CHAPTER-1:  INTRODUCTION

Goat population in Bangladesh is about 60.07 million which stands for the third largest livestock species in the country and reared by the rural landless and small-scale farmers (FAOSTAT, 2018). Goats can play a very valuable role in the livelihood of a large proportion of small farmers particularly women, landless and marginal farmers inhabiting geographically isolated areas, who seldom have other means of survival (Choudhury et al., 2012). In our country goat is called “poor man’s cow”- assisting to boost up the income of landless marginal people particularly poor women having small capital (Nath et al., 2014). As the goat farming business can be operated through a low investment, it has given the opportunity of employment and income generation to small farmers and women. Therefore, goat farming has become a boon to poverty alleviation. The amount of feed and fodder necessary for one cow can be easily reared for 5-6 goats, and farmers having less land can easily raise 2-4 goats. The importance of this valuable genetic resource is underestimated and its extent of contribution to the livelihood of the poor is inadequately understood.

Goats are considered to be one of the most prolific among domestic food animals in the tropics having a unique ability to adapt in harsh conditions. Goat rearing has distinct economic and managerial advantages over other livestock species because of its less initial investment requirements, low input requirement, higher prolificacy, early sexual maturity with shorter generation intervals and easy in marketing (Siddiky, 2017). Goats also play a significant religious and socio-economic role in rural communities. They are sacrificed on special occasions such as annual Hindu festivals (example Manasha Puja, Durga Puja and Kali Puja) to appease local deities and also during social occasion’s example, New Year and weddings. Quick economic returns helped smallholder farmers to generate income in the shortest period. The growth in goat population in south Asia has been increasing due to their demand. Bangladesh has a native goat breed known as the Black Bengal goat, exotic breeds such as the Jamnapari, Sirohi, Beetal and Crossbreds between the Black Bengal goat and exotics. It is estimated that more than 90% of the goat population in Bangladesh comprised the Black Bengal, the remainder being Jamnapari and their crosses (Husain, 1993). Although Jamnapari goat found throughout the country but more concentration is found in the western and northern part like Chuadanga, Meherpur, Kushtia, Jhenidah, Pabna, and Jessore adjacent to the Indian border. The number of this breed is not known but it has been estimated that about 8-9% goat are Jamnapari (Faruque and Khandoker, 2007). The crossbred goat also observed in Bangladesh and the crosses are mainly Black Bengal×Jamnapari. Currently, some other crosses are also found in the country. In Bangladesh most of the farmers used natural mating systems to serve their does. Although, some NGOs like BRAC started artificial insemination in goat with very limited scale. Hossain et al. (2015) found that majority of goat keepers (70.7%) used village buck to inseminate their does and most of the farmers (73.2%) paid service charge to the buck keepers while most of the farmers (80.5%) did not keep bucks for breeding. But nowadays for the fulfillment of the growing demand of protein, a structured genetic improvement of goat breeding system should be introduced. 

Geneticists unvarying endeavor to boost benefit from domesticated animals can be accomplished by improving the genetic potential utilizing appropriate selection strategies. Reproductive traits have a high economic value in breeding and improvement of reproductive traits in goat and sheep has become of skyrocketing interest for geneticists as a result of moderate increases in litter size will equal massive gains in profit. The improved reproductive efficiency and an increased fertility rate of animals can eventually make ready for the financial benefit of farmers.  Selective breeding as a conventional strategy is going to be a slow process for improvement of the reproductive potential (Pardeshi et al., 2005) because of sex-limited nature and low heritability of the trait (5-10%). Moreover, the absence of information on the number of the genes controlling the trait and the possible gene inter-linkage are another constraint. The advancement of biotechnology and molecular genetics, it can conquer these impediment providing new open doors for the enhancement of reproductive traits, as it provides appliance to investigate genetic variation directly at the DNA level with the likelihood of recognizing the individual gene affecting the reproductive capability. Exploring and discovering of fertility genes in goat breeds can effectively increase their reproductive performances through marker-assisted selection (MAS) that can propose a clarification for improvement in traits that are expressed later in life (Williams, 2005). 
	
For the last decade, molecular genetics has driven to the disclosure of individual genes or candidate genes with significant impacts on the litter size trait. These are like BMP15, BMP4, BMPR1B, GDF9, FSHR, KISS-1, CDH26, SETDB2, KITLG, KDM6A, GnRHR, LHβ, LHX4, PITX2, POU1F1, PRLR, INH, CART and IGF1, have been identified which might possibly make a contribution towards molecular breeding to improve productivity of goat (Hanrahan et al., 2004; Galloway et al., 2002; Lai et al., 2016). They are necessary for normal oocyte formation, follicular growth, differentiation and maturation, survival and proliferation of granulosa cells, increase ovulation rate and thereby increase litter size (Moore et al., 2003; Persani et al., 2014). There is a need for extensive research of these genes involved in the control of fecundity.

Very few studies have been carried out on Bangladeshi goat till to date (Afroz et al., 2010; Hassan et al., 2007). Studies on the genetics of fecundity in sheep and goat, many countries explored the involvement of GDF9 (Hanrahan et al., 2004), BMP15 (Galloway et al., 2002) and CDH26 (Lai et al., 2016). BMP15 gene is exclusively expressed in the oocyte, which is responsible for a huge range of cellular behaviour including the development and maturation of the oocytes (Moore et al., 2003, Persani et al., 2014). On the other hand, autosomal GDF9 has an essential role in controlling the follicular growth through its influence on granulosa cell function (Otsuka et al., 2011; Knight and Glister, 2003). Mammalian fertilization involves a series of well-orchestrated cell-cell interaction steps between gametes, as well as among spermatozoa and somatic cells of both the male and female reproductive tracts. Cadherin dependent proteins are Ca2+ dependent glycoproteins that have been involved in cellular adhesion and signaling in somatic cells (Vazquez-Levin et al., 2015). The expression of E- and N-cadherin involved during spermatogenesis, oogenesis, folliculogenesis and their involvement in gamete transport in the reproductive tracts. Moreover, current knowledge of E- and N-cadherin presence in cells of the cumulus-oocyte complex and spermatozoa from several mammalian species, and shows gathered evidence on their participation in different steps of the fertilization process (Vazquez-Levin et al., 2015). There are findings regarding the investigation of polymorphism of these three genes and their association with litter size in goat breeds, but most studies are related to sheep. The present study aimed to identify the genetic marker variants in three genes associated with fertility and reproduction traits in Bangladeshi goats. 

In this study, we hypothesized that there would be polymorphisms in the GDF9, BMP15 and CDH26 are segregating Bangladeshi goat that would associate with litter size. However, so far, no molecular screening, if present, using DNA based technologies were attempted for identification of genetic markers associated with fecundity traits in Bangladeshi goats. Considering the above background, the present study was carried out with the following objectives.

Objective/s
1. To identify polymorphism in fecundity associated genes GDF9, BMP15 and CDH26 in goats of Bangladesh.
2. To make association among identified polymorphisms for litter size in study population.
3. To observe the genetic diversity for the selected genes of Bangladeshi goat with other goat breeds.











CHAPTER-2:  REVIEW OF LITERATURE

Meat demand and meat industry is growing with a very fast pace in the world and in Bangladesh, which attracts the researchers to increase meat production through selective breeding and marker associated selection. Relevant articles on fecundity in goat, genes responsible for litter size, mutation, the advancement of molecular techniques have been reviewed in this section. The main focus of this section is to provide adequate and authentic information related to the previous research and to give the appropriate reasons behind the present research of litter size associated genetic marker in Bangladeshi goat. In this literature, our focal point of attention is about molecular genetics research of various fecundity genes associated with litter size with particular emphasis on studies involving domestic small ruminants. Taking everything into account, it is salient to review fertility genes to improve production efficiency, stabilizing optimum litter sizes associated with reproduction. The important findings of different articles associated with litter size in goat have been described under the following headings as beneath.

2.1. Socio-economic importance of goat
Worldwide, there are more than 1 billion goats which are more than the global pig population and 13.5 percent less than the global sheep population (FAOSTAT, 2018). More than 94.37 percent of these goats are located in Asia and Africa, with only 1.61 percent in Europe, where Greece and Spain are the countries with the most heads. About 38.75 percent of the world’s goats are located in four countries: Bangladesh, China, India and Pakistan (FAOSTAT, 2018). FAO estimates that global production of goat meat is about 5.98 million tonnes, representing an increase of 14% since 2010 (FAOSTAT, 2018). According to FAOSTAT, 2018 most of this meat is produced in Asia (4.28 million tonnes) and Africa (1.43 million tonnes), which together account for 95.40 percent of the world’s goat meat production (5.98 million tonnes). Bangladesh (0.22 million tonnes), China (2.33 million tonnes), India (0.50 million tonnes) and Pakistan (0.34 million tonnes) are the leaders in both meat and milk production.

In Bangladesh, goats are primarily raised by landless poor farmers, particularly by resource poor women. About 26.2 million goats are distributed throughout the country (DLS, 2018-19). The demand for animal protein is increasing with a growing human population in our country. However, goat meat contributes only about 5% to the national meat production in Bangladesh (DLS, 2018-19). The growing demand has urged an increase in local goat production, which requires an increase both the number of goats on suitable farms and the size of goat herds.  In addition to meat, goat milk also provides additional nutritional value to our demand for the animal protein. Currently, annual goat milk production in Bangladesh is about 1.12 million tons (FAOSTAT, 2018). Goats are also used like a cash crop to poor farmers by selling them at a particular financial need. Furthermore, the export earnings from goat or kid skin leather, without hair was 2.80 million US$, leather further prepared after tanning or crusting of goats or kids was 0.93 million US$ and wool of Kashmir (cashmere) goats was 6.90 million US$ during July to November, 2019 in Bangladesh (EPB, 2019), hence the increased number of goats can also hold up the foreign currency income. Taken together, this proposal is significant because it will identify genetic markers associated with fecundity in different goat breeds, which can be used to design breeding strategies that maximize the benefits by increasing number of goats in Bangladesh.  The impact of this study will be far-reaching in the socio-economic condition of farmers as an increased number of goats directly contribute to protein demand and income generation, and indirectly to the women empowerment in rural Bangladesh.

2.2. Goat genetic resources in Bangladesh
Bangladesh has a native goat known as the Black Bengal goat, exotic breeds such as the Jamnapari, Sirohi, Beetal and crossbreds between the Black Bengal goat and exotics. Although Jamnapari breed found throughout the country but more concentration is found in the western and northern part like Chuadanga, Meherpur, Kushtia, Jhenidah, Pabna, and Jessore districts those are adjacent to the Indian border. The number of this breed is unknown but it has been estimated that about 8- 9% goat are Jamnapari. (Faruque and Khandoker, 2007). Crossbred goats are also observed in Bangladesh and the crosses are mainly Black Bengal×Jamnapari. Besides these there are some breeds particularly found in urban and peri-urban areas of Rajshahi region for example Sirohi, Beetal and Barbari goats. These exotic goats are very attractive in appearance, bigger in size, high in price, return more profit to the goat farmers. 

2.2.1. Black Bengal goat
Black Bengal goat is the heritage and pride of Bangladesh. Like other domestic goat breeds in South Asia, Bengal goat believed to be derived from wild bezoar of Pasang (Capra aegagrus) (Herre and Rohrs, 1973) with infiltrated blood from Markhor (Capra falconeri). Considering the geographical and cultural connection between South China and the Bengal area from old times across the South-Eastern offshoot of Tibetan plateau, Nozawa, (1991) suggested that Black Bengal goat inherit some genetic material from the South Chinese goats. They are more or less evenly distributed throughout the country with a relatively higher concentration in the northwestern areas of Bangladesh. Though majorities of the Black Bengal bear black coat color, black and white, brown, brown and white and white coat colors are also common in the Black Bengal population. Black Bengal goats are dwarf breed and are known to be famous for its adaptability to the adverse environmental conditions, higher disease resistance against the common diseases, higher prolificacy, seasonality and superiority in the litter size, fertility, early sexual maturity, delicacy of meat and superior skin quality (Devendra and Burns, 1983; Husain et al., 1998). The average mature body weight of Black Bengal goat was 14 to 20 kg (Miah et al., 2016; Banerjee et al., 2018). Average litter size for Black Bengal goat is 1.4 (Devendra and Burns, 1983) and 2.15 (Amin et al., 2001) which confirm the reputation of Black Bengal goats for high fecundity. However, some authors reported that their growth rate is slow; milk yield is as low that sometimes it is not sufficient for their kids and higher kid mortality (Amin et al., 2001; Chowdhury et al., 2012).

2.2.2. Jamnapari goat	
The Jamnapari goat is one of the ancestors of the American Nubian. They were derived from crossing Jamnapari from India and Egyptian Zaraibi with native English goats, when they arrived in England on merchant boats as part of every cargo (Gour et al., 2006). The Jamnapari is known as the best dairy goat in Bangladesh. It is also the tallest breed and commonly known as the "Pari" in its area of origin-the "home tract"- because of its majestic appearance. Its home tract and natural habitat is the Chakarnagar area of the Etawah district in the State of Uttar Pradesh, along the delta of the Jamuna and Chambal Rivers, and the Bhind and Morena district of the State of Madhya Pradesh along the Kwari River, east of New Delhi and not far from the famous Taj Mahal at Agra (Acharya, 1982). However, the pure stocks are found only in about 80 villages in the vicinity of Batpura and Chakar Nagar in Etawah district. The Jamnapari is well adapted to the unique ravines of this area with its dense bush and shrub vegetation (Rout et al., 2002). The number of this goat in Bangladesh is not known, but most are found in Chuadanga, Meherpur, Kushtia, Jhenidah, Pabna, and Jessore districts (Faruque and Khandoker, 2007). They are reared both in the intensive and semi-intensive management system. There is a great variation in coat colour, but the typical coat is white with small tan patches on head and neck. They are characterized by large-sized, tall, leggy with large folded pendulous ears, short horns, and prominent Roman nose and tail. But the typical character of the breed is a highly convex nose line with a tuft of hair, yielding a parrot mouth appearance. The average growth rate of male and female kids are about 59.4 gm/day and 48.2 gm/day, respectively. The adult weight of Jamnapari bucks and does are 50.70±3.53, 24.27±1.67, respectively (Bhowmik et al., 2014) and average body weight just after kidding is 26.7 kg (Hassan et al., 2010). A long and thick growth of hair on the buttocks, known as feathers, obscures the udder when observed from behind. The udder is well developed, round, with large conical teats. Highest milk yield is recorded in second month and lowest in the fifth month after kidding. Lactation length is about 135.4±14.9 and 143.9±13.2 days for does suckling one and two kids, respectively and average litter size is recorded 1.7±0.6 (Hassan et al., 2010).

2.2.3. Crossbred goat
Crossbreds allow commercial producers to fix on desirable traits from two or more breeds and achieve increased vigor in the ensuing kids. But crossbreeding does not always give way desired outcomes, sometimes blending the less-desirable traits of the parents, rather than expressing the best. However, crossbreed results in a stronger and healthier flock that is easier to maintain. In Bangladesh, the crossbred are mainly Black Bengal×Jamnapari goat available throughout the country. The adult body weight of crossbred bucks and does are recorded 40.38±2.90 kg and 35.72±2.97 kg, respectively and the average age at puberty of crossbred goats is 287.50±22.57 days (Bhowmik et al., 2014). Age at first kidding of crossbred goat is 471.25±21.25 days and gestation period of is 147.85±7.74 days (Bhowmik et al., 2014). This crossbred goat is becoming more and more popular to the western part of the country due to their larger body size, more carcass yield and more market prices as compared to Black Bengal goat and Jamnapari goat.
2.3. Litter size/Fecundity
“Fecundity” signifies the potential of the feminine to produce a huge number of healthy young ones in their life expectancy through high ovulation rate and high embryo survival. Thus fecundity alludes to the potential production, and fertility to actual production of live offspring.  The main focus of every breeder is to urge most profit potential from the animal one’s raising. This can be accomplished by upgrading the genetic potential utilizing appropriate selection strategies. Kidding and lambing rate is the foremost essential figure influencing profitability in small ruminants. Ideal approach to higher the numerical productivity (number of offspring produced per goat per year) is that which are closely connected to reproductive traits in livestock species has become of fascinating topic, especially in small ruminants, where small increase in litter size can equal large gain profits (Ghaffari et al., 2009; Ran et al., 2011). But, it is difficult to obtain selection improvements in traits associated with reproduction, since they are lowly heritable.

