L is 1 for two group of Aceh
cattle population, i.e., Banda Aceh (12), Aceh Besar (30). The techinc that was used for
amplify 404 bp of GH gene for total 42 DNA genes samples. This finding sign to there
was not evidence of polymorphism of GH/Alul in Aceh cattle, and there was not
correlation of GH/ Alul gene with carcass quality of Aceh cattle (Sumantri et al., 2012).

The Pit-1 gene has been identified as the pituitary specific transcription factor
that regulates the expression of the growth hormone (GH) and prolactin (PRL) genes in
the anterior pituitary. A total of 252, 181 Holstein cows and 71 native East Anatolian
Red (EAR) cattle, were genotyped for polymorphism of Pit-1/Hinfl gene by the
polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP)

methods. In the Pit-1 gene, the frequency of AA, AB, and BB genotypes was 14, 54,
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and 32% for EAR, and 4, 31, and 65% for Holstein, respectively. The frequency of A
allele was 41% for EAR, and 20% for Holstein. Both populations were in Hardy-
Weinberg equilibrium (Ozdemir et al., 2012).

As stated by another research was conducted to identify Alu-I locus of growth
hormone (GH) gene in Bali cattle by using 232 blood samples collected from Bali and
Lombok islands. PCR-RFLP and sequencing methods were used to detect the
polymorphism and nucleotide sequence at Alu-I locus of GH gene. The result showed
that Bali cattle from Bali island has one genotype (LL genotype), whereas Bali cattle
originating from Lombok island has two genotypes, namely LL and VV genotypes,
respectively. The L and V allele frequencies from Bali and Lombok islands were 1.00
and 0.00; 0.99 and 0.01, respectively (Jakaria et al., 2011).

PCR-RFLP and sequencing methods used to detect the polymorphism and
mutation at Mspl and Alul loci of GH gene. The results showed that at Mspl locus, the
Bali, Limousine and Simmental cattle had one genotype (-/-), three genotypes(+/+, +/- ,
-/-) and two genotypes (+/+, +/-), respectively whereas for Alul locus, the Bali,
Limousine and Simmental cattles had one genotype (LL), two genotypes (LL, LV) and
three genotypes (LL, LV, VV), respectively. The allele frequencies of + and — alleles in
Bali, Limousine and Simmental cattle were 0.000 and 1.000; 0.636 and 0.364; 0.889
and 0.111 respectively (Jakaria et al., 2009).

This study was conducted to determine DNA-polymorphism of a Mu\ RFLP at
bovine growth hormone (bGH) gene in (Zavot. East Anatolian Red, Simmental and
Brown Swiss) cattle breeds. A total of 246 cattle were genotyped for the bGH-Alu.
Polymorphism by polymerase chain reaction and restriction fragment length
polymorphism (PCR-RFLP). In the study, two alleles (L and V) and three genotypes
(LL, W and LV) were revealed after than digestion of amplification product with Mu\
restriction enzyme. Allelic Frequencies for EAR, SIM, BS and Zavot breeds were
determined as 0.775, 0.734, 0.781 and 0.760 respectively for L allele; 0.225, 0.266,
0.219 and 0.240 respectively for V allele. Otherwise, genotypic frequencies were 0.65,0.
57, 0.63 and 0.63 for LL, 0.10, 0.11, 0.06 and 0.10 for W, and 0.25, 0.32, 0.31 and 0.27
for LV respectively (Agaoglu et al,. 2013).

It has been taken 93 blood samples from 93 hybrid cows randomly, DNA
extraction from blood samples and used PCR for amplification of 249-bp fragment of
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Exon 1 of the gene were performed. The digestion by cutting SnaBI enzyme. The data
showed that the genotype frequencies of AA, AB and BB, respectively are as 0.06, 0.53
and 0.41. AB genotype and AA genotype had the highest and the lowest frequencies in
the herd, respectively. The frequencies of allele A and allele B in the population were

estimated respectively as 0.33 and 0.67 ( Ahmad et al., 2013).



3. MATERIALS AND METHODS

3.1. Animal Supply and Ethics Permission

The animal material of the experiment was obtained from VYYU-Faculty of
Agriculture, Livestock Research and Application Farm. Norduz lambs of the same ages
(6-9 months), born in 2017. were picked up.

In addition, this study was initiated by taking the project work permit with the
official certificate of ethics committee numbered 27552122-604.01.02-E.59510 dated
26/08/2017 of VYYU.

3.2. Method

3.2.1. Animals, trait and measurements

There are 43 females, 6 males, Norduz lambs of having different monthly ages
born in the same year. Norduz growth characteristics of lambs were gender, body
weight (BW), body height (BH), body length (BL),chest depth (GD), between the
shovels the chest depth (BSGD) and chest around (CA). Taking into account
quantitative measurement values, it was started measuring the animals in mid July, 2017
and with an average period of 24 days. Five growth parameters were measured and final
measurement was recorded in November, 2017. To obtain the quantitative data there

were used a scale, a measuring stick, and a hamstring.

3.2.2. DNA 1solation

The 5ml peripheral strand from the sheep genomic DNA individuals is shown

below was obtained by the standard phenol-chloroform method (Sambrook et al., 1982).

2x10° cells are centrifuged at 1500 rpm for 5 minutes and the supernatant is removed,
then the pellet is washed 2 times with PBS (Phosphate Buffered Saline).
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Resuspend in 300 pl lysis solution (5 mM EDTA, 10 mM Tris-HCI, pH = 8.0, 100 mM
NaCl, 0.5% SDS) (sodium dodecyl sulfate), 0.5 mg / ml Proteinase-K).

The following day, an equal volume of saturated phenol is added to the solution and the
mixture is then centrifuged at 1500 rpm for 20 minutes.

Remove the supernatant clean lure and add an equal volume of chloroform: isogamy
alcohol mixture (24: 1) and mix.

Centrifuge at 1500 rpm for 20 minutes and transfer the supernatant to a clean scarf.

Add an equal volume of pure ethanol to the solution and allow for the DNA to
precipitate by gentle mixing. The precipitated DNA is transferred to a 1.5 ml microfuge
tube with micropipette.

Once pure ethanol is centrifuged once with 70% ethanol for 10 minutes at 13000 rpm,
the supernatant is discarded and the DNA is allowed to dry.

The dried DNA is resuspended by adding 10 mM Tris pH = 7.5, 1 mM EDTA and
incubated at -20 °C for future use.

