
 

1 
 

Research Journal of Innovative Ideas and Thoughts 5(2):52-63, Publisher RJIIT, 2018 Submitted: Sep 18, 
2018 Accepted: Dec 12, 2018 Published: December 21, 2018 

 

 

GROWTH MODULATION IN GOATS; GENETIC AND EPIGENETIC 

EFFECTS 

A REVIEW 
 

Muhammad Asad Farhan1, Azka Abbas1, Rubayya Shaheen1, Zeshan Haider Raza2,  

Inzamam ul Haq3,  

1Centre of Agri. Biochemistry and Biotechnology, University of Agriculture Faisalabad, Pakistan 

2Institute of Biochemistry and Biotechnology, UVAS Lahore, Pakistan 

3Institute of Animal and Dairy Sciences, University of Agriculture Faisalabad, Pakistan 

 

ABSTRACT: 

 Various genes are concerned with the regulated growth patterns in goat. These genes 

control many traits other than growth leading to some physiological activities as well as some 

physiochemical signaling cascades in goat. Multiple hormonal mediated factors along with some 

transcription factors are linked to growth in mammals. Out of numerous genes 271 are the novel 

genes which have shown a concerned perspective of growth regulation in goat. The expression 

and metabolism of these genes effect growth in different ways, some are sex linked while other 

may exhibit some morphological changes in the body like body weight, body condition and growth 

of the muscles. Growth hormone has strong effects on growth of goat. Myogenin gene plays key 

role in muscle differentiation. The analysis of variance showed that the age, birth season, sex and 

maternal handicaps had significant effect on the birth weight of children.  
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INTRODUCTION: 

Domestic goat (Capra aegargus hircus) is often regarded as "poor man cow" because it 

can thrive in thin feed and also capable of coping with harsh environments. The world's 700 million 

goats provide reliable meat and milk as well as skin especially in developing countries. Livestock 

farming in Pakistan is of immense importance as it is the most temperate region for the good 

growth of different animals. So far 25 indigenous goat breeds recognized in Pakistan (Hasnain, 

1985). 

Concerning goat farming, In Pakistan there are not sufficient programs for the development of it 

due to the lack of resources and production systems. As goat farming demands a potential care as 

well as critical approaches to meet the production criteria therefore Pakistan is getting a least 

production rate of almost 2.5% of the total state revenue. Developing states comprises 90% of the 

total world’s population of goat. Though goat farming is very cheap as compared to cow farming 

but somehow due to long term benefits we get through their farming mostly people do not prefer 
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to farm goat. In contrary to this goats are comparatively easy to rear and a rapid production period 

(Short gestation period) as compared to other livestock farming. 

DISCUSSIONS: 

Any variety improvement program is based on the greatest genetic variation. However, 

Environment shows significant impact on the performance and characteristics. Climate and 

seasons are the major environmental factors that affect the production of total population while 

other remaining factors like weight, age, gender and birth type affect the individual performance. 

It is important to estimate the size of whole these aspects to improve the effectiveness and 

effectiveness of the breeding program. The Genes involved in growth modulation in goat are 

explained below: 

Myogenin gene: 

 In many countries myogenin gene was introduced for the betterment of meat production of 

their native breeds of goats and excellent hybridization effects were gained (Goonewardene et al., 

1998). Structurally myogenin gene had three exons and two introns (Nabeshima et al., 1993; Hasty 

et al., 1993). Number of myofibrils present in the muscles of the goat meat directly correlate with 

their capacity to produce meat. Only during embryonic development stage muscle fibers are 

formed and are being controlled by the myogenin that is the part of basic helix-loop-helix (bHLH) 

family (Te Pas et al., 1999; Weintraub et al., 1991; Olson, 1990). 

 Myogenin gene is centrally positioned in bHLH family because it has capability of 

regulating differentiation of mono-nucleated myoblast into multinucleated myofibers and capable 

of abrogating myoblast proliferation (Weintraub et al., 1991; Wright et al., 1989) 

By establishing myofibers and controlling the beginning of myoblast fusion myogenin gene played 

a vital role in muscle differentiation (Ernst et al., 1993; Te Pas et al., 1999) 

Variation in growth rate as well as in numbers of fiber muscles in their body lead to the variations 

in muscle mass of goats (Soumillion et al., 1997; Te pas et al., 1999). 

Growth Hormone (GH) Gene: 

 Growth hormone (GH) comprises of 1800bp being separated by four intermediate 

sequences and also GH consists of five exons (Missohou et al., 2006; Tomar et al., 2015). 