In mammals, the ovulation rate and litter size is a critical and complicated economic trait resulting of well-regulated interactions of endocrine and paracrine mediators (Silva et al., 2005) and a very critical factor for increasing livestock industry (Baird and Campbell, 1998). The number of mature oocytes released during one reproductive cycle and estrous is determined by complex exchange of endocrine signals between the pituitary gland and the ovary just as the paracrine and autocrine signals within the ovarian follicles including the oocytes and its neighboring somatic cells (Knight and Glister, 2003; Shimasaki et al., 2004). Despite the fact that the inclination of twining and triplicate is habitual in both sheep and goats, how the litter size is precisely controlled remains a censorious question in reproductive biology (Polley et al., 2009). Contrasts among does/ewes in litter size (single, twin and triplet) are largely due to non-genetic factors, for example, management and nutrition. Genetic change is permanent but nutrition and management fluctuate from year to year.

Litter size in animals is controlled by multiple genes and factors including, ovarian follicular development, oocyte maturation, ovulation, fertilization, embryogenesis, embryo implantation, and uterine receptivity. These fecundity traits are regulated by gonadotropins, ovarian steroid hormones, and growth factors including luteinizing hormone (LH), follicle stimulating hormone (FSH), 17β-estradiol (E2), progesterone (Prog), and activin A (a protein complex belong to the TGF-β protein super family).
 
2.4. Contemporary selection method for low heritable trait
Livestock commercial business fully relies upon improvements in female fertility. As a standout amongst the most essential factors restricting female fertility, increasing litter size has received much more consideration (Naicy et al., 2016). However, litter size as low heritable trait, traditional selection method is ineffective. At present, marker-assisted selection, based on relevant genetic variants, is used significantly to improve traits with low heritability, such as those related to growth and reproduction (Sharma et al., 2013; An et al., 2015b). Marker-assisted selection (MAS) technology lets in the accurate selection of favorable sequence variants shown to have a desirable effect on performance which for that reason eliminates most of the guess-work associated with the traditional phenotypic selection. To facilitate MAS strategy to litter size in the goat industry, critical genetic variations causing phenotypic gain should be verified.

2.5. Advancement of molecular technology for genotyping
In the most recent years, the use of molecular markers, discovering polymorphism at the DNA level, has been playing an increasing part in animal genetics studies. Amongst others, the microsatellite DNA marker has been the foremost widely used, because of its simple use by basic PCR, followed by denaturation, gel electrophoresis for allele size determination, and to the high level of data given by its large number of alleles per locus. 

From the molecular mechanism point of view, the three main variation types at the DNA level are single nucleotide changes, now named SNPs (Single nucleotide polymorphisms); InDels (Insertions or deletions of various lengths ranging from 1 to several hundred base pairs) and VNTR (Variations in the number of tandem repeats). The molecular techniques used for genotyping will be adapted to the variation type and to the scale and throughput envisaged. Despite this, after a whole decade of domination in the molecular genetics field for human and animal genome studies by the microsatellite markers, single nucleotide polymorphism, is presently on the scene and has gained high popularity, even though it is just a bi-allelic type of marker and are the most recognized type of polymorphisms in the genomes of most organisms because of their abundance in both coding and non-coding regions (Vignal et al., 2002).

Single nucleotide polymorphism (SNP), a novel molecular marker technology, refers to a single base change caused by a single nucleotide mutation at a specific locus in the DNA sequence (Gupta et al., 2001). This sort of polymorphism includes single base transitions, transversions, insertions and deletions (Lander, 1996), and the minor allele frequency should be 1% or greater (Vignal et al., 2002). Although in principle, in every position of a sequence stretch, any of the four possible nucleotide bases can be present. One of the explanations for this is the low frequency of single nucleotide substitutions at the origin of SNPs, estimated to be between 1×10−9 and 5 × 10−9 per nucleotide and per year at neutral positions in mammals (Li et al., 1981; Martínez-Arias et al., 2001). Therefore, the probability of two independent base changes occurring at a single position is very low. Another reason is because of a bias in mutations, leading to the prevalence of two SNP types. Mutation mechanisms result either in transitions: Purine-Purine (A⇔G) or Pyrimidine-Pyrimidine (C⇔T) exchanges, or transversions: Purine-Pyrimidine or Pyrimidine-Purine (A⇔C, A⇔T, G⇔C, G⇔T) exchanges. Application of molecular genetics for identification of gene loci and chromosomal regions that contain single nucleotide polymorphisms (SNPs) affecting economically important traits in livestock has received phenomenal lift within the last decade (Jiang et al., 2010; Hajihosseinlo et al., 2013; Ibeagha-Awemu et al., 2016). Some authors take into account one nucleotide base pair InDels (insertions or deletions) as SNPs, though they actually occur by a unique mechanism.

2.6. Genes associated with litter size
The genetic materials are found in the form of deoxyribonucleic acid (DNA) in chromosomes. The genetic basis of caprine prolificacy remains to be explored. Genes responsible for litter size traits are of prime significance and also an important fecundity traits in goats and are of high economic value (Notter, 2008), where those can be genetically regulated by many genes with small effects and sometimes also by single genes with major effects, called fecundity (Fec) genes (Drouilhet et al., 2009). Identifying the genes is a common starting point in understanding the molecular mechanisms underlying biological processes including differentiation and development. Several genes (Table 1) have recently been shown to affect female fecundity in goat (Yang et al., 2011; Yan et al., 2018; Lai et al., 2016; Bemji et al., 2018; Maitra et al., 2016). For example, BMPR1β plays significant role for increase in ovulation rate and litter size; GDF9 for early folliculogenesis and its mutations can increase ovulation and infertility in female mammals; BMP15 regulates granulosa cell proliferation and differentiation by promoting granulosa cell mitosis and CDH26 involved during spermatogenesis, oogenesis and folliculogenesis, and their involvement in gamete transport in the reproductive tracts.

In goats approximate 271 candidate genes have been detected. Extensive research has been carried out on different prolific goat breeds to identify the genes involved in the control of litter size (Polley et al., 2009). Recent research on prolific goat breeds like Boer, Haimen, Huanghuai, Nubi, Liaoning Cashmere, Matou, Inner Mongolia Cashmere and Jining Grey, recommended that higher prolificacy in goat is not like that of sheep (Chu et al., 2007b; Hua et al., 2008). In recent years, a number of natural genetic mutations associated with litter size in goat breeds have been identified including point mutations and silent mutations in the Growth differentiation factor 9 (Arefnejad et al., 2018; An et al., 2013a; Zhu et al., 2013; Sonika et al., 2012; Wang et al., 2018); Bone morphogenetic protein 15 (Arefnejad et al., 2018; Heikal and El Naby 2017; Jalbani et al., 2017; Wang et al., 2011; Ghoreishi et al., 2011); Bone morphogenetic protein receptor 1B (Wouobeng et al., 2018; Dutta et al., 2014; Chu et al., 2010; Ahlawat et al., 2016); Bone morphogenetic protein 4 (Sarma et al., 2019; Sharma et al., 2013b); Cadherin 26  (Lai et al., 2016); Kisspeptin 1 (Zheng et al., 2018; Mekuriaw et al., 2017; An et al., 2013b; Hou et al., 2011; Cao et al., 2010); Pituitary transcription factor-1/ POU class 1 homeobox 1 (Feng et al., 2012; Lan et al., 2007; Zhu et al., 2019); KIT ligand (An et al., 2015a; An et al., 2015b; An et al., 2016), Inhibin subunit α (Chu et al., 2012; Liu et al., 2017); Follicle stimulating hormone receptor gene (Zhu et al., 2007; Cui et al., 2009) and Gonadotropin-releasing hormone receptor (Ariyarathne et al., 2015; Yang et al., 2011), Paired-like homeodomain transcription factor 2 (Yan et al., 2018a), LIM Homeobox 4  gene (Yan et al., 2018b; Li et al., 2008), G protein-coupled receptor 54/KISS 1 receptor (Cao et al., 2011), Follicle stimulating hormone beta (An et al., 2010), Luteinizing hormone subunit beta (Sun et al., 2009; Huang et al., 2010; Ren et al., 2010; Li et al., 2011), Gonadotropin Releasing Hormone 1 (An et al., 2013a), Growth hormone 1 (Amie et al., 2012), Prolactin receptor (Li et al., 2011; An et al., 2015c), Cocaine-amphetamine-regulated transcript prepropeptide, Melatonin receptor 1B (Lai et al., 2013) and Insulin like Growth factor 1 (Qiong et al., 2011; Sharma et al., 2013a) genes. They are necessary for normal oocyte formation, follicular growth, differentiation and maturation, survival and proliferation of granulosa cells, increase ovulation rate and thereby increase litter size. This gene might possibly make a contribution towards molecular breeding to improve the productivity of goat etc. The investigation and use of this fecundity gene in goat production will allow improving the reproductive traits and consequently an extending genetic improvement. Identification of various genetic polymorphisms (SNPs) and their association with prolificacy may be helpful to increase the reproductive capability including reproductive seasonality and litter size, which will be a rapid and economic method to improve the goat breeding speed. The BMP15, GDF9, CDH26, BMPR1B, KISS1, GnRHR, FSHR and PITX2 genes with multiple SNPs may be suitable candidate genes for increasing the litter size in goat.

Despite the development made in goat fecundity research, it’s tough to fulfill the actual application due to the fact that the reproductive traits are complex quantitative traits involving multiple genes, loci and interactions. The application of marker assisted selection in livestock also has some limitations. As most economic traits are influenced by many genes, tracking a small number of these through DNA markers will only explain a small proportion of the genetic variance. In addition, individual genes are likely to have small effects and so a large amount of data is needed to accurately estimate their effects. So it is important to analyze the combined effect of multiple genes or loci on reproductive traits. Little progress has been made on understanding interaction between genes, gene and environment, and genetic effect analysis. The structure, function and control mechanism of important candidate genes are not completely understood. The mechanism by which mutated genes alter the growth and number of ovulatory follicles needs to be established. Thus the need of the hour is to identify more functional genes, clarify the molecular mechanism of action and regulatory network and to resort to more holistic approaches like genomic selection which can tremendously accelerate the goat improvement.
Genomic selection or whole-genome selection has been possible because of recent developments in technology such as genome sequencing, identification of large number of markers across the genome in the form of single nucleotide polymorphisms (SNPs) and cost effective high throughput genotyping often of thousands of such SNPs on individual animals. Goat single nucleotide polymorphism (SNP) panels i.e. SNP chips can allow screening the genetic variability of this valuable species and genomic selection in turn can improve molecular breeding of goats.

Table 1: Location and function of important fecundity genes of goat for prolificacy

	Candidate gene
	Location
	Functions
	Authors

	
	Chromosome
	Exon
	
	

	POU class 1 homeobox 1 (POU1F1)
	1
	6
	· Necessary for the normal differentiation, development and survival of three adenhypophysis
cell types (thyrotrophs, somatotrophs and lacto-trophs).
	Li et al. (1990); Simmons et al. (1990)

	Inhibin subunit alpha (INB α)
	2
	2
	· Inhibit the synthesis and secretion of FSH.
· Recruitment and development of ovarian follicles during foliculogenesis.
· Strong candidate gene for premature ovarian failure.
	Robertson et al. (1985); 
Woodruff et al. (1996)


	KIT ligand (KITLG)
	5
	10
	· Participates in the survival and proliferation of granulosa cells (GCs), in the recruitment of theca cells from the ovary stroma and in the regulation of steroidogenesis.
	Driancourt et al. (2000)

	Insulin like Growth factor 1 (IGF1)
	5
	7
	· Important role in reproduction, foetal development and growth.
· Regulates the secretion of GnRH, stimulates ovarian function and steroidogenesis likely due to anti-apoptotic effects. 
· Mediates the nutritional effects on follicular development 
	Sirotkin et al. (2003); Velazquez et al. (2008);
Djuricic et al. (2011);
Yu et al. (2003);
Webb et al. (2004)

	Bone morphogenetic protein receptor type-1B (BMPR-1B)
	6
	20
	· Significant role for increase in ovulation rate and litter size.
· Regulates growth and differentiation in many cell types and play essential roles during embryogenesis and the fertility in mammals.
	Ghaffari et al. (2009); Murakami et al. (2009)

	Gonadotropin-releasing hormone receptor (GnRHR)
	6
	3
	· Regulating the activities of hypothalamo-pituitary-gonadal axis which triggers the biosynthesis and secretion of the gonadotropins (LH & FSH) from the pituitary.
	Kumar and Trant, (2001); Kah et al. (2007)

	Paired like Homeodomain 2 (PITX2)
	6
	6
	· PITX2 gene also regulates twinning owing to PITX2 gene function in embryonic axis formation, and influences on embryo polarity.
	Torlopp et al. (2014)

	Growth differentiation factor 9 (GDF9)
	7
	3
	· Plays a crucial role in early folliculogenesis, and its mutations can increase ovulation and infertility in female mammals.
	Otsuka et al. (2011);
Knight and Glister, (2003)

	G protein-coupled receptor 54 (GPR54)/ KISS1R
	7
	5
	· Key regulator and a catalyst for puberty onset, and a fundamental gatekeeper of sexual maturation in mammals.
	Chu et al. (2012)

	Gonadotropin-releasing hormone 1 (GnRH 1)
	8
	3
	· Maintaining the sensitivity of the pituitary gland to GnRH stimulation and is thus indispensable to support normal reproduction.
· Stimulates the release of gonadotropins, LH and FSH from the pituitary gland, ultimately controlling gonadal function.
	Knobil, (1980);
Jih and Wu, (1995);
Fulghesu et al., (1997)

	Bone Morphogenetic Protein 4 (BMP4)
	10
	6
	· Regulation of mammalian ovarian folliculogenesis.
· Acts as a paracrine factor to promote follicular growth and differentiation, cumulus expansion and ovulation.
	Knight and Glister, (2006);
Shimasaki et al. (1999)

	Follicle stimulating hormone receptor (FSHR)
	11
	10
	· Maintains follicle growth, development, differentiation and maturation as well as spermatogenesis.
	George et al. (2011)

	Cadherin 26 (CDH26)
	13
	16
	· Cadherin dependent proteins are Ca2+ dependent glycoproteins involved during spermatogenesis, oogenesis and folliculogenesis, and their involvement in gamete transport in the reproductive tracts. 
	Vazquez-Levin et al. (2015)

	Follicle stimulating hormone subunit beta (FSHβ)
	15
	3
	· Regulation of gonadal function and follicle development in mammals.
· Required for ovarian development, follicle recruitment and oocyte maturation.
	Aerts and Bols, (2010);
Howles, (2000)

	KISS-1
	16
	2
	· A major upstream regulator of neurons secreting GnRH.
· Has crucial function in key aspects of reproductive maturation and function.
	Gottsch et al. (2004)
Tena-Sempere, (2010)

	LIM/Homeobox 4 (LHX4)
	16
	6
	· Regulating the development of the pituitary and nervous system, as well as in participating in the LHX3-LHX4-PROP1-POU1F1 pathway.
· Regulates the secretion of hormones, such as FSH, GH, LH, TSH, and PRL by acting on the pituitary gland directly or indirectly.
	Wu et al. (1998); 
Sloop et al. (2000)
Mullena et al. (2007)

	Luteinizing hormone subunit beta (LHβ)
	18
	3
	· Plays an essential role in gametogenesis and sexual development of mammals.
· Essential for steroidogenesis and reproductive function in both males and females.
	Ma et al. (2004); 
Coss et al. (2005)

	Growth hormone 1
(GH 1)
	19
	5
	· Directly involved in mediating nutritionally - induced changes in follicular development. 
· Plays an important role in the control of reproduction, in those aspects involving cell division, ovarian folliculogenesis, oogenesis and secretory activity.
· GH is expedient in controlling proliferation and apoptosis, oocyte maturation, and the expression and synthesis of receptors to hormones and related substances by acting through specific receptors within the ovary,
	Armstrong et al. (2003);
Schams et al. (1999); 
Hull and Harvey, (2002);
Sirotkin et al. (2003)




	Prolactin receptor (PRLR)
	20
	11
	· Controlled by interplay of two different mechanisms involving PRL or ovarian steroid hormones independently or in combination in a tissue-specific manner.
· Involved in many physiological activities and it is indispensable for mammalian reproduction and growth. 
	Terman, (2005)
Bole-Feysot et al. (1998)

	Cocaine-amphetamine-regulated transcript prepropeptide (CARTPT)
	20
	3
	· Candidate gene in the hypothalamic-pituitary-gonadal axis and hypothalamic-pituitary -adrenal axis, particularly in the regulation of GnRH secretion and onset of puberty.
	Boone et al. (2008)

	Melatonin receptor 1B (MTNR 1B)
	29
	2
	· Targets two high-affinity G protein-coupled receptors (GPC
Rs): melatonin receptor 1A (also known as MT1, encoded by MTNR 1A) and MT2 (encoded by MTNR 1B) that modulate both Giprotein /adenylyl cyclase and ERK1/2 pathways.
	Dubocovich et al. (2010)

	Bone Morphogenetic Protein 15 (BMP15)
	X 
(Un-localized Scaffold)
	2
	· Regulates granulosa cell proliferation and differentiation by promoting granulosa cell mitosis, suppressing follicle-stimulating hormone receptor expression, and stimulating kit ligand expression, all of which play a pivotal role in female fertility in mammals
	Moore et al. (2003);
Persani et al. (2014)



2.7. Growth differentiation factor 9 (GDF9)	
2.7.1. Structure and expression
Growth differentiation factor 9 (GDF9) is an oocyte derived growth factor in the transforming growth factor β (TGFβ) super family which is an autosomal major gene located on chromosome 7 (Chr 7: 66,025,761-66,028,245 forward strand) with three exons in goat. This transcript has 2 exons annotated with 12 domains and features which is associated with 99 variant alleles and maps to 1 oligo probe (https://asia.ensembl.org/Capra_hircus/Transcript/). It is highly expressed in the oocyte and has a pivotal influence on the surrounding somatic cells, particularly granulosa, cumulus and theca cells (Otsuka et al., 2011). Paracrine interactions between the developing oocyte and its surrounding follicular cells are essential for the correct progression of both the follicle and the oocyte. Expression of GDF9 mRNA and protein were detected at all stages of ovarian follicles and luteal tissue in the caprine ovary (Silva et al., 2005). It is detectable from follicular development, primordial stage (in ruminants, Bodensteiner et al., 1999) or primary (in mice, McGrath et al., 1995) and is essential for the development of secondary follicles, since mice with deletion of this gene showed to be infertile and with follicular development interrupted at the primary stage (Dong et al., 1996; Silva et al., 2005; Mello et al., 2013). Furthermore, GDF9 stimulated pre-antral follicular growth in in-vivo rats, probably by potentializing the proliferation the granulosa cells (Vitt et al., 2000).