3.2.3. Oligo determination and primer desing

GH1 and GH genes were first determined and used by entering the gene bank
(access:  http://www.ncbi.nlm.nih.gov/genome/guide/sheep/index.html), in  sheep
genome The loci were on sheep chromose 3 (OAR3) Taking into account the exon-
intron boundaries, PCR from the coding gene regions Primer3Plus for the replication of
gene regions (access:http://www.bioinformatics.nl/cgibin/primer3plus/primer3plus.cgi/)
by utilizing the software program, replication for each gene (amplification) primers

were designed and are shown in (Table 3.1).

Table 3.1. Growth Hormone Genes (GH) and PCR Conditions

Locus Chrom Forward Primer Reverse Primer ™ PCR
Name o0some F/R  product

GH1 OAR3  5'-ctctgectgecctggact-3' 3'-ggagaagcagaaggcaacc-5' 57.5 422bp
GH OAR 3 5'-ggaggcaggaagggatgaa-3' 3'-ccaagggagggagagacaga-5' 58 934bp



http://www.ncbi.nlm.nih.gov/genome/guide/sheep/index.html

3.2.4. PCR and gel electropheresis
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The PCR conditions for each locus were in particular the amount of MgCI2 and

hybridization heat and the following PCR mixture solutions and concentrations were

used (Table 3.2). Gel Electropheresis were performed at different densities (%0.8, %1,
%1.5, %2) with Ethidium Bromide (EtBr) and visualized under ultraviolet (UV) light.

Table 3.2. PCR Master Mixtures and Concentrations

PCR master karigimi ul
dH,O 15.1
10X buffer 2.5
MgCl, 1.5
DMSO 0.35
dNTP 1
Primer F 1
Primer R 1
Taqg Polimeraz 0.2
DNA 2.5
Total= 25.15
3.2.5. PCR programmes:
Initial Denaturation 95°C 10 m
Denaturation 96 °C 40 Sc
Annealing 58 °C 35 Sc
Extension 72°C 45 Sc
Final Extension 72°C10m
Storage 4 °C oo(infinite)

Total 30 Cycles

3.2.6. PCR-RFLP

The PCR amplicons on GH and GH1 DNA regions were digested with DNA
cutting enzyme Haelll, ( DNA endonuclease) shows the results ( Table 3.3).
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Table 3.3. Virtual Cutting and Expected Lengths of Locus with DNA Cutting Enzymes

Locus DNA Cutting Enzyme Cutting Outcome Expected DNA
Fragment Lengths (bp)

GH1 Haelll 366+56=422bp

GH Haelll 277+256+202+110+100+94+68+49=
934bp

3.3. Hardy-Weinberg Equilbrium (HWE) Analysis

Allele varieties determined on agarose gel were counted baded on related
references and online calculated via ( http://www.oege.org/software/hwe-mr-

calc.shtml).

3.4. Statistical Analysis

SAS 9.4 Statistical software package was used to obtain basic statistics and

Pearson correlation analyses between and among the growth measures.



4. RESULTS

A basic statistical analysis of the growth characteristics of Norduz sheep grown
and free-grazing in farmland is shown in (Table 4.1.) Phenotypic features on the chart;
sex, body weight (BW), body height (BH), body length (BL) the chest depth (GD),
between the shovels the chest depth (BSGD) and the chest around (CA). At the
beginning, a total of 49 sheep (43 females, 6 males) were observed, records on
phenotypic yields July, August, In September, October and November 5 times in
average 24 days period measurements were taken, but the blood required for 7 sheep
genomic DNA the number of sheep surveyed was reduced to 42 for genetic analyzes
because of not taken blood samples from lambs which were grazing in meadow on the

day of their sapmles intake.

4.1. Statistical Analysis

Table 4.1. Correlation Coefficients among Body Weight (BW) during five different
measurement periods (Pearson Correlation Test)

Phenotype BW1 BW2 BW3 BW4 BW5
BW1 1 127 213 231 .284*
BW2 1 946** .952** 919**
BW3 1 970** 962**
BW4 1 .969**
BW5S 1

*(p<0.05), ** (p<0.01)

It has been found that when the measurement time progressed, correlations
between the other measurements were partially increased. Only a statistically significant
relationship was found between BW1 and BW5 (p <0.05). Correlations between BW2

and BWS5 increased and were found statistically significant (p <0.01).
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Table 4.2. Correlation coefficients among body height (BH) during five different
measurement periods (pearson correlation test)

Phenotype BH1 BH2 BH3 BH4 BH5
BH1 1 .678** AB64** .624** A481**
BH2 1 JA31F* 697** .612**
BH3 1 .189** 519**
BH4 1 .619**
BH5 1

*(p<0.05), ** (p<0.01)

Table 4.3. Correlation coefficients among body length (BL) during five different
measurement periods (pearson correlation test)

Phenotype BL1 BL2 BL3 BL4 BL5
BL1 1 .324* 483** .648** 561**
BL2 1 .320* A438** 397
BL3 1 632** .563**
BL4 1 .168**
BLS5 1

*(p<0.05), **(p<0.01)

Table 4.4. Correlation coefficients among chest depth (GD) during five different
measurement periods (pearson correlation Test)

Phenotype GD1 GD2 GD3 GD4 GD5
GD1 1 432** A489** 729** .603**
GD2 1 A483** 625** 496>
GD3 1 769** 763**
GD4 1 .685**
GD5 1

*(p<0.05), **(p<0.01)

Table 4.5. Correlation coefficients among between the shovels chest depth (BSGD)
during five different measurement periods (pearson correlation test)

Phenotepe BSGD 1 BSGD 2 BSGD 3 BSGD 4 BSGD 5

BSGD 1 1 .360* .280 429** .284
BSGD 2 1 A78** 582** .607**
BSGD 3 1 .650** 672**
BSGD 4 1 697
BSGD 5 1

*(p<0.05), **(p<0.01)
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Table 4.6. Correlation coefficient samong chest around (CA) during five different
measurement periods (pearson correlation test)

Phenotype CAl CA2 CA3 CA4 CAS5
CAl 1 A450** 128** .632** .639**
CA2 1 .684** 61 611**
CA3 1 .856** .805**
CA4 1 JA81**
CA5 1

*(p<0.05), **(p<0.05)