Vertebrates require GH for their metabolism and postpartum growth (MacHugh et al., 2001).  Two 

regulatory regions i.e. introns and exons were found having polymorphism of this gene. It was 

reported that growth hormone had strong effects on growth of goat (Jenkinson et al., 1999) 

Myostatin (MSTN) Gene: 

 MSTN gene is considered one of the vital gene due to its key role in growth of muscles 

and its potential application in life of animals and also its importance in development and growth 

of livestock. Ruminants as well as non-ruminants both had involvement of this gene. Till recent 

findings single nucleotide polymorphisms (SNPs) found in goats showed no association with 

production traits (Li et al., 2006). 

 Myostatin, encoded by the MSTN gene is a member of the transforming growth factor β 

superfamily that normally acts to limit skeletal muscle mass by regulating both the number and 

the growth of muscle fibers (McPherron et al., 1997). 

 MSTN gene that encoded myostatin belonging to β superfamily regulated the growth, 

number of muscle fibers and reduced the skeletal muscles (McPherron et al., 1997). 

In adult Animals, maintenance of tissue stability and regulation of embryo development was found 

to be dependent on superfamily containing number of differentiation and growth factors (Hickford 
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et al., 2010). MSTN gene was found to be a potential genetic marker after identification of 

polymorphism in exon 1 for goats (An et al., 2012) 

 

Thyroid hormone responsive (THRSP) gene: 

 Expression of many lipogenic genes is controlled by an essential transcription factor that 

is THRSP gene (Towle et al., 1997). THRSP gene had positive effect on growth traits (An et al., 

2012). The mutations along with linkage disequilibrium caused could affect goat growth traits. 

Linkage disequilibrium showed polymorphism with a gene that affected the growth trait variant, 

the separation depending on the labeled allele resulted in a phenotypic difference (Barres et al., 

1994). It was suggested by the results found by physiological and biochemical functions that the 

growth traits in goats were affected by THRSP gene and the mutations (G39294A) found in Intron-

1 of THRSP gene  may serve as a great genetic marker for growth traits in goats (An et al., 2012). 

Leptin (LEP) Gene: 

 Leptin gene considered as best physiological marker for energy expenditure, food intake 

and body weight due to its role in energy metabolism (Houseknecht et al., 1998; Woods et al., 

1998) and in reproduction (Cunninghum et al., 1999;) and certain functions of immune system 

(Lord et al., 1998). 

 In animals and humans adipose tissue leptin mRNA levels and circulating leptin are 

correlated with nutritional status, food intake, body mass and adipose tissue mass (Delavaud et al., 

2002). It was noted that development of new born was affected by leptin but still its role is 

unknown (Dundar et al., 2005). Serum leptin association with body weight was weak, the links 

between child growth and milk leptin was not materialistic. Therefore, further research is required 

to clarify the relationship involving serum leptin and milk in goats, including relationship between 

serum leptin on Body Weight and possible substitution of milk leptin on neonates (Whitley et.al 

2005) 

Pituitary Specific Transcription Factor-1 (POU1F1) Gene: 

 It was noted that POU1F1 gene was positive regulator of TSH, prolactin and mammalian 

growth hormone in goats (Lan et al., 2007).  Genetic variation in flanking and exon region of gene 

was found related with production performance and economic traits of the meat, dairy and 

cashmere industry, carcass, milk and wool, respectively (Li et al., 1990). 
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Table 1: List of Growth affecting genes and their specific effects on traits: 

 

 Genes Technique Used Country Species/Breed Effect on traits References 

GH PCR-RFLP China Boer goat Change in 

protein structure 

leading to rapid 

growth 

An et al. 

(2012) 

LEP GLM ,SAS Columbia Boar goat Increased 

weight gain 

Whitley et 

al. (2005) 

POU1F

1 

PCR-RFLP China Cashmere goat Increased 

weight gain 

Lan et al. 

(2007) 

MSTN  PCR-SSCP China  Boer goat Increased 

weight gain 

An et 

al.(2012) 

THRSP PCR China 1. Xinong 

Saanen goat 

2. Guanzhong 

goat 

3. Boer goat. 

Positive effect 

on weight gain 

An et 

al.(2012) 

Myoge

nin 

(PIRA-PCR) China 1. Bore goat 

2. Tangshan 

dairy goat 

 Increased birth 

weight and 

weaning weight 

Liu et 

al.(2011) 

 

Epigenetic effects on growth of goat: 

These are the factors which effect the growth of goat other than genetic sources. 

The epigenetic factors are: 

Nutrition 
 The suckling kids are greatly reliant on drinking milk to maintain their proper growth rate. 