GDF9 acts through two receptors on the cells surrounding the oocyte, it binds to bone morphogenetic protein receptor 2 (BMPR2) and downstream to this utilizes the TGFβ receptor type 1 (ALK5) (Gilchrist et al., 2008). Ligand receptor activation allows the downstream phosphorylation and activation of SMAD proteins (Castro et al., 2016).  SMAD proteins are transcription factors found in vertebrates, insects and nematodes, and are the intercellular substrates of all TGFβ molecules (Huang et al., 2009). GDF9 specifically activates SMAD2 and SMAD3 which form a complex with SMAD4, a common partner of all SMAD proteins that is then able to translocate to the nucleus to regulate gene expression.

2.7.2. Role of GDF9 gene in litter size
The GDF9, a candidate gene for high prolificacy was the first oocyte-specific factor that was shown to cause cumulus expansion, working as an oocyte paracrine action factor that regulates several key enzymes of granulosa cells proving the importance of this factor in creating an optimal microenvironment for the acquisition of oocyte developmental competence through an oocyte-somatic cell interaction in female reproduction (Chu et al., 2011a, Gottardi and Mingoti, 2009; Pangas and Matzuk, 2005; Hanrahan et al., 2004; Elvin et al., 1999). The gene encoded prepropeptide is processed into a factor that is required for ovarian folliculogenesis. This factor promotes primordial follicle development and stimulates granulosa cell proliferation. GDF9 increases the number of primary follicles with a subsequent decrease in the number of primordial follicles (Vitt et al., 2000). 

2.7.3. Genetic polymorphisms of GDF9 reported in literature
Different mutations of GDF9 gene may cause either an increased ovulation rate or infertility in ovine. Up to date, four mutations of GDF9 gene had been identified in sheep including G1 (Barzegari et al., 2010; Polley et al., 2010), FecGH (Hanrahan et al., 2004), FecGE (Silva et al., 2005) and FecTT (Nicol et al., 2009). The FecGH mutation (high fertility) causes increased ovulation rate in heterozygous ewes, while homozygous ewes are sterile. For the FecGE allele, homozygous ewes have shown an increase in their ovulation rate and prolificacy. Different research groups working on goats have reported mutations different from the ones found in sheep (Feng et al., 2011; Zehui et al., 2006; Zhang et al., 2008; Sonika et al., 2012). 

Arefnejad et al. (2018) reported that, sequencing technology allowed detection of a polymorphism on BcnI site (1159 bp) within exon 2 of GDF9 gene of amplified PCR products in Markhoz does. This mutation leads to the substitution of a polar amino acid (glutamine) with a non-polar amino acid (proline). It seems that this mutation changes the structure and function of the GDF9 protein. 

Wouobeng et al. (2018) revealed that, two single nucleotide polymorphisms (SNP) at the coding base position of C881T resulting Alanine with Valine at position 273 (A273V) and G1160A in exon 2 resulting Valine with Isoleucine at position 396 (V396I) in Cameroon native goat breeds. Although C881T and G1160A mutations were not significantly associated with prolificacy, the alleles responsible for the variation of amino acid increased litter size. An et al. (2013a) have investigated the significant effect of an allelic variant in GDF9 gene (G4093A, a missense mutation, changing Valine to Isoleucine at the position of 397) on the litter size (P < 0.05) in Xinong Saanen, Guanzhong and Boer goat breeds.

Wang et al. (2018) identified two strongly linked single nucleotide polymorphisms Q320P and V397I in exon 2 within GDF9 gene in the largest Cashmere goat sample (n = 1511). Moreover, Q320P and not V397I significantly and stably affected litter size in Shanbei white cashmere goats, leading us to assume that Q320P was the major quantitative trait nucleotide affecting goat litter size in spite of its linkage to V397I strongly. Hadizadeh et al. (2014) analyzed exon 2 of GDF9 gene for high prolificacy in Tali and Beetal goats in Iran. The results showed a cytosine to thymine nucleotide change at the position of 881 in Beetal goats causing the replacement of alanine with valine at the position of 273 in the unprocessed protein. Ghoreishi et al. (2019) studied polymorphism of GDF9 gene in Markhoz goat breed in the Kurdistan region of Iran and found one novel mutations C233A in exon 1 of GDF9. The mutations significantly increased litter size in homozygous form for GDF9 in this goat breed. 

Zhu et al. (2013) revealed that a single nucleotide mutation (A792→G) in exon 2 of GDF9 gene in Big-foot (BF) and Jintang (JT) black goats, and this mutation resulted in an amino acid change: valine→isoleucine. In BF and JT black goats, the average litter size in the third parity was significantly higher in genotype AA than both genotypes of AB and BB while the average little size of genotype AB was higher than that of genotype BB in the same parity. GDF9 gene could therefore be considered as a candidate gene for marker-assisted selection of litter size traits in goats.
	
Chu et al. (2011a) detected the polymorphism of GDF9 gene in exon 1 by PCR-SSCP in five goat breeds with different prolificacy. Three genotypes (AA, AB and BB) were detected with two silent mutations (A183C and C336T) were identified in comparison genotype AA with genotype BB. The genotype distribution was different (P<0.01) between high prolificacy breed (Jining Grey goat) and low prolificacy breeds (Boer, Wendeng Dairy, Liaoning Cashmere and Beijing native goats). The Jining Grey goat does with genotype AA and AB had 0.72 (P<0.01) and 0.56 (P <0.01) kids more than those with genotype BB, respectively. The does with genotype AA had 0.16 (P>0.05) kids more than those with genotype AB indicating that allele A may have a certain correlation with prolificacy in Jining Grey goats. Feng et al. (2011) reported that, four SNPs in GDF9 gene (G3288A in intron 1, G423A, A959C and G1189A in exon 2) including the two genotypes (A959C and G1189A) were detected in Jining Grey, Boer and Liaoning Cashmere goat breeds of China with different prolificacy, in which G3288A was a new SNP in goats. The Jining Grey goat does with genotype CC or AC had 0.81 (P<0.01) or 0.63 (P<0.01) kids more than those with genotype AA, respectively. An association between allele C at 959 loci of GDF9 gene and high litter size in Jining Grey goats was shown.
On the other hand, some earlier study could not reveal any polymorphism in GDF9 gene of the tested Black Bengal goat (Polley et al., 2009). Shokrollahi and Morammazi (2018) found no obvious association of different genotypes of GDF9 gene with litter size in Markhoz goats. FecB and FecGH mutations in GDF9 gene were not detected in a sample of male and female Rayini goats (Mehdizadeh Gazooei et al. 2013). 

2.8. Bone morphogenetic protein 15 (BMP15)
2.8.1. Structure and expression
The BMP15 gene is located on the X-chromosome (Scaffold LWLT01000021.1: 15,297,803-15,305,676 reverse strand) with two exons in goat. This transcript has 2 exons, is annotated with 13 domains and features and maps to 1 oligo probe (https://asia.ensembl.org/Capra_hircus/Transcript/) and using Northern blot analysis BMP15 mRNA is locally expressed within the ovaries in oocytes only after they have started to undergo the primary stages of development (McNatty et al., 2004; Sanfins et al., 2018). BMP15 is translated as a pre-propeptide that is composed of a single peptide, which contains a pro-region and a smaller mature region (Sanfins et al., 2018). BMP15 protein is encoded by 2 exons; the first exon encodes the 17-amino acid signal peptide and the first portion of the propeptide region, and the second exon encodes the remainder of the propeptide region and the entire predicted 125-amino acid mature domain (Dube et al., 1998). Intra-cellular processing then leads to the removal of the pro-region, leaving the biologically active mature region to perform the functions. This protein is a member of the Transforming growth factor-beta (TGFβ) super family and is a paracrine signaling molecule. Most active BMPs have a common structure, in which they contains 7 cysteines, 6 of which form three intramolecular disulphide bonds and the 7th being involved in the formation of dimer with other monomers. BMP15 is an exception to this as the molecule does not contain the seventh cysteine. Instead in BMP15 the fourth cysteine is replaced by a serine (Bragdon et al., 2011). 

2.8.2. Role of BMP15 gene in litter size
The BMP15, also known as FecX (Galloway et al., 2000) that exclusively expressed in the oocyte (Abdel-Rahman et al., 2013) within the ovary, and crucial for the beginning of folliculogenesis which is an important process for the development and maintenance of fertility. The primordial follicle is made up of the oocyte and a single layer of flattened granulosa cells. BMP15 is released from the oocyte into the surrounding granulosa tissue where it binds to two membrane-bound receptors on granulosa cells (Persani et al., 2014). This promotes granulosa cell proliferation via mitosis. BMP15 promotes the change of primordial to primary and secondary follicles which are surrounded by several granulosa cell layers but doesn’t promote transition into preovulatory follicles (Moore et al., 2003). As BMP15 acts directly on granulosa cells it has an important influence on granulosa function including steroidogenesis inhibition of luteinization and differentiation of cumulus, without which would lead to infertility and lack of folliculogenesis.

BMP15 actions are regulated by follistatin, a protein that can bind BMP15 and negate its activity (Otsuka et al., 2001). Follistatin is strongly expressed in dominant follicles, with very low or undetectable levels in atretic follicles. As BMP15 inhibits FSHR expression, follistatin regulation of BMP15 actions is likely important for maintaining granulose cell responsiveness to FSH. BMP15 is also involved in the regulation of cumulus cell apoptosis. 

All the functions of BMP15 like regulation of follicle growth, granulosa cell proliferation and cell-survival signaling by promoting granulosa cell mitosis and suppressing FSH receptor expression (Moore et al., 2003) and stimulating kit ligand expression plays a pivotal role in female fertility in mammals (Juengel et al., 2002). 

2.8.3. Genetic polymorphism of BMP15 gene
Genetic polymorphisms of the BMP15 gene such as FecXI, FecXH, FecXG, FecXL, FecXB, FecXR, FecXGr and FecXo have been detected so far to be associated with increased ovulation rate and litter size in the sheep (Hanrahan et al., 2004; Bodin et al., 2007; Martinez-Royo et al., 2009; Monteagudo et al., 2009). The first six mutations produce the same phenotype and ovulation rates in BMP15 mutants show high in the heterozygous carriers while the homozygous carrier shows a primary ovarian failure resulting in complete sterility (Monteagudo et al., 2009). The reason may be due to negative genetic effect of homozygotes on ovulation. But the last two FecXGr and FecXO mutations show homozygous ewes are highly prolific but not sterile. Based on those theories, original studies of BMP15 as candidate genes for fecundity in sheep were well documented in the Belclare/Cambridge sheep, the Lacaune sheep, and Small Tailed Han sheep (Bodin et al., 2002; Liu et al., 2003; Kumar et al., 2008; Jiao et al., 2007). Tetra-primer ARMS-PCR, forced PCR-RFLP and direct sequencing based techniques have been employed to screen goats for mutations in BMP15 gene. None of the associated mutations of sheep could be identified in Indian (Marwari and Black Bengal), Chinese (Haimen, Huanghuai, Nubi and Matou) and Iranian (Markhoz) goat breeds (Polley et al., 2009; He et al., 2010; Godara et al., 2012; Ahlawat et al., 2013, Shokrollahi et al., 2015). 

Batubara et al. (2018) showed two polymorphic SNPs A38G, G49A between adenine (A) and guanine (G) bases and determination of genotype BMP15 gene produced three genotypes there were GG, GA and AA analyzed by genotype frequency, allele frequency, heterozygosis, and equilibrium of genotype in all population by the Hardy-Weinberg equilibrium test (χ2) in Boer, Kacang and Boerka goats using PCR-Sequencing method. Heikal and El Naby (2017) found one novel non-synonymous mutation G805C present in all high litter size of four goat breeds of Egypt (Alpine, Zaraibi, Baladi and Damascus) resulting amino acid change Glutamic acidGlutamine (G269G) and three main novel SNPs A757C, G762A and G769C detected in does (high litter size) of three breeds (Alpine, Zaraibi and Baladi) leading to amino acid substitution LysineGlyscine (L252G), Glutamic acidGlutamine (G254G), Glutamic acidGlutamine (G257G) respectively by PCR-RFLP. 

Arefnejad et al. (2018) found that, both non-functional mutation G1026A and a synonymous mutation at 1049 position which for the first time was found at the BMP15 gene in Markhoz goat in Iran by PCR-RFLP, PCR-SSCP and sequencing. Nawaz et al. (2013) reported six novel polymorphic sites in which two intronic mutations in base No. T982C and A5572G and four exonic mutations at nucleotide position T6280G, G6353A, T6443C and A6492G in Teddy (multiple births) goat breeds of Pakistan. Wang et al. (2011) revealed that four mutations T456G, C466G, C510T, T511C occurred in genotype BB of Funiu white goat resulting in the amino acid substitution of V155G and S171P by PCR-SSCP and no mutation was found in Taihang black goat. The Funiu white goat with genotype BB had 0.91 or 0.82 kids, more than those with AB or AA, respectively. The difference of the least-squares means for litter size between BB and AB was not significant (P>0.05) in Taihang black goat. It is concluded that the BMP15 gene may be a major gene which affects the prolificacy in Funiu white goats. Feng et al. (2009) revealed three genotypes (AA,AG and GG) were detected in Jining Grey goats while two genotypes (AG and GG) in Boer and only the AA genotype in Angora and Inner Mongolia Cashmere goats. Sequencing revealed one mutation (A963G) in genotype GG compared with genotype AA resulting in an amino acid change of serine to glycine (S300G). 

Ahlawat et al. (2015) reported two novel SNPs viz. G735A and C808G in BMP15 gene by PCR-RFLP in Black Bengal goat. Significant (p≤0.05) association was observed between the season of kidding and the age at first kidding in BB goat. The regression of age at sexual maturity on the age at first service and regression of age at first service on the age at first kidding was highly significant (P≤0.01). Jalbani et al. (2017) reported that DNA Sequencing analysis of BMP15 gene of Lehri Goat Breed of Pakistan revealed two polymorphisms C200T in exons 1 and G901A in exon 2 (non-synonymous mutation) that changes of Serine to Leucrine (S67L) and Glyscine to Serine (G301S). Heterozygosity also observed non-synonymous mutation C656T in exon 2 changing Glutamic acidGlyscine (G394G).

Similarly, some researchers reported that exon 2 of BMP15 has two point mutations G963A and G1050C resulting amino acid changes in G300S and V329L, respectively (Jiao et al., 2007; Chu et al., 2007). Ghoreishi et al. (2011) identified a polymorphism at exon 1, C200T and two at exon 2, G573A and T755G respectively in Markhoz goats with high prolificacy. BMP15 gene was monomorphic within the native goat of Cameroon (Wouobeng et al., 2018). 