Table 4.7. T-Test Values; Introductory Statistics by Sex

Std.
Gender N Mean Deviation Std. Error Mean
BW?2 1 43 28.9767  3.70745 .56538
2 7 29.6714  8.26251 3.12293
BW3 1 41 29.7878  3.51527 .54899
2 8 30.9750  5.75593 2.03503
BW4 1 41 29.9878  3.68430 57539
2 16 29.6125  5.84669 1.46167
BWS5 1 42 29.0643  3.69646 57038
2 14 29.1286  5.71939 1.52857
BH1 1 44 58.4773  3.43199 51739
2 5 61.8000  .44721 .20000
BH2 1 43 59.0465  2.88637 44017
2 7 58.7143  7.93125 2.99773
BH3 1 41 60.2439  2.50779 .39165
2 8 65.6250  7.24938 2.56304
BH4 1 41 60.6585  2.88626 45076
2 16 60.8750  5.94278 1.48570
BH5 1 42 60.9286  2.90830 44876
2 14 61.0714  3.17355 .84817
BL1 1 44 53.5568  3.06749 46244
2 5 53.6000 3.78153 1.69115
BL2 1 43 53.6512  3.84759 58675
2 8 51.3750  5.60453 1.98150
BL3 1 41 54,6707  2.64483 41305
2 8 55.0000 2.72554 .96362
BL4 1 41 55.3171  3.13998 .49038
2 16 548750 5.25198 1.31300
BL5 1 42 54.8452 3.41176 52645
2 14 53.6786  3.29106 .87957
GD1 1 44 23.7159 2.11692 31914
2 5 26.6000 3.28634 1.46969
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Table 4.7. T-Test Values; Introductory Statistics by Sex (continue)

Std.
Gender N Mean Deviation Std. Error Mean
GD2 1 43 23.0581  1.50479 .22948
2 7 23.7143  2.28869 .86504
GD3 1 41 23.8902  1.42088 .22190
2 8 24.8750 2.16712 .76619
GD4 1 41 23.7561  1.29481 20221
2 16 24.1875  2.10456 52614
GD5 1 42 23.5190 1.46024 22532
2 14 23.5000 2.18386 .58366
BSGD1 1 44 15.1136  1.66658 25125
2 5 15.6000 1.51658 .67823
BSGD?2 1 43 14.0000 1.34519 .20514
2 7 14.1429  3.23669 1.22336
BSGD3 1 41 13.7073  1.05461 .16470
2 8 14.1250  1.45774 .51539
BSGD4 1 41 13.4146  1.01798 .15898
2 16 13.2188  1.12500 .28125
BSGD5 1 42 12.9048  .98920 15264
2 14 12.8571  1.46009 .39023
CC1 1 44 71.1136  5.15894 J7774
2 5 76.4000 8.61974 3.85487
CC2 1 43 70.6279  3.51204 .53558
2 7 70.0000  7.72442 2.91956
CCs3 1 41 69.2195  3.60910 .56365
2 8 70.0000  4.78091 1.69031
CC4 1 41 68.8293  3.03235 47357
2 16 68.6250  5.28993 1.32248
CC5 1 42 67.4286  3.74259 57749
2 14 68.0000  5.21831 1.39465




Table 4.8. Correlations Among Growth Parameters.
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BW BH BL GD BSGD CA
Pearson 1 120 208 260" 193 234"
Correlation
BW ) .
Sig. (2-tailed) .082 .002 .000 .005 .001
N 210 210 210 210 210 210
Pearson 120 1 5517 596" 256" 4797
B Correlation
Sig. (2-tailed) .082 .000 .000 .000 .000
N 210 210 210 210 210 210
Pearson .208™ 551" 1 428" 287" 432"
BL Correlation
Sig. (2-tailed) 002 .000 .000 .000 .000
N 210 210 210 210 210 210
Pearson 260" 5967 428" 1 536" 678"
GD Correlation
Sig. (2-tailed) 000 000 .000 .000 .000
N 210 210 210 210 210 210
Pearson 193 2567 2877 536" 1 7107
BSGD C.orrelatlc.)n
Sig. (2-tailed) .005 .000 .000 .000 .000
N 210 210 210 210 210 210
Pearson 234" 4797 4327 678" 7107 1
Correlation
CA Sig. (2-tailed) .001 .000 .000 .000 .000
N 210 210 210 210 210 210

**_Correlation is significant at the 0.01 level (2-tailed).

The correlation between BW and BH is statistically significant
The correlation between BH and GC is statistically significant
The correlation between BL and BH is statistically significant
The correlation between BSGD and GC was found statistically significant.
The correlations between BW and BH, BH and GC, BL and BH and BSGD and GC was found
statistically significant.
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4.2. Molecular Genetics Analyzes

4.2.1. Genomic DNA isolation

VYYU-Faculty of Agriculture, Livestock Research and Application Farm
February, DNA was isolated as a result of blood samples from Norduz lambs of the
same age (6-9 months) following births in 2017.An agarose gel image of the isolated

genomic DNA was then given in. (figure 4.1).

Figure 4.1. Sheep Genomic DNA Isolation. % 1 Agarose Gel, 75 Volt, 30min.

4.2.2. PCR Results

Among the isolated blood samples, Growth Hormone Genes; reference genomic
sequence determined from two different loci (GH1 and GH) and genetic screening of all
individuals under investigation were defined for optimal PCR conditions.GH1 and GH
loci, the optimum Tm temperatures were determined using gradient PCR and touch-
down PCR (Table .3.1).
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The GH1 locus was amplified by PCR at an optimal extension temperature of
57.5 °C .422-bp PCR product was obtained and 34 animals were genotyped for this
locus (figure 4.2).

The GH locus was amplified by PCR at an optimal extension temperature of 58

°C, 934 bp PCR product was obtained and but 26 animals were genotyped for this locus
(figure4.3).

Figure 4.2. PCR results of GH1 (422 bp) locus; Extension Temperature: 57.5 °C.

Table 4.9. PCR Master Mix for GH1

PCR master mix pl 16
dH,O 15.1 90.6
10X buffer 2.5 15
MgCl, 1.5 9
DMSO 0.35 2.1
Dntp 1 6
Primer Reverse 1 6
Primer Forward 1 6
Taqg Polimeraz 0.2 1.2
DNA 2.5

Total= 25
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4.2.3. PCR Programmes

The PCR conditions applied for the GH1 gene are as follows.

Initial Denaturation 95°C 10 m
Denaturation 96 °C 40 sc
Annealing 57.5°C 35 sc
Extension 72°C 45 sc
Final Extension 72°C10m
Storage 4 °C oo(infinite)

Total 30 cycles

Figure 4.3. PCR results of GH (934 bp) locus; Extension Temperature: 58 °C. %1.5
Agarose Gel, 80V, 2h.

Table 4.10. PCR Master Mix for GH(934bp)

PCR Master Mix pl 4

dH,0 17.64 70.56
10 X Buffer
MqgCl,
DMSO 0.5
dNTB

Reverse Primer GH
Forward Primer GH
Tagq DNA Polymerase
1 pl DNA sample
Total Volume 30 116.56

N O1
N
I N N N N N

PR R R R
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4.2.4. PCR-RFLP Results and genotyping

The PCR products obtained from the two locusts were analyzed in accordance
with (Table 4.11) PCR-RFLP treatment was performed by treatment with Haelll DNA

cutting enzyme at 37 °C for 10 min. And polymorphic in both loci.

Table 4.11. DNA Digestion Reaction with Haelll Enzyme for GH1 (422bp)

Master Mix ul 6% ul
dH,O 17 102
10xbuffer 2 12
Enzyme 1 6
DNA-PCR 10 126
Total 30 180

The 422 bp PCR result was obtained that. Two parts of 422 bp and 366 bp was
observed as DNA bands, but the band of 56 bp was not seen (figuer 4-4.5.6.7).

Thirty-four sheep were screened, based on (Seevagan et al., 2015). 5 of the 34

animals of the AA, the 29 animals had the AB genotypes, the BB genotype could not be

found.



Figure 4.4. PCR-RFLP Results and Genotyping with Haelll Enzyme of GH1 (422 bp)
Locus. %1.5 Agarose Gel, 80V, 2h .Genotyping; 1-AB, 2-AB 3-AB 4-AB 5-
AB 6-AB.

Figure 4.5. PCR-RFLP Results and Genotyping with Haelll Enzyme of GH1 (422 bp)
Locus %2 Agarose Gel, 80V, 2h Genotyping; 7-AB 8-AB 9-AB 10-AB 11-
AB 12-AA 13-AB 14-AB 15-AB 16-AB.



Figure 4.6. PCR-RFLP Results and Genotyping with Haelll Enzyme of GH1 (422 bp)
Locus Genotyping; 17-AB 18-AA 20-AB 21.AB 22-AA 23-AB 24-AB
25-AB 26-AA. %1.5 Agarose Gel, 80V, 2h.

Figure 4.7. PCR-RFLP Results and Genotyping with Haelll Enzyme of GH1 (422 bp)
Locus Genotyping; 30. AB 33. AB 35. AA 36. AA 40. AB 43. AB 44AB
45. AB 46. AB.

Total 5/34 AA, 29/34 AB, 0 BB animals scanned for GH1 (422bp)
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The 934 bp PCR result showed that the DNA band 277 bp, 256 bps, and 202
bps, but no bands with DNA fragments smaller than 100 bps were observed (Figure 4.8.
and 4.9.). 26 sheep were collected from the genotype screen and Based on (Gorlov et
al., 2017).

5 of 26 animals are AA, 17 of the AB and 4 of them have BB genotypes have

been identified.

Table 4.12. DNA Digestion Reaction with Haelll Enzyme for GH (934).

Master Mix pl 6% ul
dH,0 17 102
10xbuffer 2 12
Enzyme 1 6
PCR-product 10 126
Total 30 180

Figure 4.8. PCR-RFLP Results and Genotyping with GH (934 bp) Locus Haelll
Enzyme Genotyping; 1.AA 2.BB 3.AB 4.AB 5.AB 6.BB 7.AA. %15
Agarose Gel, 80V, 2h.
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Figure 4.9. PCR-RFLP results and genotyping with Haelll enzyme of GH (934 bp)
locus Genotyping; 1.BB 2. AA 3.AB 4. AB5. BB 6.AB 7 .AB 8 . AA 9.AB
10. AB 11. AB 12. AB 13. AB 14 .AA 15. AB 16. AB 17. AB 18. AB 19.

AB.

Table 4.13 Genotype and allele frequencies for (GH and GH1)

Genotypes Frequency Allele Frequency
Locus AA BB AB A B Total
GH1 0.26(4) 0 0.74(29) 057 043 34
CH 0.27(5) 0.23(4) 0.50(17) 052 048 26

4.3. Hardy-Weinberg Equilibrium (HWE) and Statistical Tests

4.3.1. Result for GH1 (422bp)

X?>=18.8

(34 samples counted)

Table 4.14. For likelihoods of calculated X2 value see below.

Genotype Expected Observed
Common homozygotes 11.18 5
Heterozygotes 16.63 29
Rare homozygotes 6.18 0

p allele freq = 0.57; q allele freq = 0.43



29

4.3.2. Result for GH(934)

X? =559

(26samples counted)

Table 4.15. For likelihoods of calculated X2 value see below.

Genotype Expected Observed
Common homozygotes 7.01 5
Heterozygotes 12.98 17
Rare homozygotes 6.01 4

p allele freq = 0.52; q allele freq = 0.48



5. DISCUSSION AND CONCLUSIONS

Norduz sheep are well-adapted in the VVan Lake region, believed to originate in Eastern
Anatolia, Van-Giirpinar, but are endemic and indigenous gene source in danger due to
unconscious mating and crossbreeding. Therefore, it is quite important for not only
keeping their unique genotype in the region but also detection the genotypes with
desirable alleles for gene maintenance and genomic selection programmes in future.

In this study, polymorphic structures of 422 bp GH1 and 934 bp GH loci from
growth hormone gene family affecting Growth Parameters in Norduz Sheep were
examined. This is the first research performed in Norduz sheep from the farm animals
raised in our country based on Growth Hormone genes.

Taking into account the growth parameters almost all the growth parameters
showed gradually increased correlations during five different measurament time periods
(Table 4.1-4.6). Moreover, looking at the (Table .4.7) BH at 1st and 3rd measurement
and GD at 1st measurement males were found statistically significant. For the rest of the
growth parameters, there were no differences between genders. Also, the correlations
between BW and BH, BH and GC, BL and BH and BSGD and GC was found
statistically significant (Table 4.8).

Unfortunately, due to the unfavorable conditions of VYYU Research Farm
where the Norduz sheep trying to be extensively cultivated in pasture conditions. 34
animals in the GH1 locus and 26 animals in the GH locus were able to be investigated .
If PCR-RFLP were used with equal number of animals (42 sheep) in for both loci, the
HWE values previously observed were expected to show different results.