2.9. Cadherin 26 (CDH26) gene
2.9.1. Structure and expression
The cadherin superfamily is composed of a large group of cell surface (transmembrane or membrane-associated) glycoproteins.  This gene is located in Chromosome 13 (chr 13: 55,861,528-55,910,085 reverse strand) and transcript has 17 exons, is annotated with 42 domains and features, is associated with 830 variant alleles and maps to 2 oligo probes (https://asia.ensembl.org/Capra_hircus/Transcript/). This superfamily is organized in at least five major families, among them type I or classical cadherins, type II closely related cadherins, desmosomal cadherins (desmocollins and desmogleins), proto-cadherins, and a variety of cadherin-related molecules. Classical cadherins or type-I has two members Epithelial (E-) and Neural (N-) cadherin and epithelial cadherin (E-Cadherin, Cadherin-1 (CDH1), L-CAM, ARC-1, uvomorulin) is a founder member of the cadherin superfamily (Takeichi, 1977).

The expression of E- and N-cadherin proteins in the ovary has been examined in several species (rat, pig, hamster), depicting a differential spatiotemporal expression fashion during mammalian folliculogenesis. Early studies done in the pig detected the presence of E-cadherin protein in the ovary, being highest in fetal and neonatal tissues and declining at 16 weeks to adulthood, and a similar trend was observed for the transcript (Ryan et al., 1996). In the rat ovary, N and E-cadherin mRNA (RT-PCR) and protein (Western immune-blotting) expression evaluated from 19-20 days of gestation to 25 days postpartum was detected at all ages examined, showing a peak for both proteins at 7 days of age (Machell et al., 2000). E-cadherin expression was reported to remain exclusively in the oocyte during neonatal hamster ovary development, while N-cadherin expression was found to shift from oocytes to granulosa cells of primordial follicles on postnatal day (P) 8, and a strong N-cadherin expression was restricted to granulosa cells of growing follicles subsequently.

2.9.2. Role of CDH26 gene in litter size
Members of this super family perform numerous functions that involved cell-cell recognition. Even though they have been mainly associated with cell-cell adhesion events, cadherins participate in numerous functions, including cell-cell recognition, cytoskeletal organization, signal transduction and growth control (Takeichi, 1995; Gumbiner, 1996; Angst et al., 2001).

Mammalian fertilization involves a series of well-orchestrated cell-cell interaction steps between gametes, as well as among spermatozoa and somatic cells of both the male and female reproductive tracts. Cadherins are Ca2+ dependent glycoproteins that have been involved in cellular adhesion and signaling in somatic cells. Taking into account that Ca2+ ions are required during fertilization, the involvement of these proteins in adhesion events during this process can be anticipated. 

Cell-cell interactions are an important aspect of ovarian function and structure. It is known that adhesion molecules play an important role in ovarian tissue development and remodeling processes during folliculogenesis as well as after ovulation and Q10 corpus luteum formation (Machell and Farookhi, 2003). In addition to E-cadherin involvement in the establishment of the germ cell lineage, it participates in oocyte growth and in the acquisition of meiotic competence during gonad development in mice (Carabatsos et al., 2000). On the other side, N-cadherin mediated adhesion of granulosa cells in culture prevents ovarian cells from dying via apoptosis (Peluso et al., 1996; Trolice et al., 1997; Makrigiannakis et al., 1999), suggesting that both adhesion proteins play a highly relevant role in folliculogenesis.

Moreover, there is evidence of studies done by several research groups (Table 2) about the expression of E- and N-cadherin during spermatogenesis, oogenesis and folliculogenesis, and their involvement in gamete transport in the reproductive tracts and presence of E- and N-cadherin protein in cells of the cumulus-oocyte complex and spermatozoa from several mammalian species, and shows gathered evidence on their participation in different steps of the fertilization process. 











Table 2: Examples of cell-cell adhesion proteins in Cadherin 26 gene found in spermatozoa and oocytes and evidence of their participation in fertilization-related events

	Adhesion molecules
	Gamete expression
	Involvement in fertilization related events
	Authors

	E-cadherin
	Spermatozoa and Oocyte
	· Sperm-oviduct interaction 
· Sperm-zona pellucida interaction 
· Sperm-oolemma interaction
· Homologous fertilization
	Campbell et al. (1995); Rufas et al. (2000); Ziv et al. (2002); Purohit et al. (2004); Marín-Briggiler et al. (2008); 
Takezawa et al. (2011); Caballero et al. (2014)

	N-cadherin
	Spermatozoa and Oocyte
	· Sperm-oolemma interaction
	Goodwin et al. (2000); Rufas et al. (2000);
Ziv et al. (2002); Marín-Briggiler et al. (2010)

	P-cadherin
	Spermatozoa and Oocyte
	
	Rufas et al. (2000);
Ziv et al. (2002)

	Others 
	Spermatozoa
	
	Johnson et al. (2004)



2.9.3. Genetic polymorphism in CDH26 gene
Cadherins are calcium-dependent cell adhesion proteins. They preferentially interact with themselves in a homophilic manner in connecting cells. There were few works done to identify genetic polymorphism in CDH26 gene in case of goat.

Lai et al. (2016) reported that, the rare nonsense mutations may not contribute to fecundity, whereas non-synonymous SNPs likely play a predominant role in Laoshan dairy goats in Qingdao, Shandong province, China. Non-synonymous exonic SNPs in CDH26 which were co-localized in the selected region may take part in fecundity traits and revealed three nonsense non-synonymous mutations viz. T1034C, G1035A, and T1063C in CDH26 gene by utilizing Sanger sequencing. These non-synonymous homologous SNPs were selected as having strong genetic differentiation between the groups and may play important roles in the fecundity traits seen in Laoshan dairy goats.
2.10. Summary of literature review
· Goat genetic resources of Bangladesh mainly consist of Black Bengal, Jamnapari, Sirohi, Beetal, African Boer and crossbreds between the Black Bengal goat and exotics. Black Bengal goat is the heritage and pride of Bangladesh. They are more or less evenly distributed throughout the country with a relatively higher concentration in the northwestern areas of Bangladesh. The Jamnapari is known as the best dairy goat in Bangladesh. Their number in Bangladesh is not known, but most are found in Chuadanga, Meherpur, Kushtia, Jhenidah, Pabna, and Jessore districts. They are reared both in the intensive and semi-intensive management system. In Bangladesh, the crossbred are mainly crosses between Black Bengal×Jamnapari goat available throughout the country.

· In mammals, the ovulation rate and litter size is a critical and complicated economic trait and is controlled by multiple genes and factors including, ovarian follicular development, oocyte maturation, ovulation, fertilization, embryogenesis, embryo implantation, and uterine receptivity and a very critical factor for increasing livestock industry. The improved reproductive efficiency and an increased fertility rate of animals can eventually make ready for the financial benefit of farmers.  Selective breeding as a conventional strategy is going to be a slow process for improvement of the reproductive potential because of sex-limited nature and low heritability of the trait (5-10%).
· The GDF9, a candidate gene for high prolificacy was the first oocyte-specific factor that was shown to cause cumulus expansion, working as an oocyte paracrine action factor that regulates several key enzymes of granulosa cells proving the importance of this factor in creating an optimal microenvironment for the acquisition of oocyte developmental competence through an oocyte-somatic cell interaction in female reproduction.

· The BMP15, also known as FecX that exclusively expressed in the oocyte within the ovary, and crucial for the beginning of folliculogenesis. BMP15 actions are regulated by follistatin, a protein that can bind BMP15 and negate its activity. Follistatin is strongly expressed in dominant follicles, with very low or undetectable levels in atretic follicles.

· The cadherin superfamily is composed of a large group of cell surface glycoproteins. CDH26, also known as Cadherins are Ca2+ dependent glycoproteins that have been involved in cellular adhesion and signaling in somatic cells. Taking into account that Ca2+ ions are required during fertilization, the involvement of these proteins in adhesion events during this process can be anticipated. 

· However, so far our knowledge, very few molecular screening, if present, using DNA based technologies were attempted for identification of genetic markers associated with fecundity traits in Bangladeshi goats and most of the studies on Bangladeshi goats based on phenotype. In Bangladesh, molecular study of litter size associated genes in goats still untouched. So it has become the subject of concern for conducting this study. The results will be identified genetic markers associated with fecundity in different goat breed which can be used to design breeding strategies that maximize the benefits by increasing number of goats in Bangladesh.  The impact of this study will be far-reaching in the socio-economic condition of farmers as an increased number of goats directly contribute to protein demand and income generation, and indirectly to the women empowerment in rural Bangladesh.














CHAPTER-3: MATERIALS AND METHODS


3.1. Ethics statement
All procedures conducted in these experiments were approved by the Institute Review Committee and approved by the Animal Experimentation Ethics Committee at Chattogram Veterinary and Animal Sciences University, and all procedures were in accordance with the agreement of Animal Experimentation Ethics Committee (AEEC) which memo no is CVASU/Dir(R&E)EC/2020/169/8 at Chattogram Veterinary and Animal Sciences University.

3.2. Location of study
[image: ]The study was carried out in the three Upazila-Hathazari, Patiya and Satkania at the Chattogram District (Figure 1) in southeastern Bangladesh during the month of July 2018 to January 2019. Care was taken to select study area located in isolation to minimize genetic linkage among the animals. Chattogram gets hold off on average 2540 mm to 3810 mm of rainfall per year (BBS, 2011) and mostly has a tropical monsoon climate. The average maximum monthly temperature varies from 25°C to 31°C (BBS, 2017).











Figure 1: Map of the study area (by QuantumGIS version 3.4)

3.3. Animal selection
In the study area, goats are reared in small groups of 2 to 5 goats per household. The female goats are mated naturally by the bucks available in the village. The selected does were free from diseases and had at least one previous kidding but less than 6 kidding. Goats between their first and second month of pregnancy, as reported by the owners, were selected and identified. The animal’s feeds were supplemented with standard concentrate mixture at 200 gm per head per day, vitamins and mineral mixture and examined regularly by a veterinarian during the study period. We randomly selected a total of 139 goats including Black Bengal Goat-63 (BBG), Jamnapari Goat-40 (JPG) and Crossbred goat-36 BBG×JPG (CBG) from three Upazilas of Chattogram district (Table 3). 

3.4. Sample collection
Approximately 2 mL blood per goat was collected aseptically from the jugular vein of 139 healthy goats and kept in a sterile vacutainer coated interiorly with spray-dried K2-EDTA (100 μg/ml Dipotassium Ethylene diamine tetra acetic acid). The collected blood samples were brought to the PRTC laboratory (Poultry Research and Training Centre) in double walled ice-boxes containing ice packs and stored at -20°C until the genomic DNA was extracted. Breed, parity and litter size data were collected through pre-tested questionnaire.

Table 3: Breed, phenotypic characteristics (prolificacy), parity and number of does of the Bangladeshi goats in this study
	Parameter
	Black Bengal Goat
	Jamnapari Goat
	Crossbred Goat

	Total does
	63
	40
	36

	Birth 1 kids /kidding
	5
	12
	12

	Birth 2 kids /kidding
	20
	9
	9

	Birth 3 kids /kidding
	32
	19
	15

	Birth 4 kids /kidding
	6
	-
	-

	1st parity
	3
	16
	12

	2nd  parity
	39
	17
	10

	3rd parity
	3
	3
	5

	4th parity
	18
	3
	9

	Utility type
	Meat purpose
	Dual purpose 
(Meat and Milk)
	Dual purpose 
(Meat and Milk)




3.5. Genomic DNA extraction
Genomic DNA was extracted and purified from whole blood samples using the GeneJET Genomic DNA Purification Kit (Thermo Scientific, Lithuania, lot#00549062) according to manufacturer’s guideline. DNA was extracted from all the samples (139) of three goat breeds of Bangladesh. At first 200 μL of whole blood was transferred to 1.5 mL micro-centrifuge tube with 400 μL of Lysis Solution and 20 μL of Proteinase K Solution and mixed thoroughly by vortexing or pipetting to obtain a uniform suspension. Then the uniform samples were incubated at 56°C in a Microtiter Plate Shaker Incubator (Stuart, Sl505, USA) for 10 minutes until the cells were completely lysed.  200 μL of ethanol (96-100%) was mixed by pipetting or vortexing and transferred the prepared lysate to a GeneJET Genomic DNA Purification Column inserted in a collection tube. After that the transferred mixture in GeneJET Genomic DNA Purification Column was centrifuged for 1 min at 6000×g and discarded the collection tube containing the flow-through solution after centrifugation followed by placing the GeneJET Genomic DNA Purification Column into a new 2 mL collection tube. Then 500 μL of ethanol added Wash Buffer-I was added and centrifuged again for 1 min at 8000×g. After centrifugation, discarded the flow-through and placed the purification column back into the collection tube. Then, 500 μL of ethanol added Wash Buffer-II solution was added to the GeneJET Genomic DNA Purification Column and centrifuged for 3 min at maximum speed (≥12000×g). Afterwards, the collection tube containing the flow-through solution was discarded and transferred the GeneJET Genomic DNA Purification Column to a sterile 1.5 mL micro-centrifuge tube. Finally, 200 μL of Elution Buffer to the center of the GeneJET Genomic DNA Purification Column membrane was added to elute genomic DNA and incubated for 2 min at room temperature followed by centrifuged for 1 min at 8000×g. Lastly the purification column was discarded and the purified DNA was collected and stored at -200c for longer period.

3.6. DNA quantification
Quantification and assessment of DNA is first entry step in most of molecular biology protocol routinely employed in many laboratories. The results of numerous molecular screening and assay methods often rely on the overall quality of the genomic DNA (gDNA) input material. DNA was quantified by two methods: 
	
3.6.1. Fluorometric quantitation
Quantity of DNA extracted by the Thermo Scientific GeneJET Genomic DNA Purification Kit methods was assessed using Qubit 2.0 fluorometer (Invitrogen, Life Technologies, Carlsbad, CA, USA), in accordance with the manufacturer’s instructions. The Qubit fluorometer calculates concentration based on the fluorescence of a dye which binds to double stranded DNA (dsDNA). The Qubit fluorometer picks up this fluorescence signal and converts it into a DNA concentration measurement using DNA standards of known concentration. Qubit dsDNA BR Assay Kit was used for DNA quantification. Based on DNA concentration derived from the Qubit measurements and the volume of the DNA extract, total DNA yield was calculated with a simple multiplication.

3.6.2. Electrophoretic quantitation
For confirmation of PCR amplification horizontal agarose gel electrophoresis was done by running, 4 ml of PCR product mixed with 1 ml of 6X gel loading dye (Composition: bromophenol blue and xylene cyanol FF, Thermo Fisher Scientific) from each tube along with 1kb plus GeneRuler DNA ladder (Thermo Scientific) on 1.5 percent agarose gel at a constant voltage of 80-90 V for 40 minutes in 1X TAE buffer. After ethidium bromide staining, gels were visualized under UV-gel documentation system. The amplified product was visualized as a single compact fluorescent band of expected size under UV light and documented by gel documentation system (Agaro-power gel electrophoresis system-Bioneer, Korea).


3.7. Primer designing
In this study, we used Primer BLAST (Basic Local Alignment Searh Tool) software to design the three pairs of primers. This tool combines BLAST with a global alignment algorithm to ensure a full primer-target alignment and is sensitive enough to detect targets that have a significant number of mismatches to primers. The Primer-BLAST program consists of a module for generating candidate primer pairs and a module for checking the target specificity of the generated primer pairs.

Three pairs of primers were designed to amplify exon 2 of the goat BMP15 gene located on X un-localized Scaffold chromosome, exon 2 GDF9 gene located on chromosome 7 and CDH26 gene located on chromosome no 13 based on the gene sequence of goat. The reason behind the choosing of three genes is that, in most of the research papers, researcher worked on only BMP15 and GDF9 genes including sub-continent country and found a significant result. For CDH26 gene, recently scientist (Lai et al., 2016) reported a significant association between CDH26 SNPs and litter size in goat. This gene is not really scanned in other goat breeds including Bangladeshi goats, so it is worth testing CDH26 SNPs in relation to litter size in Bangladeshi goat. Caprine BMP15 gene (GenBank accession no.NW_017189516.1) and GDF9 gene (GenBank accession no.NC_030814.1) sequence were retrieved from NCBI Genbank to amplify exon no 2 and designed using Primer3 and BLAST program of Primer-BLAST software at https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi. To amplify Caprine CDH26 gene, primers reported by Lai et al. (2016) were used. Primers were checked for hair pin loop tendencies, homo and hetero-dimer formation potential using OligoCalc software version 3.27 (http://biotools.nubic.northwestern.edu/OligoCalc.html) and Sequence Manipulation Suite (https://www.bioinformatics.org/sms2/index.html). Primer sequence, amplified region and product size of the amplicons are listed in Table 4.
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Table 4: Primer sequence, amplified region and product size of selected primer

	Primer name
	Nucleotide sequence
	Length
	Chromosome no
	Exon no

	Amplicon 
Size (bp)
	Tm (ºC)

	GDF9
	F: 5ʹ-GATTGATGTGACGGCTCCT-3ʹ
	19
	7
	Exon 2
	799
	61.2

	
	R: 5ʹ- CTCCCAAAGGCATAGACAGG-3ʹ
	20
	
	
	
	

	BMP15
	F: 5ʹ-ACGCTTTGCTCTTGTTCC-3ʹ
	18
	X (unlocalized Scaffold)
	Exon 2
	527
	60

	
	R: 5ʹ- AATACTGCCTGCTTGACGA-3ʹ
	19
	
	
	
	

	CDH26
	F: 5ʹ-ATGGGACTACATAAACCTA-3ʹ
	19
	13
	Exon 8
	680
	58

	
	R: 5ʹ- CCAGTCACAGGGACGAGAT-3ʹ
	19
	
	
	
	



3.7.1. Primer dilution
The primer (Table 4) was synthesized from Integrated DNA technology. Primers were dissolved in nuclease free water and were further reconstituted in nuclease free water to give a final concentration of 20pmol/μl. PCR condition for amplification was optimized and standardized.

3.8. Polymerase chain reaction (PCR) amplification
PCR reaction was performed in 139 does extracted DNA samples in a thermocycler (2720 Applied Biosystem, Thermo Fisher scientific Singapore) in 25 μL volume containing 0.5 μL of each primer (forward and reverse), 12.5 μL 2X DreamTaq Green PCR Master Mix (Thermo Scientific) containing DreamTaq™ DNA polymerase, optimized DreamTaq Green buffer, MgCl2 and dNTPs. About 2 μL of genomic DNA was used as template. Thermo cycling conditions presented in Table 5 which consisted of 35 cycles of initial denaturation at 94°C for 5 min, denaturation at 94°C for 45s; annealing at 58°C-61.2°C for 45s; extension at 72°C for 45s with a final extension at 72°C for 10 minutes. A negative control containing all the reaction components except the template DNA was also made to check any contamination of the foreign DNA in the reaction components.





Table 5: Steps and conditions of thermal cycling for GDF9, BMP15 and CDH26 primers in PCR

	Sl. No.
	Step
	For the  BMP15 gene
	For the  GDF9 gene
	For the  CDH26 gene

	1
	Initial denaturation
	94°C for 5 minutes
	94°C for 5 minutes
	94°C for 5 minutes

	2
	Final denaturation
	94°C for 45 seconds
	94°C for 45 seconds
	94°C for 45 seconds

	3
	Annealing
	60°C for 45 sec
	61.2°C for 45 sec
	58°C for 45 sec

	4
	Initial extension
	72°C for 45 seconds
	72°C for 45 seconds
	72°C for 45 seconds

	5
	Final extension
	72°C for 5 minutes
	72°C for 5 minutes
	72°C for 5 minutes

	6
	Final holding
	4°C
	4°C
	4°C








3.9. Agarose gel electrophoresis
3.9.1. Preparation of agarose gel
The gel is made by dissolving agarose powder (Agarose molecular biology grade, France) in 1X TAE buffer solution (50X TAE Electrophoresis Buffer, Thermo scientific, Lithuania). The solution is then boiled at 100°C in a microwave oven and cooled to approximately 55°C to make 1.5% agarose gel solution and mixed the solution with 2-3 drops ethidium bromide. After that the solution was poured into a casting tray which serves as a mold. A well-former template (often called a comb) is placed across the end of the casting tray to form wells when the gel solution solidifies. After the gel solidifies, the gel is submerged in a buffer-filled electrophoresis chamber which contains a positive electrode at one end, and a negative electrode at the other. 

3.9.2. Electrophoresis
About 5μL samples are delivered to the sample wells with a micropipette or transfer pipette. First hole was loaded with 1 kb plus Gene Ruller DNA ladder (Thermo Scientific) to compare the amplicon size of a gene product. 

A direct current (D.C.) power source was connected to the electrophoresis apparatus and electrical current was applied. Electrophoresis was carried out at 80-90V for about 40 minutes. Charged molecules in the sample enter the gel through the walls of the wells. Molecules having a net negative charge migrate towards the positive electrode (anode) while net positively charged molecules migrate towards the negative electrode (cathode). Within a range, the higher the applied voltage, the faster the samples migrate. The buffer serves as a conductor of electricity and to control the pH, which is important to the charge and stability of biological molecules. Since DNA has a strong negative charge at neutral pH, it migrates through the gel towards the positive electrode during electrophoresis.
 
The PCR products were visualized following electrophoresis through 1.8% ethidium bromide stained agarose gel and the fragments were photographed under Gel documentation system and their sizes were estimated using a 1 kb plus DNA ladder (Thermo Scientific GeneRuler DNA Ladder, Carlsbad, California state, USA).
3.10. Gene sequencing of PCR product
3.10.1. PCR product purification
PCR product was purified using centrifugation method. At first 1:1 volume of Binding Buffer was added to complete PCR mixture and mix thoroughly. Color of the solution was checked. A yellow color indicates an optimal pH for DNA binding (If the color of the solution is orange or violet, add 10 µL of 3 M sodium acetate, pH 5.2 solution and mix. The color of the mix will become yellow). Then up to 800 µL of the solution was transferred to the GeneJET purification column, centrifuged for 30-60 seconds and discarded the flow-through. (Notes: If the total volume exceeds 800 µL, the solution can be added to the column in stages. After the addition of 800 µL of solution, centrifuge the column for 30-60 s and discard flow through. Repeat until the entire solution has been added to the column membrane. Close the bag with GeneJET Purification Columns tightly after each use!)

[bookmark: _GoBack]After that 700 µL of wash buffer was added to the GeneJET purification column and again centrifuged for 30-60 seconds following discarded the flow-through and placed the purification column back into the collection tube. To completely remove any residual wash buffer the empty GeneJET purification column was centrifuged for an additional 1 minutes (Note: This step is essential as the presence of residual ethanol in the DNA sample may inhibit subsequent reactions). Finally, the GeneJET purification column was transferred to a clean 1.5 mL microcentrifuge tube and 50 µL of Elution Buffer was also added to the center of the GeneJET purification column membrane and centrifuged for 1 minutes. Lastly, the GeneJET purification column was discarded and stored the purified DNA at -20°C until sequencing was done.

3.10.2. Sequencing
The purified PCR products were Sanger-sequenced with big dye terminator v3.1 sequencing kit and a 3730xl automated sequencer (Applied Biosystems, Foster City, California state, USA).  After-that, nucleotide sequences were determined on both strands of PCR amplification products at the Macrogen sequencing facility (Macrogen Inc., Seoul, Korea) by  using ABI PRISM 3730XL Analyzer (96 capillary type). A total of 90 samples, 30 samples from each gene (GDF9, BMP15 and CDH26) and 10 sample from each breed (Black Bengal, Jamnapari and Crossbred goat) were sequenced from the purified PCR product.

3.10.3. Sequence analysis
Processing and analysis of nucleotide sequences and deduced amino acid sequences was performed with Bioedit (www.mbio.ncsu.edu/BioEdit/). Identified polymorphisms were compared with the reference sequences for respective genes from National Center for Biotechnology Information (NCBI) database using BLAST (Altschul et al., 1990) comparison among sequences and multiple alignments were accomplished using ClustalW software (https://www.genome.jp/tools-bin/clustalw)

Genotypic polymorphism data were analyzed with the GenePop software (https://genepop.curtin.edu.au/) and GeneScreen program (https://bio.tools/genescreen) for allele and genotype frequencies. Heterozygosity and polymorphism information content (PIC) values for each locus were computed using p,q CHWE: PolyPICker (https://www.genecalculators.net/pq-chwe-polypicker.html). For PIC, following classifications was used i) low polymorphism if PIC value <0.25, ii) moderate polymorphism if PIC value ≥ 0.25 to ≤0.50 and iii) high polymorphism if PIC value 0.50.

3.11. Construction of phylogenetic tree
A phylogenetic analysis of exon 2 of GDF9, exon 2 of BMP15 gene and exon 8 of CDH26 gene with accessible published sequences of the same regions of genes in different goat breeds to identify the genetic diversity of three goats of Bangladesh. The Neighbor joining method (Saitou and Nei, 1987) in MEGA X (Kumar et al., 2018) was used for constructing phylogenetic trees. Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018).

3.12. Statistical analysis
The collected data were corrected and analyzed using the statistical package SPSS version 25 (Statistical Package for the Social Sciences, 2008). The mean differences were compared using least significant difference (lsd) (Steel et al., 2006) at 5% level of significance. Descriptive statistics were used to determine the mean and standard error of mean. Population genetic indexes, namely, gene heterozygosity (He) and Polymorphism information content (PIC) were calculated by PopGene version 1.3.1 (Molecular Biology and Biotechnology Centre, University of Alberta, Edmonton, AB, Canada).

The following generalized linear model was employed for analysis of litter size in Bangladeshi does and least squares means were used for association analysis of litter size among the different genotypes:
		 yij = μ + Gi + eij
where, yij is the phenotypic value (litter size), μ is the mean of litter size, Gi is the fixed effect of the ith genotype and ei is the random residual effect of each observation. 




















CHAPTER 4: RESULTS

4.1. Effect of breed and parity on litter size

4.1.1. Breed wise litter size in studied goat population
Breed wise litter size in studied goat population are presented in Table 6. In the present study, Black Bengal goat recorded with the higher litter size (2.56±0.12, 95% CI: 2.32-2.79) than that of Jamnapari (2.17±0.13, 95% CI: 1.92-2.43) and crossbred goat (2.08±0.13, 95% CI: 1.82-2.35) (p<0.05). The variation in litter size in three different goats was statistically significant.

Table 6: Breed wise overall litter size in Bangladeshi Black Bengal, Jamnapari and crossbred goat

	Breed
	Mean
	Standard Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	Black Bengal
	2.56a
	0.12
	2.32
	2.79

	Jamnapari
	2.17bc
	0.13
	1.92
	2.43

	Crossbred
	2.08b
	0.13
	1.82
	2.35

	Overall
	2.27
	0.07
	2.13
	2.45


Means with different superscripts differed significantly (p<0.05)

4.1.2. Parity wise litter size in studied population
Parity wise litter in the study population is presented in Table 7. In the present study, litter size was also affected by parity of different breeds of goat (Black Bengal, Jamnapari and Crossbred). Litter size was increased according to the parity from first parity (2.48±0.10) to fourth parity (2.77±0.24) in Black Bengal goat; first parity (1.87±0.13) to third parity (2.43±0.28) in Jamnapari goat and first parity (1.76±0.17) to third parity (2.15±0.22) in crossbred goat. On the other hand, first parity of crossbred goat was significantly different from the first parity of Black Bengal goat. Similarly, second parity of crossbred goat was significantly different from the second parity of Black Bengal goat and Jamnapari goat. Fourth parity of Black Bengal goat was significantly different from fourth parity of Jamnapari and crossbreed goat.






Table 7: Parity wise litter size (Mean±Standard Error) in Bangladeshi Black Bengal, Jamnapari and crossbred goat

	Breed
	Parity

	
	1st parity
	2nd parity
	3rd parity
	4th parity

	Black Bengal
	2.48a±0.10 (3)
	2.57ab±0.10 (39)
	2.67±0.38 (3)
	2.77a±0.24 (18)

	Jamnapari
	1.87b ±0.13 (16)
	2.48ab±0.16 (17)
	2.43±0.28 (3)
	2.00b±0.43 (3)

	Crossbred
	1.76bc±0.17 (12)
	2.07c±0.17 (10)
	2.15±0.22 (5)
	2.11b±0.26 (9)


Value in the parentheses indicate number of the individual, Means with different superscripts in the same column differed significantly (p<0.05).

4.2. Growth differentiation factor 9 gene (GDF9)
4.2.1. PCR amplification of GDF9 Gene
The target fragment of exon 2 of GDF9 gene was amplified using PCR. PCR products were visualized on 1.5% agarose gels. The gel image (Figure 2) shows fragments were amplified properly with clear bands at 799 bp. The presence of sharp bands and the absence of any non-specific band indicate a good specificity.  

4.2.2. Polymorphism identified in GDF9 gene
The sequenced nucleotide sequences of GDF9 gene of this study covered 688 to 1362 bp of coding sequence (CDS) of GDF9 gene. The consensus of assembled sequences for three different breed of goats were deposited in NCBI-Genbank database under the accession no. of MN629927, MN629928 and MN629929. Results of GDF9 sequences analysis unveiled four single nucleotide polymorphisms (SNPs) in the exon 2 of GDF9 gene in comparison with reference CDS of GDF9 (Sequence ID: NM_001285708.1). The polymorphisms were c.818C˃T, c.1073G˃A, c.1189G˃A and c.1330G˃T. All the four mutations were missense mutation. The c.818C˃T substitution results in an amino acid change (alanine to valine) at 273 position (p.Ala273Val), c.1073G˃A causes an arginine to lysine substitution at position 358 (p.Arg358Lys), c.1189G˃A leads to substitutes the 397 valine to isoleucine (p.Val397Ile) and c.1330G˃T results in a change of aspartic acid to tyrosine at 444 amino acid position (p.Asp444Tyr) of GDF9 protein (Table 8). Sequencing results for identified polymorphisms in GDF9 gene are presented in Figure 3 to Figure 6, respectively.
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Figure 2: Gel electrophoresis image for amplicon of GDF9 exon 2.
Lane (M) is a DNA marker/ladder; Lane P is positive sample and Lane N is negative sample; Lane L1-L16 represents the PCR product of GDF9 gene (799 bp) of three goats of Bangladesh



Table 8: Polymorphic sequence variations detected in GDF9 gene in studied goat population

	Region
	Coding base (bp)
	Base change
	RNA codon change
	Amino acid change
	Type of mutation

	Exon 2
	818
	C-T
	GCU-GUU
	Ala (A) 273 Val (V)
	Missense

	
	1073 (Novel mutation)
	G-A
	AGA-AAA
	Arg (R) 358 Lys (K)
	Missense

	
	1189
	G-A
	GUU-AUU
	Val (V) 397 Ile (I)
	Missense

	
	1330 (Novel mutation)
	G-T
	GAT-UAU
	Asp (D) 444 Tyr (Y)
	Missense
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	A. Individual with homozygous wild genotype (818C/C)
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	B. Individual with heterozygous mutant genotype (818C/T)
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	C. Individual with homozygous mutant genotype (818T/T)


Figure 3: Sequencing results of the C818T locus in GDF9 gene
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	A. Individual with homozygous wild genotype (1073G/G)
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	B. Individual with heterozygous mutant genotype (1073G/A)


Figure 4: Sequencing results of the G1073A locus in GDF9 gene
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	A. Individual with homozygous wild genotype (1189G/G)
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	B. Individual with heterozygous mutant genotype (1189G/A)


Figure 5: Sequencing results of the G1189A locus in GDF9 gene
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	A. Individual with homozygous wild genotype (1330G/G)
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	B. Individual with heterozygous mutant genotype (1330G/A)


Figure 6: Sequencing results of the G1330A locus in GDF9 gene 

4.2.3. Breed wise allelic and genotypic frequencies of different polymorphisms in GDF9 gene
4.2.3.1. C818T in GDF9 gene
Genotypic and allelic frequencies of c.818C>T for Black Bengal, Jamnapari and crossbred are presented in Table 9. The present study identified three possible combinations for the c.818C>T: homozygous wild CC, heterozygous mutant CT and homozygous mutant TT in Black Bengal goat. In contrast, Jamnapari and crossbred goats showed only two genotypes CC and CT. This SNP displayed a higher frequency of C (83%) than the T allele frequency (17%) in the study population. The proportion of homozygous wild genotype CC (average 0.70) was predominant in the whole population. According to the classification of PIC (low polymorphism if PIC value <0.25, moderate polymorphism if PIC value 0.25-0.50 and high polymorphism if PIC value >0.50), C818T locus was found to be moderately polymorphic (PIC value 0.32) in Black Bengal goat and low polymorphic in Jamnapari goat (PIC value 0.2) and crossbred goat (PIC value 0.22).

Table 9: Breed wise genotypic and allelic frequencies of C818T mutation detected in GDF9 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	CC
	CT
	TT
	C
	T
	
	

	Black Bengal
	0.58
	0.31
	0.11
	0.72
	0.28
	0.39
	0.32

	Jamnapari
	0.80
	0.20
	0.00
	0.87
	0.13
	0.23
	0.20

	Crossbred
	0.70
	0.30
	0.00
	0.85
	0.15
	0.25
	0.22

	Overall
	0.70
	0.27
	0.03
	0.83
	0.17
	0.28
	0.24


Legends: CC- homozygous wild, CT- heterozygous mutant and TT- homozygous mutant.

4.2.3.2. G1073A in GDF9 gene
Table 10 shows genotypic and allelic frequencies of c.1073G>A in three indigenous goat breeds. Only two possible combinations were observed for the G1073A locus viz. homozygous wild GG, heterozygous mutant GA in the studied population. For this SNP, a higher frequency of G (91%) than that of A allele was recorded. The overall frequency of homozygous wild genotype GG was 82%. The G1073A locus was found to be lowly polymorphic in all three indigenous goat breeds. 