As for GH1 gene polymorhism in 34 Norduz sheep was due to transition at
A781G locus. Haelll-RFLP of the GH1 gene (422 bp) revealed the existance of two
genotypes; AA (366 and 56bp) and AB (366 and 56bp). Genotypic frequencies for AA
and AB were 0.26 and 0.74, and allelic frequencies were 0.57 and 0.43 for A and B
respectively. Higly significant (p<0.001) Chi-square valuel8.8 has displayed that the
population is not under Hardy-Weinburg equilibrium (HWE) at the GH1 locus.

BB genotype was not observed in this study. Similarly a lack of the homozygous
mutant genotype was reported in Vembur sheep (Seevagan et al., 2015). Moreover, have

also indicated that complete absence of homozygous BB genotype is due to the natural
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selection. Same resarch group also explained that heterozygous animals were well
grown and free from all physical deformities. Their results suggests that the mutation
AT781G in GHL1 gene is a recessive lethal. It would be quite helpful effort to add the
lethal effects of GH1 locus for the further studies.

Considering Haelll-RFLP of the GH gene (934 bp) polymorhism in 26 Norduz
sheep showed the existance of all three genotypes; AA (277, 202 and 110 bp), AB (277,
256, 202 and 110 bp) and BB (256, 202, and 110 bp). Genotypic frequencies for AA
and AB and BB were 0.27 and 0.50 and 0.23, and allelic frequencies were 0.52 and 0.48
for A and B respectively. Moderately significant (p<0.001) Chi-square value 5.59 has
displayed that the population is not also under Hardy-Weinburg equilibrium (HWE).
Unlike the research performed by (Othman et al., 2015) HWE analysis displayed narrow
ranges in terms of allelic and geneotypic frequencies. One of the possible reasons for
GH locus it is just because of screened animal size.

This research has been perfomed on Norduz sheep in Turkiye in terms of GH
related genes and the growth trait parameters. Moreover, it is very important to make
further statistical analysis to detect the relationships between the growth trait data and
genotypic data in order for the ones to make better genetic decisions. The results in this
research indicates that molecular markers associated with growth hormone related to
growth quantitative characterisitics in Norduz sheep would be explored and exploited

for their use in Marker-assisted selection (MAS) in future.
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EXTENDED TURKISH SUMMARY
(GENISLETILMIiS TURKCE OZET)

GIRIS

Genetik polymorfizm mutasyondan kaynaklanir. Bireyler arasindaki DNA
dizimi farkliligmmi ifade eder ve gruplar ya da popiilasyon tek bir niikleotid baz
degisikliginden yiizlerce bazin degisikligine kadar uzanan bir mutasyondan dolay1
olusur (Yahyaoui, 2004). Bu yapi, DNA bazlarina eklenme sonucu olanlar ve giftlerin
eklenmesi ya da silinmesi sonucu olusur. Tek niikleotid polimorfizmi (SNP), purin-
purin, primidin-primidin ve purin-primidin  pozisyon degisikliklerinden kaynaklanir
Genetik polimorfizmin bir diger turti de DNA tekrar dizileridir (mini ve mikrosatelitler)
(Yahyaoui, 2004). Buna ek olarak, PCR ve DNA kesim enzimleri kullanilarak yapilan
restriksiyon fragment uzunluk polimorfizmi (PCR-RFLP) gibi molekiler yontemler ,
hayvan 1slahi alaninda verim yoniine bagl olarak ( et, siit yumurta vb.) daha iyi
genotipe sahip hayvanlarin belirlemesini saglamak ve gelecekte damizlik olarak
kulanmak amactyla kullanilmaktadir (Zhang, ve ark., 2013). PCR, polimeraz zincir
reaksiyonu i¢in kullanilan bir kisaltmadir ve bu yontemle belli bir DNA bdélgesinden
milyonlarca es kopya DNA elde edilir. (Verma, S. 2016). Yani, bir teknik olarak
restriksiyon fragment uzunluk polimorfizmi (RFLP) DNA parcalarimin farkh
uzunluklarimi analiz eder ki bu da bir DNA &rneginin spesifik enzimlerle kesilmesi
sonucu olur.

Buyume hormonu (GH), sirkadiyen ve pulsatil bir tarzda hipofiz bezinin 6n
lobundan somatotrof hiicreleri tarafindan sentezlenen ve salgilanan bir anabolik
hormondur. Yaklagik 22 kDa molekiiler agirliga sahip, 190 ya da 191 amino asitten
olusan bir polipetit hormondur. (Ayu ve ark., 2006). Buyume hormonu bir¢cok metabolik
ve fizyolojik eylemleri igerir (Rahbar ve ark., 2013).

Biiyiime hormonu, metabolizmay1 hizlandirir, ve bilhassa kemik, kas ve i¢
organlar gibi, ¢cok sayida organ ve dokunun biiylimesini tesvik eder (Ikonen ve ark.,
2001). Biiylime hormonu geni, biiylime hormonu salgilanmasinda dogrudan bir etkiye
sahiptir ve hayvanin blylUmesinde 6nemli rol oynar (Gadelha ve ark., 2012). Bu

nedenle, Biiyiime hormonu geninin yapis1 ve iglevini arastiran ¢aligmalara, son yillarda
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ilgi oldukca artmustir. Ozel varyasyonu etkileyen majér genlerin belirlenmesi, genetik
verinin se¢im semasinda kullanilmasini saglayacak durumla olusturur.

One ¢ikan genlerden, en cok talep edilen genlere sahip hayvanlarin secilmesi,
hayvan kazan¢ miktarini 6nemli sekilde arttirabilir (Godesky, 2006). Arzu edilen verim
ozelliklerine etkiyen genlerin polimorfizmi hakkindaki bilgi, ve onun bu varyasyonlar
tizerindeki biyolojik etkilerini anlamak, damizlik hayvan seleksiyon programlarinda
genomik verinin en etkili sekilde ullanilmasini saglayacaktir. Ekonomik olarak onemli
verimlere sahip ciftlik hayvanlarin seleksiyon programlarinin genotipik verilere gore
belirlenmesine ve Genetik belirteg yardimli seleksiyon (MAS) denir (Mehmannavaz ve
ark., 2012) .

AMAC

Biiylime hormonu (GH) geni organizmanin biiyiime gelisiminde 6nemli rol
oynar Bu arastirmanin amaci ayni1 sezonda dogan Norduz koyunlarinda GH ile ilintili

genlerin (GH1 ve GH) polimorfizmlerini tespit etmektir.

3. MATERYAL VE YONTEM

3.1. MATERYAL
3.1.1. Hayvan Temini

Denemenin hayvan materyali VYYU, Arastirma ve Uygulama Ciftlik
Miidiirliigiine bagli koyunculuk biriminde Subat, 2017 tarthinde dogmaya baslamis
yaklasik 6- 9 aylik yasta 43 bas disi ve 7 bas erkek olmak iizere toplamda 50 bas

Norduz 1rk1 kuzudan olusmustur.

Ayrica bu calisma, VYYU Rektorliigii’niin 26/08/ 2017 tarih ve 27552122-
604.01.02-E.59510 sayili etik kurulu resmi belgesiyle proje c¢aligma izni alinarak
baslatilmistir.
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3.2. Yontem

3.2.1. Siiriiden Hayvan Secimi, Verim Kayitlar1 ve Ol¢iimii

Temmuz, 2017 aymin son haftasindan itibaren isletmede dogal merada otlatilan
Norduz kuzular1 biiyiime ozellikleri (cinsiyet, canli agirlik (CA), cidago yiiksekligi
(CY), vicut uzunlugu (VU), gogiis derinligi (GD), kiirekler aras1 gdgilis derinligi
(KAGD) ve gbgiis cevresi (GC)) gibi kantitatif degerler l¢iilmiistiir. Olgiimler ortalama
20 giinliik periyodik dilimlerde, toplamda 5 kez yapilmis ve son Olglim 2017 Kasim
ayinda gerceklestirilmistir. Biiyiimeye iliskin Kantitatif veriler, terazi, 6l¢ii bastonu ve

mezro kullanilarak elde edilmistir.

3.2.2. DNA izolasyonu, Gen ve Oligo Belirleme

Kuzularin genomik DNA’s1 her bireyden alinan 5ml periferik kandan asagida

belirttilen standart fenol-kloroform yontemiyle elde edilmistir (Sambrook ve ark.,1982).

e 2x10° hiicre 1500 rpm’de 5 dakika santrifiij edilip siipernatan uzaklastirildiktan
sonra pelet 2 kez PBS (Phospahate Buffered Saline) ile yikanir.

e 300ul lizis solusyonu (5mM EDTA, 10mM Tris-HCI , pH=8,0, 100mM NacCl, %0,5
SDS (Sodium dodecyl sulfate), 0,5 mg/ml Proteinaz-K) ile yeniden siispanse edilir.

e Vortekslenen karigim bir gece 37°C’de etiivde inkiibe edilir.

e Ertesi giin soliisyon {izerine esit hacimde doymus fenol eklenip karistirildiktan sonra
1500 rpm’de 20 dakika santrifiij edilir.

e Sipernatan temiz bir tlpe alinip tizerine esit hacimde kloroform:izoamil alkol
karisimi (24:1) eklenir ve karistirilir.

e 1500 rpm’de 20 dakika santrifiij edilir ve slipernatan temiz bir tiipe aktarilir.

e Sollisyon iizerine esit hacimde saf etanol ilave edilir ve yavasga karistirilarak
DNA'nin presipite olmasi beklenir. Presipite olan DNA mikropipet ile 1.5 ml’lik
mikrofij tiipline aktarilir.

e Bir kez saf etanol, bir kez de %70 etanol ile 10 dakika 13000 rpm’de santrifiij edilir,

stipernatan atilir ve DNA kurumaya birakilir.
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e Kurutulan DNA, 10mM Tris pH=7,5, 1 mM EDTA eklenerek yeniden siispanse

edilir ve ileride kullanilmak iizere -20°C’de bekletilir.

Tablo 3.1. Biiyiime Hormonu Genleri (GH) ve PCR Kosullarma Iliskin Bilgileri

Lokus Kromoz Forward Primer Reverse Primer TM PCR
Adi om F/R  Uriin
be
GH1 OAR3 5'-ctctgectgecctggact-3' 3'-ggagaagcagaaggcaacc-5'  57. 422 bg
5
GH OAR 3 5'-ggaggcaggaagggatgaa-3' 3'-ggagaagcagaaggcaacc-5' 58 934 bg

3.2.4. PCR ile Gen Cogaltma ve Jel Yiiriitme

Her bir lokus i¢in PCR kosullar1 6zellikle MgCl, miktar1 ve hibridizasyon 1s1s1

acisindan optimize edilmis ve asagidaki PCR karisim ¢ozeltileri ve derisimleri

kullanilmigtir (Tablo 3.2). Degisik yogunluklardaki ( % 0.8, %1.0, %1.5, %2) Etidium

Bromiir (EtBr) ile boyanmis agaroz jelde yiiriitillerek, mordtesi (UV) 151k altinda

goriintiilenmistir.

Tablo 3.2. PCR Master Karisim ve Derisimleri

PCR master karigimi ul
dH,0 15.18
10X buffer 2.5
MgCl, 1.5
DMSO 0.32
dNTP 0.5
Primer F 1.5
Primer R 1.5
Taq Polimeraz 0.14
DNA 2.0

Toplam= 25
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3.2.5. PCR programlari

95°C 10m
96 °C 40Sc
58 °C 35Sc
72 °C 42Sc
72°C 10m

3.2.6. PCR-RFLP

PCR ile ¢ogaltilan GH DNA bolgeleri, DNA kesim enzimi Haelll, (DNA

endonukleazi) ile kesilecek sekilde diizenlenmistir.( Kisaca Tablo 3.3) te gdsterilmistir.

Cizelge 3.3. Lokuslarin DNA Kesim Enzimleri ile Sanal Olarak Kesilmesi ve Beklenen
Par¢a Uzunluklari

Lokus DNA Kesim Enzimi Kesim Sonucu Beklenen DNA Parca
Uzunluklar (bg)
GH1 Haelll 366+56= 422
GH Haelll 277+256+202+110+100+94+68+49=
934

3.3. Allel Cesitleri ve Frekasinin Bulunmasi

Allel cesitleri degisik derisimlerindeki (konsatrasyonlarindaki) agaroz jel
tizerinde belirlenip, sayilarak asagidaki formiil kullanilarak siirii igerisindeki

heterozigotluk (H) ve Polimorfizm Bilgi Katsayisi (PIC) hesap edilmistir (Ott, 1992).