Table 10: Breed wise genotypic and allelic frequencies of G1073A mutation detected in GDF9 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	GG
	GA
	AA
	G
	A
	
	

	Black Bengal
	0.78
	0.22
	0.00
	0.89
	0.11
	0.20
	0.18

	Jamnapari
	0.89
	0.11
	0.00
	0.94
	0.06
	0.11
	0.10

	Crossbred
	0.80
	0.20
	0.00
	0.90
	0.10
	0.18
	0.16

	Overall
	0.82
	0.18
	0.00
	0.91
	0.09
	0.16
	0.15


Legends: GG- homozygous wild, GA- heterozygous mutant and AA-homozygous mutant. 

4.2.3.3. G1189A in GDF9 gene
Genotypic and allelic frequencies of c.1189G>A are displayed in Table 11. Homozygous wild GG and heterozygous mutant GA genotypes were identified for the G1189A polymorphic site in Jamnapari and crossbred goats. However, Black Bengal goat was monomorphic for this locus. This SNP showed a higher frequency of G than the A allele (93% frequency in the whole population), and the overall homozygous wild genotype GG was predominated in the whole population (average 0.86). G1189A locus was found to be lowly polymorphic in Jamnapari and crossbred goats and monomorphic in Black Bengal goat.

Table 11: Breed wise genotypic and allelic frequencies of G1189A mutation detected in GDF9 gene
	Breed

	Genotypic frequency
	Allelic Frequency
	He
	PIC

	
	GG
	GA
	AA
	G
	A
	
	

	Black Bengal
	1.00
	0.00
	0.00
	1.00
	0.00
	-
	-

	Jamnapari
	0.89
	0.11
	0.00
	0.94
	0.06
	0.11
	0.10

	Crossbred
	0.70
	0.30
	0.00
	0.85
	0.15
	0.25
	0.22

	Overall
	0.86
	0.14
	0.00
	0.93
	0.07
	0.13
	0.12


Legends: GG- homozygous wild, GA- heterozygous mutant and AA-homozygous mutant.

4.2.3.4. G1330T in GDF9 gene
Genotypic and allelic frequencies of c.1330G>T are presented in Table 12. For the G1330T, two possible combinations: homozygous wild GG and heterozygous mutant GT were found in all three goat breeds of Bangladesh. This locus showed a higher frequency of G than the T allele (86% frequency in the whole population), and the overall homozygous wild genotype GG was predominated in the whole population (average 0.72). G1330T locus was found to be moderately polymorphic (PIC value 0.27) in Black Bengal goat and lowly polymorphic in crossbred (PIC value 0.22) and Jamnapari goat (PIC value 0.16). 

Table 12: Breed wise genotypic and allelic frequencies of G1330T mutation detected in GDF9 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	GG
	GT
	TT
	G
	T
	
	

	Black Bengal
	0.56
	0.44
	0.00
	0.78
	0.22
	0.36
	0.29

	Jamnapari
	0.90
	0.10
	0.00
	0.95
	0.05
	0.18
	0.16

	Crossbred
	0.70
	0.30
	0.00
	0.85
	0.15
	0.25
	0.22

	Overall
	0.72
	0.28
	0.00
	0.86
	0.14
	0.24
	0.21


Legends: GG- homozygous wild, GT- heterozygous mutant and TT- homozygous mutant.


4.3. Bone morphogenetic protein 15 gene (BMP15)
4.3.1. PCR amplification of BMP15 Gene
PCR reaction was performed to amplify the exon 2 of the coding sequence of BMP15 gene using genomic DNA. The PCR products were separated on 1.5% agarose gels. The gel electrophoresis image showed an amplicon size of the 527 bp (Figure 7). The clarity of the image is indicating a good specificity of the PCR reaction

4.3.2. Polymorphisms identified in BMP15 gene
The present study sequenced BMP15 gene sequences cover 340 to 813 bp of coding sequence (CDS) of BMP15 mRNA. The consensus sequences of assembled BMP15 sequences were deposited for three different breed in NCBI-Genbank database under the accession no. of MN629924, MN629925 and MN629926. Compared with reference CDS of BMP15 (Sequence ID: NM_001285588.1) three SNPs were identified in the exon 2 of BMP15 gene vitz. c.616G˃T, c.735G˃A and c.811G˃A. The p .616G˃T SNP predicted to cause an amino acid change arginine to serine (p.Arg206Ser), and  c.811G˃A results in an alanine to threonine substitution at 271 (p.Ala271Thr) of BMP15 protein (Table 13). The c.735G˃A is a samesense mutation hence does not cause an amino acid substitution. Sequencing chromatograms for all three polymorphisms in BMP15 gene are illustrated in Figure 8 to Figure 10, respectively. 
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Figure 7: Gel electrophoresis image for amplicon of BMP15 exon 2.
Lane (M) is a DNA marker/ladder; Lane P is positive sample and Lane N is negative sample; Lane L1-L17 represents the PCR product of BMP15 gene (527 bp) of three indigenous goats

Table 13: Polymorphic sequence variations detected in BMP15 gene in studied goat population
	Region
	Coding base (bp)
	Base change
	RNA codon change
	Amino acid change
	Type of mutation

	Exon 2
	616 (Novel mutation)
	G-T
	GCU-UCU
	Arg (R) 206 Ser (S)
	Missense

	
	735
	G-A
	AAG-AAA
	-
	Samesense

	
	811 (Novel mutation)
	G-A
	GCA-ACA
	Ala (A) 271 Thr (T)
	Missense




	[image: C:\Ashutosh\MANUSCRIPTS\Goat molecular markers for UGC\Sequence_Mishuk\BMP15\g.616GG_1.png]

	A. Individual with homozygous wild genotype (616G/G)
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	B. Individual with heterozygous mutant genotype (616G/T)


Figure 8: Sequencing results of the G616T locus in BMP15 gene 
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	A. Individual with homozygous wild genotype (735G/G)
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	B. Individual with heterozygous mutant genotype (735G/A)
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	C. Individual with homozygous mutant genotype (735A/A)


Figure 9: Sequencing results of the G735A locus in BMP15 gene 
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	A. Individual with homozygous wild genotype (811G/G)

	[image: C:\Ashutosh\MANUSCRIPTS\Goat molecular markers for UGC\Sequence_Mishuk\BMP15\g.811GA_1.png]

	B. Individual with heterozygous mutant genotype (811G/A)


Figure 10: Sequencing results of the G811A locus in BMP15 gene 

4.3.3. Breed wise allelic and genotypic frequencies of different polymorphisms in BMP15 gene
4.3.3.1. G616T in BMP15 gene
Genotype and allele frequencies of c.616G>T for Black Bengal, Jamnapari and Crossbred goats are presented in Table 14. Two genotypes were observed (homozygous wild GG, heterozygous mutant GT) for the G616T locus in studied goat population. This SNP displayed a higher frequency of G (76% frequency in the whole population) than the T allele and the homozygous wild genotype GG was moderate predominated in the studied population (average 0.53). According to the classification of PIC (low polymorphism if PIC value <0.25, moderate polymorphism if PIC value 0.25-0.50 and high polymorphism if PIC value >0.50), C818T locus was found to be moderately polymorphic (PIC value 0.35) in Black Bengal goat and crossbred goat (PIC value 0.31), however, Jamnapari goat showed a low PIC value (0.12).

Table 14: Breed wise genotypic and allelic frequencies of G616T mutation detected in BMP15 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	GG
	GT
	TT
	G
	T
	
	

	Black Bengal
	0.30
	0.70
	0.00
	0.65
	0.35
	0.46
	0.35

	Jamnapari
	0.86
	0.14
	0.00
	0.93
	0.07
	0.13
	0.12

	Crossbred
	0.50
	0.50
	0.00
	0.75
	0.25
	0.38
	0.31

	Overall
	0.53
	0.47
	0.00
	0.76
	0.24
	0.37
	0.30


Legends: GG- homozygous wild, GT- heterozygous mutant and TT- homozygous mutant.

4.3.3.2. G735A in BMP15 gene
Table 15 shows the genotypes and allele frequencies of c.735G>A in studied goat population. Black Bengal and Jamnapari goat had three possible combinations: homozygous wild GG, heterozygous mutant GA and homozygous mutant AA at this locus. However, the crossbred goat had only homozygous wild GG and homozygous mutant AA genotype.  This SNP exhibited a higher frequency of A (61% frequency in the whole population) than the G allele and the homozygous mutant genotype AA was predominated in the whole studied population (56% frequency).

Table 15: Breed wise genotypic and allelic frequencies of G735A mutation detected in BMP15 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	GG
	GA
	AA
	G
	A
	
	

	Black Bengal
	0.30
	0.10
	0.60
	0.35
	0.65
	0.45
	0.35

	Jamnapari
	0.33
	0.17
	0.05
	0.42
	0.58
	0.49
	0.37

	Crossbred
	0.50
	0.00
	0.05
	0.50
	0.50
	0.50
	0.38

	Overall
	0.33
	0.11
	0.56
	0.39
	0.61
	0.48
	0.36


Legends: GG- homozygous wild, GA- heterozygous mutant and AA- homozygous mutant. 

4.3.3.3. G811A in BMP15 gene
For the G811A locus, Black Bengal and Jamnapari goat showed homozygous wild GG and heterozygous mutant GA, but crossbred goats had only one genotype homozygous wild GG (Table 16). This SNP displayed a higher frequency of G than the A allele (61% frequency in the whole population), and the homozygous wild genotype GG was predominated in the whole population (average 0.86). G811A locus was moderately polymorphic in Jamnapari (PIC value 0.31) and Black Bengal goat (PIC value 0.27), however, found to be monomorphic in crossbred goat.

Table 16: Breed wise genotypic and allelic frequencies of G811A mutation detected in BMP15 gene
	Breed

	Genotypic frequency
	Allelic Frequency
	He
	PIC

	
	GG
	GA
	AA
	G
	A
	
	

	Black Bengal
	0.60
	040
	0.00
	0.80
	0.20
	0.32
	0.27

	Jamnapari
	0.50
	0.50
	0.00
	0.75
	0.25
	0.38
	0.31

	Crossbred
	1.00
	0.00
	0.00
	1.00
	0.00
	-
	-

	Overall
	0.86
	0.14
	0.00
	0.61
	0.39
	0.48
	0.36


Legends: GG- homozygous wild, GA- heterozygous mutant and AA- homozygous mutant.

4.4. Cadherin 26 gene (CDH26)
4.4.1. PCR amplification of CDH26 Gene
The exon 8 coding sequence of CDH26 gene was amplified using genomic DNA from 123 does from three different breeds of goat.  The PCR products were separated on 1.5% agarose gels. The results showed that amplification fragment sizes were amplified properly with the targeted amplicon size 680 bp as shown in Figure 11 and had a good specificity hence they could be sequenced directly.

4.4.2. Polymorphism in CDH26 gene
The nucleotide sequence amplified by selected primer is 680 bp that covers 925-1110 bp of coding sequence (CDS) of CDH26 gene. Consensus of assembled sequences for three different breeds of goat was deposited in NCBI-Genbank database under the accession no. of MN644894, MN644895 and MN644896.  The sequencing results of this study revealed three SNPs in the exon 8 of CDH26 gene-compared with reference CDS of CDH26 (Sequence ID: XM_005688418.3). The polymorphisms are c.975C˃T which results no amino acid change (samesense), c.1035-1036CA˃TG resulting a change of threonine to methionine (Thr345Met), c.1064G˃A causing a valine to isoleucine (Val355ILE) in CDH26 protein (Table 17). Figure 12 and Figure 13 shows the sequencing results for a c.975C˃T and c.1035-1036CA˃TG in CDH26 gene, respectively. Figure 14 represents the sequencing chromatogram and multiple alignments of CDH26 sequences with the reference sequence from the database.
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Figure 11: Gel electrophoresis image for amplicon of CDH26 exon 8.
Lane (M) is a DNA marker/ladder; Lane P is positive sample and Lane N is negative sample; Lane L1-L16 represents the PCR product of CDH26 gene (680 bp) of three indigenous goats 



	


Table 17: Polymorphic sequence variations detected in CDH26 gene in studied goat
	Region
	Coding base (bp)
	Base change
	RNA codon change
	Amino acid change
	Type of mutation

	Exon8
	975 (Novel mutation)
	C-T
	CUC-CUU
	-
	Samesense

	
	1035-1036 (Novel mutation)
	CA-TG
	ACA-AUG
	Thr (T) 345 Met (M)
	Missense

	
	1064 (Novel mutation)
	G-A
	GUU-AUU
	Val (V) 355 ILE (I)
	Missense
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	A. Individual with homozygous wild genotype (975C/C)
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	B. Individual with heterozygous mutant genotype (975C/T)
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	C. Individual with homozygous mutant genotype (975T/T)



Figure 12: Sequencing results of the C975T locus in CDH26 gene
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	A. Individual with heterozygous mutant genotype (1035C/T and 1036A/G)
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	B. Individual with homozygous mutant genotype (10735AT/T and 1036G/G)


Figure 13: Sequencing results of the C1035T and A1036G locus in CDH26 gene
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A. Alignment (reference gene with sequences from three different breed) showing G1064A mutation
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	B. Individual with homozygous mutant genotype (1064AA)


Figure 14: Sequencing results of the G1064A locus in CDH26 gene

4.4.3. Breed wise allelic and genotypic frequencies of different polymorphisms in CDH26 gene
4.4.3.1. C975T in CDH26 gene
For the C975T locus, all three possible combinations (homozygous wild CC, heterozygous mutant CT and homozygous mutant TT) were identified in Jamnapari goats, however, there is no homozygous wild CC genotype observed in Black Bengal and crossbred goats. Genotypes and allele frequencies of c.975G>T for Black Bengal, Jamnapari and crossbred goats are presented in Table 18. This SNP displayed a higher frequency of T (68% frequency in the whole population) than the C allele and the homozygous mutant genotype TT was moderately dominated in the whole population (average 0.55). According to the classification of PIC (low polymorphism if PIC value <0.25, moderate polymorphism if PIC value 0.25-0.50 and high polymorphism if PIC value >0.50), C975T locus was found to be highly polymorphic (PIC value 0.91) in Black Bengal goat, moderately polymorphic in Jamnapari goat (PIC value 0.36) and crossbred goat (PIC value 0.35) which could be used for genetic diversity studies in goats.

Table 18: Breed wise genotypic and allelic frequencies of C975T mutation detected in CDH26 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	CC
	CT
	TT
	C
	T
	
	

	Black Bengal
	0.00
	0.10
	0.90
	0.05
	0.95
	0.95
	0.91

	Jamnapari
	0.33
	0.56
	0.11
	0.61
	0.39
	0.48
	0.36

	Crossbred
	0.00
	0.66
	0.34
	0.33
	0.67
	0.44
	0.35

	Overall
	0.15
	0.40
	0.55
	0.32
	0.68
	0.43
	0.34


Legends: CC- homozygous wild, CT- heterozygous mutant and TT- homozygous mutant.

4.4.3.2. C1035T-A1036G mutation detected in CDH26 gene
Genotypes and allele frequencies of c.1035CT>AG for Black Bengal, Jamnapari and crossbred are presented in Table 19. Two possible combinations: heterozygous mutant CT-AG and homozygous mutant TT-GG were revealed for the C1035T-A1036G polymorphic site in three goat breeds in Bangladesh. This SNP displayed a higher frequency of TG than the CA allele (95% frequency in the whole population), and the homozygous mutant genotype TT-GG was predominated in the whole population (56% frequency). C1035T-A1036G locus was found to be monomorphic in Black Bengal and Jamnapari goat, lowly polymorphic in crossbred goat (PIC value 0.18).

Table 19: Breed wise genotypic and allelic frequencies of C1035T-A1036G mutation detected in CDH26 gene
	Breed

	Genotypic frequency
	Allelic frequency
	He
	PIC

	
	CC-AA
	CT-AG
	TT-GG
	CA
	TG
	
	

	Black Bengal
	0.00
	0.00
	1.00
	0.00
	1.00
	-
	-

	Jamnapari
	0.00
	0.00
	1.00
	0.00
	1.00
	-
	-

	Crossbred
	0.00
	0.22
	0.78
	0.11
	0.89
	0.20
	0.18

	Overall
	0.04
	0.11
	0.56
	0.04
	0.96
	0.08
	0.07


Legends: CC-AA- homozygous wild, CT-AG- heterozygous mutant and TT-GG- homozygous mutant.
4.4.3.3. G1164A mutation detected in CDH26 gene
In comparison with the reference caprine CDH26 gene, all three studied goats in present the study showed only homozygous mutant genotypes AA (Table 20). This finding indicates that 1164 position in all three studied goat population is completely different than that of reference sequence (if the reference value from NCBI is true). 