Heterozigotluk (H) igin;

H= 1- (£ pi’)

pi: genin bir allelilin frekans1
Polimorfizm Bilgi Katsayis1 (PIC) i¢in;
PIC=1- (= pi’)- = p’p/

pi: genin bir allelilin frekansi

pj: genin diger allel frekanslar
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3.4. istatiksel Analiz

SAS (Version 9.4) istatistik yazilim paketi kullanilarak biliyiime oOlgiitlerine

iliskin tanitici istatistikler ve bu Olglitler arasindaki korelasyon degerleri hesaplanmaistir.

4. SONUC

Kuzularin beslenmesi isletmenin mevcut yemleme prosediirii bagli olarak
yapilmistir. Otlatma doénemi boyunca VYYU Arastirma ve Uygulama Ciftligi
Miidiirliigii’ne ait merada anneleri ile birlikte serbest olarak otlatilmig olan Norduz
kuzularinin biliylime 0Ozelliklerine iligkin temel istatistiki veriler Cizelge 1° de
gosterilmistir. Cizelgede ki fenotipik oOzellikler; cinsiyet, canli agirlik (CA), cidago
yiiksekligi (CY), viicut uzunlugu (VU), gogiis derinligi (GD), kiirekler arasi gogiis
derinligi (KAGD) ve gogiis ¢evresi (GC) olarak belirlenmistir.

Baslangicta toplam 49 koyun (43 disi, 6 erkek) gozlem altina alinip, fenotipik
verimlerine iligkin kayitlar Temmuz, Agustos, Eyliil, Ekim ve Kasim aylarinda ortalama
24 giinliik periyotlarda 5 defa dlgtimler alinarak tutulmus ancak bunlardan 7 adet koyun
genomik DNA i¢in gerekli kan orneklerinin alim giiniinde merada otlamakta olduklar1

icin aragtirma yapilan koyun sayis1 genetik analizler i¢in 42 ’ye indirgenmistir.

4.1. istatistik Analizler

Cizelge 4.1. Canli Agirlik (CA) 5 farkli peryodu arasindaki korelasyon katsayilari
(pearson korelasyon testi)

Fenotip CAl CA2 CA3 CA4 CAS
CAl 1 127 213 231 .284*
CA2 1 946** 952** 919**
CA3 1 970** 962**
CA4 1 969**
CA5 1

*(p<0.05), **(p<0.01)

Denetim zamanlari ilerledikge CA digerleri arasinda korelasyonlarinda arttigi
saptanmigtir. Yalniz CAl ile CAS arasinda istatistiksel olarak Onemli bir iligki

bulunmustur (p<0.05).
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Denetim 2 denetim 5’e¢ dogru gidildiginde denetim 2 ile ilgili korelasyonlar
azalmakla birlikte tamanen istatiksel olarak olduk¢a oOnemli oldugu anlasilmigtir
(p<0.01).

Cizelge 4.2. Cidago Yiiksekligi (CY) 5 farkli peryodu arasindaki korelasyon katsayilar
(pearson korelasyon testi)

Fenotip CY1l CY2 CY3 CY4 CY5
Cy1l 1 678** A464** .624** A81**
CY2 1 A3 697** 612**
CY3 1 .189** 519**
CY4 1 .619**
CY5 1

*(p<0.05), **(p<0.01)

Cizelge 4.3. ticut Uzunlugu (VU) 5 farkli peryodu arasindaki korelasyon katsayilari
(pearson korelasyon testi)

Fenotip VU1l VU2 VU3 VU4 VU5
VU1 1 .324* .483** .648** 561**
VU2 1 .320* A438** 397**
VU3 1 .632** .563**
VU4 1 .768**
VU5 1
*(p<0.05),**(p<0.01)

Cizelge 4.4. Gogiis Derinligi (GD) 5 farkli peryodu arasindaki korelasyon katsayilar
(pearson korelasyon testi)

Fenotip GD1 GD2 GD3 GD4 GD5
GD1 1 A32%* .489** 129** .603**
GD2 1 483** .625** 496**
GD3 1 .769** .763**
GD4 1 .685**
GD5 1
*(p<0.05),**(p<0.01)

Cizelged.5. Kiirekler Arasi Gogiis Derinligi (KAGD) 5 farkli peryodu arasindaki
korelasyon katsayilar1 (pearson korelasyon testi)

Fenotip KAGD 1 KAGD 2 KAGD 3 KAGD 4 KAGD 5
KAGD 1 1 .360* .280 429** .284
KAGD 2 1 A78** .582** 607**
KAGD 3 1 .650** 672**
KAGD 4 1 697
KAGD 5 1

*(p<0.05),**(p<0.01)
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Cizelge 4.6. Gogiis Cevresi (GC) 5 farkli peryodu arasindaki korelasyon katsayilari
(pearson korelasyon testi)

Fenotip GC1 GC2 GC3 GC4 GC5
GC1 1 450%* 728%* 632%* 639%*
GC2 1 6847 T61%* B11**
GC3 1 856%* 805**
GC4 1 781**
GC5 1

*(p<0.05),**(p<0.01)
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Cizelge 4.7. T-Testi Degerleri; Cinsiyete Gore Tanitici Istatistikler

Cinsiyet N Mean DeviSz:Si'on Std. Error Mean
CA2 1 43 28.9767 3.70745 .56538
2 7 29.6714 8.26251 3.12293
CA3 1 41 29.7878 3.51527 .54899
2 8 30.9750 5.75593 2.03503
CA4 1 41 29.9878 3.68430 57539
2 16 29.6125 5.84669 1.46167
CA5 1 42 29.0643 3.69646 57038
2 14 29.1286 5.71939 1.52857
Cy1 1 44 58.4773 3.43199 51739
2 5 61.8000 44721 .20000
CY2 1 43 59.0465 2.88637 44017
2 7 58.7143 7.93125 2.99773
CY3 1 41 60.2439 2.50779 .39165
2 8 65.6250 7.24938 2.56304
CY4 1 41 60.6585 2.88626 45076
2 16 60.8750 5.94278 1.48570
CY5 1 42 60.9286 2.90830 44876
2 14 61.0714 3.17355 .84817
VU1l 1 44 53.5568 3.06749 46244
2 5 53.6000 3.78153 1.69115
VU2 1 43 53.6512 3.84759 58675
2 8 51.3750 5.60453 1.98150
VU3 1 41 54.6707 2.64483 41305
2 8 55.0000 2.72554 .96362
VU4 1 41 55.3171 3.13998 49038
2 16 54.8750 5.25198 1.31300
VU5 1 42 54.8452 3.41176 52645
2 14 53.6786 3.29106 .87957
GD1 1 44 23.7159 2.11692 31914
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Cizelge 4.7. T-Testi Degerleri; Cinsiyete Gore Tanitici istatistikler(devam et)

Cinsiyet N Mean Deviafi:)dﬁ Std. Error Mean
2 5 26.6000 3.28634 1.46969
GD2 1 43 23.0581 1.50479 .22948
2 7 23.7143 2.28869 .86504
GD3 1 41 23.8902 1.42088 22190
2 8 24.8750 2.16712 76619
GD4 1 41 23.7561 1.29481 20221
2 16 24.1875 2.10456 52614
GD5 1 42 23.5190 1.46024 .22532
2 14 23.5000 2.18386 .58366
KAGD1 1 44 15.1136 1.66658 25125
2 5 15.6000 1.51658 67823
KAGD2 1 43 14.0000 1.34519 .20514
2 7 14.1429 3.23669 1.22336
KAGD3 1 41 13.7073 1.05461 .16470
2 8 14.1250 145774 51539
KAGD4 1 41 13.4146 1.01798 .15898
2 16 13.2188 1.12500 28125
KAGD5 1 42 12.9048 .98920 15264
2 14 12.8571 1.46009 .39023
GC1 1 44 71.1136 5.15894 JT7774
2 5 76.4000 8.61974 3.85487
GG2 1 43 70.6279 3.51204 .53558
2 7 70.0000 7.72442 2.91956
GC3 1 41 69.2195 3.60910 56365
2 8 70.0000 4.78091 1.69031
GC4 1 41 68.8293 3.03235 47357
2 16 68.6250 5.28993 1.32248
GC5 1 42 67.4286 3.74259 57749
2 14 68.0000 5.21831 1.39465
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Cizelge 4.8. Correlations Among Growth Parameters

Canh Cidago Viicut Gogiis Kirekler Gog
agirhgr  yuksekligi - uzunlugu  derinligi arasi tsce
gogiis vres
genisligi i
Pearson 1 120 208" 260" 193" 234"
CanliAgirli Correlation
81 Sig. (2-tailed) .082 .002 .000 .005 .001
N 210 210 210 210 210 210
Pearson 120 1 5517 596" 256" 4797
CidagoYl Correlation
ksekligi Sig. (2-tailed) .082 .000 .000 .000 .000
N 210 210 210 210 210 210
Pearson 208" 551" 1 428" 287" 4327
VicutUzu Correlation
nlugu Sig. (2-tailed) .002 .000 .000 .000 .000
N 210 210 210 210 210 210
Pearson 260" 596" 428" 1 536" 678"
GogiisDeri  Correlation
nligi Sig. (2-tailed) .000 .000 .000 .000 .000
N 210 210 210 210 210 210
KireklerA Pearson. 193” 256" 287" 536" 1 7107
rasiGogis C_orrelatlc_m
Genisligi Sig. (2-tailed) .005 .000 .000 .000 .000
210 210 210 210 210 210
Pearson 234" 4797 4327 678" 7107 1
GogiisCevr Correlation
esi Sig. (2-tailed) .001 .000 .000 .000 .000
N 210 210 210 210 210 210

**_ Correlation is significant at the 0.01 level (2-tailed).
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4.2. Molekiler Genetik Analizler
4.2.1. Genomik DNA izolasyonu

VYYU, Arastirma ve Uygulama Ciftlik Midiirliigiine bagli koyunculuk
biriminde yetistirilen Norduz kuzularindan alinan kan 6rneklerinden DNA izolasyonu
yapilmistir. Daha sonra izole edilen DNA’larin agaroz jel goriintiileri elde edilmistir.

(Sekil 4.1)

Sekil 4.1. Koyun Genomik DNA izolasyonu % 1 Agaroz Jel, 75 Volt, 30 dk.

4.2.2. PCR Sonuclari

Izole edilmis kan 6rneklerinden Biiyiime Hormonu Genleri; referans genomik
diziden 2 farkli lokus (GH1 ve GH) belirlenmis ve belirlenen optimal PCR kosullarinda
inceleme altina anilana tiim bireylerin genetik taramasi yapilmistir.

GH1 ve GH lokuslari, gradient PCR ve touch-down PCR yontemleri ile degisik
uzama sicaklart ile optimum Tm 1silar1 belirlenmis ve koyun genomunda PCR ile
cogaltilamamistir (Cizelge 3.1).

GHI1 lokusu optimal uzama sicakligi olan 57.5 °C’de PCR ile ¢ogaltilmis, 422
b¢’lik PCR iiriinti elde edilmis ve 34 bas kuzu bu lokus bakimindan genotiplenmistir.
(Sekil 4.2).
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GH lokusu optimal uzama sicakligi olan 57.5 °C’de PCR ile ¢ogaltilmig, 934
b¢’lik PCR driini  elde edilmis ve 26 bas kuzu bu lokus bakimindan
genotiplenmistir.(Sekil 4.3).

Sekil 2.2. GH1 (422 bp) lokusuna ait PCR Sonuglari; Uzama Sicakligi: 57.5 °C
% 2 Agaroz Jel, 75 Volt, 2 sa.

Cizelge 4.9. PCR Master Mix for GH1

PCR master mix pl 16
dH,O 15.1 90.6
10X buffer 2.5 15
MqCl, 1.5 9
DMSO 0.35 2.1
Dntp 1 6
Primer Reverse 1 6
Primer Forward 1 6
Taqg Polimeraz 0.2 1.2
DNA 25

Total=25
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4.2.3. PCR Programlar

GHI1 geni i¢in uygulanan PCR kosullar1 asagidaki gibidir.

95°C 10m
96 °C 40Sc
58 °C 35Sc
72°C 42Sc
72°C 10m

Sekil 4.3. GH (934bp) lokusuna ait PCR Sonuglari; Uzama Sicakligt: 57.5 °C %1.5
agarose, 80V, 2

Cizelge 4.11. PCR Master Mix for GH

PCR Master Mix ul 4
dH,0 17.64 70.56
10 X Buffer 5 20
MgCl, 2 8
DMSO 0.5 2
dNTB 1 4
Reverse Primer GH 1 4
Forward Primer GH 1 4
Tagq DNA Polymerase 1 4

1 pl DNA sample 1

Total Volume 30 116.56
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