Table 20: Breed wise genotypic and allelic frequencies of G1164A mutation detected in CDH26 gene
	Breed

	Genotypic frequency
	Allelic Frequency
	He
	PIC

	
	GG
	GA
	AA
	G
	A
	
	

	Black Bengal
	0.00
	0.00
	1.00
	0.00
	1.00
	-
	-

	Jamnapari
	0.00
	0.00
	1.00
	0.00
	1.00
	-
	-

	Crossbred
	0.00
	0.00
	1.00
	0.00
	1.00
	-
	-

	Overall
	0.00
	0.00
	1.00
	0.00
	1.00
	-
	-



4.5. Association analysis
4.5.1. Breed wise litter size for different genotypes of polymorphic loci of GDF9 gene
The mean litter size for different genotypes at polymorphic loci of GDF9 gene is shown in Table 21. Results show, individuals with CT genotype at C818T loci had a significantly (p<0.05) higher litter size (2.72±0.29) than those with CC genotype (1.75±0.39) in Black Bengal goat. However, in Jamnapari and Crossbred goats litter size did not vary with different genotypes at C818T loci. G1073A and G1189A loci of GDF9 gene did not show any significant difference for litter sizes in different genotypes at these loci. Jamnapari goat with GG genotype at G1330T recorded with a significantly higher litter size (2.50±0.36) than those of GT genotype (1.00±0.89). However, different genotypes of Black Bengal and Crossbred goats did not show significant difference for litter size at these loci. G1073A and G1189A loci of GDF9 gene did not show any significant difference for litter size in different genotypes at these loci. Jamnapari goat with GG genotype at G1330T recorded with a significantly higher litter size (2.50±0.36) than those of GT genotype (1.00±0.89). 
Table 21: Breed-wise least squares means of litter size for different genotypes at C818T, G1073A, G1189A, and G1330T loci of GDF9 gene

	Locus
	C818T
	G1073A
	G1189A
	G1330T

	
	Genotype
	Genotype
	Genotype
	Genotype

	Breed
	CC
	CT
	TT
	GG
	GA
	GG
	GA
	GG
	GT

	Black Bengal
	1.75a±0.39
	2.72b±0.29
	2.00ab±0.64
	2.04±0.27
	2.72±0.456
	2.13±0.24
	-
	2.00±0.30
	2.33±0.37

	Jamnapari
	2.00±0.40
	3.00±0.63
	-
	2.00±0.39
	2.00±0.89
	2.00±0.39
	2.00±0.89
	2.50a±0.36
	1.00b±0.89

	Crossbred
	2.33±0.48
	2.33±0.67
	-
	2.44±0.44
	2.00±0.82
	2.33±0.48
	2.33±0.67
	1.93±0.48
	3.00±0.66


(Level of significance 5%) 
Legends: C818T: CC- homozygous wild, CT- heterozygous mutant, TT- homozygous mutant; G1073A: GG- homozygous wild, GA- heterozygous mutant; G1189A: GG- homozygous wild, GA- heterozygous mutant; G1330T: GG- homozygous wild, GT- heterozygous mutant.


4.5.2. Breed-wise of litter size for different genotypes of polymorphic loci of BMP15 gene

Table 22 displays the litter size for different genotypes of the BMP15 gene. In table 22, results showed that individuals with heterozygous mutant (GT) genotype at C616T loci of BMP15 gene had a higher litter size (but not statistically significant) than those with homozygous wild genotype (GG) in the Black Bengal and Jamnapari goat. Litter size in Crossbred goats was indifferent for two genotypes at the C616T loci. For G735A loci, both heterozygous (GA) and homozygous mutant (AA) genotypes of Black Bengal goat had higher litter size than those with wild type (GG) genotype. Breed-wise litter size for different genotypes of G811A locus was invariable.



















Table 22: Breed-wise least squares means of litter size for different genotypes at G616T, G735A, and G811A loci of BMP15 gene
	Locus
	G616T
	G735A
	G811A

	
	Genotype
	Genotype
	Genotype

	Breed
	GG
	GT
	GG
	GA
	AA
	GG
	GA

	Black Bengal
	2.66±0.33
	2.87±0.24
	2.66±0.33
	3.00±0.57
	2.83±0.26
	2.83±0.26
	2.75±0.29

	Jamnapari
	2.00±0.40
	3.00±0.63
	2.00±0.39
	2.00±0.89
	-
	2.00±0.39
	2.00±0.89

	Crossbred
	2.33±0.48
	2.33±0.67
	2.44±0.44
	2.00±0.82
	-
	2.33±0.48
	2.33±0.67


(Level of significance 5%) 
Legends: C616T: GG- homozygous wild, GT- heterozygous mutant; G735A: GG- homozygous wild, GA- heterozygous mutant, AA- homozygous mutant; G811A: GG- homozygous wild, GA- heterozygous mutant.



4.5.3. Breed-wise litter size for different genotypes of polymorphic loci of CDH26 gene
The mean litter size for different genotypes of the CDH26 gene was displayed in Table 23. The results of association analysis illustrate that animals with heterozygous mutant (CT) genotype at C975T locus had a higher litter size than those with homozygous mutant genotype (TT) in three different goats. In Jamnapari goat, this difference is statistically significant (p<0.05).  For C1035T-A1036G locus, heterozygous CT-AG genotype of Jamnapari goat recorded with a significantly (p<0.05) higher litter size (3.00±0.61) than that of homozygous mutant genotype TT-GG (1.83±0.38).

















Table 23: Breed-wise least squares means of litter size for different genotypes at C975T and C1035T-A1036G loci of CDH26 gene
	Locus
	C975T
	C1035T-A1036G

	
	Genotype
	Genotype

	Breed
	CC
	CT
	TT
	CT-AG
	TT-GG

	Black Bengal
	-
	2.66±0.23
	2.00±0.70
	-
	2.33±0.37

	Jamnapari
	2.50a±0.53
	2.75a±0.48
	1.00a±0.86
	3.00a±0.61
	1.83b±0.38

	Crossbred
	-
	3.00a ±0.00
	2.00b ±0.70
	-
	2.00±0.33


 (Level of significance 5%) 
Legends: C975T: CC- homozygous wild, CT- heterozygous mutant, TT- homozygous mutant; C1035T-A1036G: CT-AG- heterozygous mutant, TT-GG- homozygous mutant.







4.6. Phylogenetic analysis
The sequence information of three genes (GDF9, BMP15 and CDH26) from three native goats was compared with published sequences of different goat breeds.

4.6.1. Phylogenetic analysis of GDF9 gene
The nucleotide sequences of GDF9 gene of three goats of Bangladesh and fourteen published sequences of this gene used for construction of phylogenetic tree (Figure 15). Phylogenetic analysis revealed that the sequences of Jamnapari goat breed belongs to a distant tree branch compared to Black Bengal and Crossbred goat.  However, in the present study, Black Bengal and Crossbred goats clustered in a shared cluster Beetal goat breed.
[image: C:\Users\USER\Desktop\gdf9_tree.png]
Figure 15: Phylogenetic tree of GDF9 gene
4.6.2. Phylogenetic analysis of BMP15 gene
Nucleotide sequences of BMP15 gene of three Bangladeshi goats was used in this study and 11 published sequences of BMP15 gene from NCBI database to construct of phylogenetic tree (Figure 16). Present result showed BMP15 gene was not phylogenetically diverse in Jamnapari and Black Bengal goat. Crossbred goat breed belongs to a separate cluster that differs with other goat breeds when clustering was done for BMP15 gene in the present study.
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Figure 16: Phylogenetic tree of BMP15 gene

4.6.3. Phylogenetic analysis of CDH26 gene
The nucleotide sequences of CDH26 gene of three Bangladeshi goats of Bangladesh in this study and nine different livestock species from NCBI database was used for construction of phylogenetic tree of CDH26 gene (Figure 17). All three goats of the present study clustered into a common cluster with San Clemente goat breed. However, CDH26 found to be phylogenetically diverse in different livestock species analyzed in this study.
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Figure 17: Phylogenetic tree of CDH26 gene








CHAPTER-5: DISCUSSION

5.1. Phenotypic performance of litter size
The results of this study showed overall litter size in the indigenous goat of Bangladesh varied significantly in different breeds (P<0.05) and different parities (P<0.005). Black Bengal goat recorded with higher litter size (2.56±0.12) than that of Jamnapari (2.17±0.13) and Crossbred goat (2.08±0.13), respectively. The possible reason for this significant difference between three Bangladeshi goat breeds is attributed to breed difference, since the Black Bengal goat is highly prolific whereas Jamnapari and Crossbred goats have relatively lower litter size. Faruque et al. (2010) reported that, Black Bengal goat breed is considered an excellent breed for the various reproductive attributes such as high litter size and early maturity. Consistent with the current results, Miah et al. (2016) reported Black Bengal goat breeds found to have an average litter size of 2.13±0.10 which is lower than this study. Similarly lower litter size (1.96±0.75) was also found in Bangladeshi Black Bengal goat breed at Bandaikhara village under Atrai Upazilla of Naogaon district (Hassan et al., 2007). Hasan et al. (2014) reported the average litter size was 1.60±0.06 and 1.46±0.05 under semi-intensive and extensive conditions, respectively. Haldar et al. (2014) have recently reported 68.39% multiple births in Black Bengal goat, of which 61.70% were twins. Similarly, 56.3% of twin births have also been reported in Black Bengal goats at Atrai, Bangladesh (Hassan et al., 2007). Jamnapari is also another prolific breed available in Bangladesh. Triplets and quadruplets are also common in this breed. According to previously available data, Jamnapari goat breeds found to have a litter size of 1.59±0.11 and 1.70±0.60; single, twins and triplets of, 46.8%, 46.8% and 6.25% of cases and 32.90%, 58.20% and 8.80% of cases, respectively by Miah et al. (2016) and Hassan et al. (2010), both are lower than this study observation. Hassan et al. (2007) found the litter size of Bangladeshi crossbred goats (BBG×Jamnapari) was 1.25±0.25 which is lower than this study. Litter size is a reproductive trait which proved to be associated with the genetic potential, body weight, management practices and nutritional status of the flock. Another reason might be the season because many researchers reported that, goats mated in the fall were almost half as likely to present multiple births as were does mated in the hottest part of the year like summer and they concluded significantly larger litter size in goats mated in spring or summer, compared to cooler seasons of the year (Mellado et al., 2006; Lopez et al., 1992; Silva et al., 1998).

The effect of parity was also significant on litter size (p<0.05). Litter size in this study showed a tendency to increase from first parity to fourth parity in case of Black Bengal goat goats. Goats with first parity are less likely to produce multiple births, while during second, third and fourth parties the percentage of twin, triplets and quadruplets was found very high. Some of the second, third and fourth parity animals have delivered twins during their first parity also. This finding is comparable to the earlier observation of many authors in the case of Black Bengal goats. Ahlawat et al. (2015) reported significant (P<0.01) effects of parity on litter size in Black Bengal goat breeds. Our finding for Black Bengal goats in the present study was in line with the findings of Faruque et al. (2010) who have also reported significantly (P<0.001) lower litter size in the first parity (1.43±0.12) than in the seventh parity (3.00±0.45) and concluded that litter size increases linearly with parity in these goats. Similarly Akpa et al. (2011) stated that litter size showed a tendency to increase from the first parity to fifth parity and a reduction in the sixth parity. On the other hand, Jamnapari goat showed to increase from first to second parity and slightly decrease after third to fourth parity and crossbred goat presented to rise from first to third parity and slightly decrease after fourth parity. Similar result reported by Sodiq et al. (2003) that the litter size of Kacang and Peranakan Etawah does tend to increase with advance in parity up to the 4th parity and slightly decrease thereafter. Haldar et al. (2014) concluded that larger litter size was strongly influenced by higher parity and higher previous litter size in meat type goat breed. The possible reason behind this is the increase in litter size with the advance parity may be associated with the physiological maturity of the does. The lower prolificacy of primiparous does may be associated with an underdeveloped state of the reproductive features required for successive litter bearing compared with those of multiparous does that have reached physiological maturity (Amoah et al., 1996). These observations indicate that the parity level in which doe’s prolific ability reaches its peak is between the 4th and 5th parity, thus culling of does from the herd can start beyond the 5th parity.

Although the commercial farmers started to cull their does after the fourth parity, the majority of the does were culled after the 5th parity. This is probably because after the 4th parity, the performance of the doe decreased. It may be economically unwise to culled does at the early parities (except for ill-health) when the full genetic potential of their reproductive rate has not yet been fully expressed. Hence, it may not be economical to keep these does beyond the 4th parity. The positive relationship of parity and litter size implies that prolificacy of this goat increased with parity.

5.2. Polymorphism found in associated gene
Identification of the candidate genes which are responsible for variation in quantitative traits has been a challenge in modern genetics. So far, there are several reports of GDF9 (Arefnejad et al., 2018; An et al., 2013a; Zhu et al., 2013; Sonika et al., 2012; Wang et al., 2018), BMP15 (Arefnejad et al., 2018; Heikal and El Naby 2017; Jalbani et al., 2017; Wang et al., 2011; Ghoreishi et al., 2011) and CDH26 (Lai et al., 2016) as a candidate gene for reproductive traits in goats. These studies reported association between variant in these genes and litter size which implicating their essential role in caprine reproduction.

In this study, more invasive search was performed coding exons of three genes GDF9, BMP15 and CDH26 respectively. The research was executed in two phases. In first phase, polymorphism was identified and association with litter size was analyzed. In 2nd phase, genetic diversity of the GDF9, BMP15 and CDH26 gene in Bangladeshi goat was carried out through phylogenetic analysis.

5.2.1. Polymorphisms in GDF9 gene
During recent years, the effect of SNPs in the GDF9 gene on fecundity has been widely investigated in different breeds of goats. GDF9 gene composed of two exons having 1,362 base pairs in total length. Polymorphism scan of the GDF9 gene was performed for the first time in three goats of Bangladesh. In the present study, GDF9 was polymorphic in Black Bengal, Jamnapari and Crossbred goat. Gene sequencing results revealed that the four SNPs in the exon 2 of GDF9 gene-compared with reference CDS of GDF9 in three indigenous goats of Bangladesh. Four SNPs were identified c.818C˃T, c.1073G˃A, c.1189G˃A and c.1330G˃T. Two SNPs c.1073G˃A and c.1330G˃T were found to be novel based on literature. The c.1073G˃A alters arginine to lysine at position 358 (p.Arg358Lys) and c.1330G˃T substitutes aspartic acid to tyrosine at position 444 (p.Asp444Tyr).

Among SNPs detected in GDF9 gene, the c.1189G>A polymorphism (p.Val397Ile) is the most common polymorphism studied in different breeds of goats in the world. This c.1189G>A is a missense mutation resulting in changes in the amino acid sequence of the respective protein in which valine is changed with an isoleucine at position 397 of the protein. A functional effect for c.1189G>A polymorphism is predicted. Several studies have been reported that this SNP is associated with fecundity and was identified in Jining Grey, Liaoning Cashmere and Boer goats (Zehui et al., 2006; Feng et al., 2011), Guizhou White goats (Du et al., 2008; Feng et al., 2011), Wendeng Dairy and Beijing native goats (Zehui et al., 2006; Feng et al., 2011), in Yangtse River Delta White, Huanghuai and Boer goats by Zhang et al. (2008), Jining grey goat, Lubei white goat and Yimeng black goat (Dong and Du, 2011), Xinong Saanen, Guanzhong and Boer (An et al., 2012), Henan Dairy goat (Wang et al., 2013), Chinese goats (Zhu et al., 2013; Wang et al., 2019), Cashmere goats (Zhao et al., 2016) and in Beetal, Barbari, Black-Bengal, Malabari, Osmanabadi and Ganjam (Ahlawat et al., 2013). However, other studies indicates that there is no association of this SNP with fecundity in goats (Hadizadeh et al., 2014; Shokrollahi and Morammazi, 2018; Ahlawat et al., 2015; Ahlawat et al., 2016; Ren et al., 2012). In some of these studies there was less than desirable statistical power to validate positive or negative effects of the c.1189G>A variant on litter size, as a consequence of small sample sizes. To address this problem, large sample sizes are required to determine genetic effects of the c.1189G>A polymorphism on litter size in goats. In this study, c.1189G>A polymorphism, G1189A locus was found to be lowly polymorphic in Jamnapari and Crossbred goats and monomorphic in Black Bengal goat. The G1189A were genotyped by Ahlawat et al. (2016) using RFLP-PCR and by Ahlawat et al. (2015) and Ahlawat et al., (2016) using T-ARMS-PCR in Indian goats. 
However, dissimilar results was found by Ahlawat et al. (2015) and Maitra et al. (2016) in Black Bengal goat (PIC value 0.17) where allele frequency of G was 0.89 and A was 0.11. Homozygous mutant AA genotype was not seen in these three Bangladeshi goats. 

However, for the c.1073G˃A, c.1189G˃A and c.1330G˃T SNP loci, we did not observe any homozygous mutant genotype in the study population. One possible reason is that these mutations are inactivating mutations in homozygote form; therefore does carrying two copies of mutated alleles are sterile and are expected to remove from the reproductive flock. Till date, reports on infertility among three Bangladeshi goats are scarce. Therefore, absence of homozygote mutant does for these three loci in the Bangladeshi goats, similar to the situation that was observed for Thoka sheep, Beetal and Tali goat (Nicol et al., 2009; Hadizadeh et al., 2014)

The remaining missense mutation is c.818C˃T that alters Alanine to Valine at position 273 (p.Ala273Val) C818T locus was found to be moderately polymorphic (PIC value 0.32) in Black Bengal goat. Several researchers (Ahlawat et al., 2014, Ahlawat et al., 2015 and Maitra et al., 2016) found the similar result in case of C818T locus in Black Bengal goat (PIC value 0.308) where allele frequency of C was 0.74 and T was 0.26 in Black Bengal goat. However, C818T locus was low polymorphic in Jamnapari goat (PIC value 0.20) and Crossbred goat (PIC value 0.22).

5.2.2. Polymorphisms in BMP15 gene
In the current study, exon 2 of BMP15 gene was screened in the three native goats (Black Bengal, Jamnapari and crossbred) of Bangladesh. Three SNP was detected with PCR and verified by sequencing of the amplicon. The study revealed that the gene BMP15 is a polymorphic gene that has numerous mutations that can be beneficial or harmful. However, the beneficial ones were more than the deleterious ones in the present study. It is a polymorphic gene whose polymorphism has been proven to be associated with increased ovulation rate, sterility and litter size of farm animals (Wang et al., 2011; Hanrahan et al., 2004). BMP15 gene is a prominent gene having a credible position in the fecundity of goat (Galloway et al., 2000). Exon 2 of BMP15 gene in goats showed several polymorphic sites other than those reported in sheep in numerous previous studies (Hanrahan et al., 2004; Zamani et al., 2015).

Compared with reference CDS of BMP15 gene three SNPs were identified in the exon 2 of BMP15 gene viz. c.616G˃T, c.735G˃A and c.811G˃A. The c.616G˃T predicted to cause an amino acid change arginine to serine (p.Arg206Ser), and  c.811G˃A results in alanine to threonine substitution at 271 (p.Ala271Thr) of BMP15 protein. These two novel mutations were not reported earlier. These novel polymorphisms will be helpful to identify the region of the goat breeds of the world. In the recent years, there are so many novel mutation found in the of BMP15 gene. Six novel SNPs were reported by Nawaz et al. (2013) where two were intronic mutations 982T>C and 5572A>G and four were exonic mutations 6280T>G, 6353G>A, 6443T>C and 6492A>G in Teddy and Beetal goat breed of Pakistan. Two novel mutations G735A and C808G in BMP15 gene were reported by Ahlawat et al. (2013) through tetra primer ARMS-PCR and PCR-RFLP. These findings were implicating a higher polymorphism in BMP15 gene.

The c.735G˃A is a samesense mutation hence does not cause an amino acid substitution. Several investigation have been reported that this SNP has been associated with fecundity in Beetal, Barbari, Black-Bengal, Malabari, Osmanabadi and Ganjam goat breeds in India (Ahlawat et al., 2013), Beetal, Jakhrana, Barbari, Black Bengal, Ganjam, Osmanabadi and Sangamneri goat breed in India (Maitra et al., 2016). Ahlawat et al. (2013) sequenced exon 2 of the amplified region and found wild type pattern in the candidate gene of investigated six Indian goat breeds of Beetal, Barbari, Black-Bengal, Malabari, Osmanabadi and Ganjam that had different fecundity. However, in this wild type two novel point mutation G735A and C808G investigated in exon 2. G735A mutation has been found to be synonymous in nature which showed no evidence of being related to litter size in Indian goat breeds. The c.735G>A mutation found to be moderately polymorphic (PIC value 0.35) where major allele was A (0.65) and minor allele was G (0.35) in Black Bengal goat in this study. However, homozygous wild AA genotype was predominant in Black Bengal goat. But Maitra et al. (2016) found different result that G was major allele and frequency was 0.64 and minor allele frequency A was 0.36. However, all three genotype breeds of Bangladesh were found to be moderately polymorphic in this mutation. Three polymorphisms investigated by Ghoreishi et al. (2011) at exon 1 and 2 of BMP15 gene, among them G573A and T755G found in exon 2. However, these mutations revealed no evidence of being linked with prolificacy in Markhoz goat breeds. However, for the c.616G˃T and c.811G˃A mutation, we did not find any homozygous mutant genotype in the study population. The possible reason behind this is that these mutations are inactivating mutations in homozygote form; therefore does carrying two copies of mutated alleles are sterile and are expected to remove from the reproductive flock. Therefore, absence of homozygote mutant does for these three loci in the Bangladeshi goats, similar to the situation that was observed for Small-Tail Han sheep, Tunisian-Barbarine sheep and Markhoz goat (Chu et al., 2007b; Lassoued et al., 2017; Ghoreishi et. al., 2019). 

5.2.3. Polymorphisms in CDH26 gene
Very few works have been conducted so far to explore CDH26 gene in goat. Lai et al. (2016) reported non-synonymous homologous exonic SNPs in CDH26 gene. They also showed that this CDH26 gene might take important roles in the fecundity traits which were seen in Laoshan dairy goats in China. These observations bring a new window into the genetic variation influencing fecundity traits within the goats. In the present study, three SNPs viz. c.975C˃T, c.1035-1036CA˃TG and c.1064G˃A were revealed in the exon 8 of CDH26 gene-compared with reference coding sequence of CDH26 gene in three goat breeds of Bangladesh. Similar findings were also found in Laoshan dairy goats in China viz. c.1063A˃G, c.1035G˃A and c.1034T˃C in the high fecundity group in CDH26 gene. These non-synonymous SNPs were selected as having strong genetic differentiation between the groups and may play important roles in fecundity (Lai et al., 2016).

5.3. Association analysis of different genotypes
5.3.1. Association analysis of different genotypes of polymorphic loci of GDF9 gene
Association analysis revealed that heterozygous mutant (CT) genotype at C818T loci in GDF9 gene had significantly (p<0.05) higher litter size in prolific Black Bengal goat of Bangladesh. Jamnapari goat with homozygous wild (GG) genotype at G1330T loci in GDF9 gene also recorded with a significantly (p<0.05) litter size that other two genetypes at same locus. Feng et al. (2011) reported four SNPs in GDF9 gene (G3288A in intron 1, G423A, A959C and G1189A in exon 2) in four goat breeds of China with different prolificacy including the one genotyped by this study (G1189A). Besides these, six novel SNPs viz. C818T, A959C and G1189A in GDF9 gene were investigated in Black Bengal goat breeds of neighboring country India (Ahlawat et al., 2015), two loci were identified in this study. Ahlawat et al. (2015) and Feng et al. (2011) have reported a significant effect of allelic variants in GDF9 gene on the litter size in different goat breeds.

5.3.2. Association analysis of different genotypes of polymorphic loci of BMP15 gene
Association of genotype and litter size in Black Bengal, Jamnapari and Crossbred goat at locus c.616G˃T, c.735G˃A and c.811G˃A were found to be non-significant. However, individuals with GT genotype at C616T loci had a higher litter size than those with GG in the Black Bengal and Jamnapari goat. In this study, G735A loci with both GA and AA genotypes of Black Bengal goat had higher litter size than those with GG genotype. But the differences were not statistically significant (p˃0.05).  The effect of genotypes of G735A locus in BMP15 gene on litter size also reported in Indian Black Bengal goat breed (Ahlawat et al., 2015; 2016). This study indicates GT, GA and AA, GG genotypes at locus 616, 735 and 811 respectively favored the higher litter size in comparison to GG, GG and GA in three goats.

5.3.3. Association analysis of different genotypes of polymorphic loci of CDH26 gene
Significant (p<0.05) association was revealed at C975T and C1035T-A1036G locus in CDH26 gene with litter size in the present study. Result illustrated that does with CT genotype at C975T locus had a higher litter size than those with TT genotype in three different goat breeds of Bangladesh. But Jamnapari breed showed significant difference for litter size at both the loci. Three SNPs viz. A1063G, G1035A, T1034C in CDH26 gene were investigated and concluded as significant association in Laoshan dairy goats in China (Lai et al., 2016).

5.4. Phylogenetic analysis
5.4.1. Genetic divergence based on GDF9 gene sequence
The genetic difference in the Black Bengal, Jamnapari and Crossbred goat with other breeds was based on the seventeen nucleotides sequences, out of total 799 bp sequence of GDF9 gene used to construct the phylogenetic tree. The phylogenetic tree of GDF9 gene (Figure 15) showed Jamnapari goat of the present study outgrouped from the other goats of India, China, Iran, and Pakistan including other two breed of the present study. However, GDF9 gene in all the remaining sixteen goat breeds, including Black Bengal and Crossbred goat breeds from the present study were grouped into a mega clade. Black Bengal (current study) and Beetal goat breed were clustered together in a single sub-clade and both of them showed the maximum divergence from the common ancestor followed by Crossbred goat. Similarly, Rayini and Black Bengal goat (India) was also clustered together in a single sub-clade.

5.4.2. Genetic divergence based on BMP15 gene sequence
Phylogenetic analysis revealed BMP15 gene sequence in Black Bengal and Jamnapari goat showing they are not phylogenetically diverse. BMP15 gene indicated the Crossbred goat of the present study clustered in a separate group that differ from the other breeds of India, China, Iran, and Pakistan including Black Bengal and Jamnapari goat (Figure 16). The reason behind this Crossbred goat might carry gene from other goat breeds. It is highly recommended that phylogenetic trees of these goat breeds should be developed in future studies by using larger genetic data sets will better explain their relatedness and relationship with each other.

5.4.3. Genetic divergence based on CDH26 gene sequence
The phylogenetic analysis of CDH26 gene sequence in three Bangladeshi goats with the other livestock species was based on the twelve nucleotides sequences used to construct the phylogenetic tree. All three goat breeds of the present study clustered into a common cluster with San Clemente goat breed. However, CDH26 found to be phylogenetically diverse in different livestock species analyzed in this study. However, the Black Bengal goat was closer to Crossbred goat in the tree compared with other goat breeds including Jamnapari goat. 

Taken together all observations from the phylogenetic analyses of three genes in the present study, it can be concluded that Bangladeshi prolific goat population might be genetically diverse in the two major fecundity genes (GDF9 and BMP15) while CDH26 gene might not contributing to the genetic differences in this goat population.

The present study created a database on molecular markers associated with fecundity traits in three Bangladeshi goat breeds. Because the consensus of assembled sequences for three different breed of goats were submitted in NCBI-Genbank database under the accession number were MN629927, MN629928 and MN629929 in case of GDF9 gene; MN629924, MN629925 and MN629926 in case of BMP15 gene and MN644894, MN644895 and MN644896 in case of CDH26 gene. The generated data will provide baseline data for further studies into the molecular basis of fertility and fecundity trait in other species.
LIMITATION AND RECOMMENDATION

The study has the following recommendations:
1. Due to time and resource limitations we conducted the study in small scale. In future the study can be conducted involving higher sample size.
2. There are many genes related to litter size trait in sheep and goat. It is better to search more genes in Bangladeshi goat for the important of litter size trait marker assisted selection. 
3. Not only improve litter size, but also need to improve milk yield in Bangladeshi does. So future study will be conducted with milk trait.
























CONCLUSION

This study is one of the initial works to create a foundation for future genetic studies to assess fecundity in goats of Bangladesh. The results of this study preliminarily suggested that, the GDF9, BMP15 and CDH26 gene sequence in Black Bengal, Jamnapari and Crossbred goats are polymorphic. This study explored ten SNPs in exon 2 of GDF9, exon 2 of BMP15 and exon 8 of CDH26 genes, among them c.1073G>A and c.1330G>T in GDF9 gene, c.616G˃T and c.811G˃A in BMP15 gene and c.975C˃T, c.1064G˃A and c.1035-1036CA˃TG in CDH26 gene was novel SNPs. The association of ten SNPs of GDF9, BMP15 and CDH26 genes was also investigated with the litter size in Black Bengal, Jamnapari and Crossbred goats.  However, the effect of breed and parity was significant (p<0.05) on litter size in these three goat breeds. Black Bengal goat breed and 3rd and 4th parity of Black Bengal goat represents higher litter size in Bangladeshi goats. Heterozygous mutant (CT) at C818T loci and homozygous wild (GG) at G1330T loci in GDF9 gene recorded with a significantly (p<0.05) higher litter size in these candidate genes. On the other hand, heterozygous mutant (CT) genotype at C975T loci and heterozygous CT-AG genotype at C1035T-A1036G loci was also recorded significantly higher litter size in CDH26 gene. The association between polymorphisms this study identified in GDF9 exon 2, BMP15 exon 2 and CDH26 exon 8 and litter size in goats of Bangladesh indicates its perspective in future molecular breeding. However, the present study investigated only a small number of does and further investigation is required to confirm the link with increased prolificacy in Black Bengal, Jamnapari and Crossbred goats. This study results extend the continuum of genetic variation of caprine fecundity genes, which might contribute to molecular breeding of goat genetic resources in Bangladesh.
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Figure 2: Gel electrophoresis image 
A: GDF9 gene (799 bp); B: BMP15 gene (527 bp); C: CDH26 gene (680 bp)
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Figure 1: Sequencing data of GDF9 gene
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Figure 2: Sequencing data of BMP15 gene
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Figure 3: Sequencing data of CDH26 gene

Appendix-III

Data collection form

Screening for polymorphisms in litter size trait associated genes in goats of Bangladesh
Department of Genetics & Animal Breeding 
Chattogram Veterinary and Animal Sciences University

                   ID NO:  *M………….  *F…………..                  Date:


1. Owner name: …………………………… Contact no:………………………. Address:………………………………………………………………………..............
Village:………………………………………….upazila:.…………..………..............
District:…………….......................................................................................................
2. Education status of the owner: : 1)  Low educated (1-5 class) 2)  Medium (6-9 class) 3)  Higher (10-11 class) 4)  Educated (Graduate)
3. Are they maintain record sheet: 1)  Yes 2)  No 3)  When necessary
4. Current population of Goat at farm………………………
5. Age of the goat:   1)   Less than 1 year	2)  1 year	3)  1 year-2 year 4)  More than 2 year
6. Sex of the goat: 1)   Female	2)  Male
7. Stage of the goat: 1)   Doe (Adult female)	2)  Lactating doe 3)  Suckling (Female with offspring) 4)  Buck (Adult male)	5)  Wether (Castrated male)
8. Frequency of calving : 1)   First time 2)  Second time 3)  Third time 4)  More 
9. Number of kids normally give birth: 1)  Single 2)  Twice or more than one 3)  Thrice 4)  Fluctuate
10. How do you maintain male and female ratio: 1)  5:1 2)  8:1 3)  10:1 4)  Not maintain
11. Inseminating system: 1)  Natural	2)  Artificial
12. How do you select a good quality buck for future offspring?
……………………………………………………………………………………
13. How much blood do you collect? 1)  2 ml 2)  3 ml 3)  5 ml
14. Do you use any antiseptic before collection of blood? 1)  Yes	2)  No
15. Do you use any anticoagulant in the test tube? 1)  Yes	2)  No
16. How do you store the test tubes immediately after collection? 
1)  In the test tube stand    2)  By other means


Thank you very much for your cooperation
Name of the interviewee..............                              Name of the interviewer............
Signature......................................                              Signature ………………………


BIOGRAPHY



This is DR. Mishuk Shaha, son of Mr. Anukul Saha and Mrs. Sumita Saha, from Daganbhuiyan upazila under Feni district of Bangladesh. He completed the Secondary School Certificate (SSC) Examination in 2008 from Chattogram Collegiate School, Chattogram, followed by Higher Secondary Certificate (HSC) Examination in 2010 from Govt. City College, Chattogram. He obtained his Doctor of Veterinary Medicine (DVM) degree in 2017 from Chattogram Veterinary and Animal Sciences University, Chattogram, Bangladesh. Now, he is a candidate for the degree of Masters of Science in Animal Breeding and Genetics at the Department of Genetics and Animal Breeding, Faculty of Veterinary Medicine, CVASU, Chattogram, Bangladesh. He has immense of interests toward the higher studies as well as research in the field of molecular biology and genetics.
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