Early weaning of suckling kids can show reduced growth or give adverse effects on the growth 

pattern of kids lasting for some weeks (Fehr and Sauvant, 1976). Protein showed increased growth 

and improvement of body weight gain in weaned kids when it was given in diet 10.89% to 16.59% 

(Louca and Hancock, 1977) or 11.29 to 20.89% (Ash and Norton, 1987). Higher protein diet intake 

lead to increased growth in kids. Feeding high energy grain diets as compared to pasture-fed. Goats 

fed with high-energy grain diet were observed with greater fat deposition and their growth rate 

was reduced as compared to pasture fed (McGregor, 1985). 

Sex 

 Male kids were found heavier and fast growing as compared to female kids so sex had a 

significant effect on growth traits (Chamberlain et al., 1970). 

 Buck kids were usually born 200-500 g heavier than females depending on breed and matures size 

(Mavrogenis et al., 1984). Buck kids usually showed 10-25% faster growth to weaning as 

compared to doe kids (Mavrogenis et al., 1984; Nicoll, 1985). 

 The growth of bucks was faster than does up to stage of puberty (Louca et al., 1977). Buck 

showed 30% faster growth as compared to does during the post-weaning stage (Mavrogenis et al., 

1984). 
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Feeding high energy diets to weaned buck kids showed 70% faster growth as compared to doe kids 

(Ash and Norton, 1987), Conversion of feed into gain was much efficiently in bucks and does 

weight gain was affected during breeding season so Angora males and does gained 46 kg weight 

and 40 kg weight respectively (Snowder et al., 2002). 

It was noted that improvement in environment affected the performance of male kids (McDonald 

et al., 1970) 

 Analysis of variance showed that the birth age, sex, birth type had effect on the birth weight 

of children, while sex type and the birth type of kid were also significant. The effect of weight and 

age on type (fixation) was not important. Same findings were reported by (Hyder et al., 2001) in 

Teddy breed goats, (Ssewannyana et al., 2004) in Cashmere breed of goat, (Zhang et al., 2008) in 

kids of Boar breed of goat and (Liu et al., 2005) in Angora breed of goats. 

It was found that age, sex and birth type of many goat breeds of Pakistan were significantly affected 

by birth season but showed non-significant effect on weaning weight (Liu et al., 2005; Ali et al., 

2008; Thiruvenkadan et al., 2009). 

Maternal handicaps: 

 Growth performance in goats was also affected by pre-netal and post-netal maternal    

handicaps due to the malnutrition of the dam that lead to poor supply of nutrients to the fetus or 

young kids. Production of twins or triplets also affected the birth weight of kids as single born kids 

were Heavier in weight as compared to twins or triplets. Single birth attained higher body weight 

as compared to twins/triplets (Banerjee and Jana, 2010). 

 Competition for nutrients between kids during pregnancy and then after birth their             

competition for milk during suckling period is one of the reason of reduced growth and poor 

weaning weight. It was noted that birth type brought differences on pre weaning weight and birth 

weight in goat kids (Mavrogenis et al., 1984) for Damascus breed of goat (Wilson, 1987) for Mali 

breed of goat (Ruvuna et al., 1988) for African goats and for different goat breeds in Kenya 

(Mourad and Anous, 1998). 

 The single borne kids were 1.2 kg heavier than multiples due to their competition during 

pregnancy. At weaning stage single born of Angora breed of New Zealand were found 2.4 kg 

weightier than twins/triplets due to competition for milk (Nicoll, 1985).  

Dam age had less influence on birth weights and growth (Warmington et al., 1987). 

The age of the dam had a little effect on weaning weight of New Zealand Angora kids until dam 

reached to 3 years of age (Nicoll, 1985). 

 

Table 2: Effect of birth type on birth weight and weaning weight of Damascus breed of goat: 

Weight 

at: 

Single Twins Triplets Breed Source 

Birth 5.06 kg 4.45 kg 3.89 kg Damascus Mavrogenis 

et al. (1984 Weaning 19.73 kg 17.07 16.27  

 

Summer and winter seasons had no significant effects on the birth weight of kids but winter borne 

kids were found heavier at weaning weight than those born in summer season despite of same 

feeding practices at both seasons for off springs and dam. It was reported that live weight of kids 

was influenced by seasons in many breeds (Gebrelul et al., 1994; Malik et al., 1986;) 



 

6 
 

Long and short rainy/dry days showed effects at the growth rate of goats in Kenya Masailand. 

Optimal growth was noted in goats that were born in short dry seasons leading to long rains 

(Wilson, 1983). 

Goat kids that were born just before or after rainy seasons had good growth (Carles, 1985) 

Management: 

 The effect of management on the growth of goats is rarely considered while it is also the 

cause of variations in the normal growth pattern of goats. Now a days human factor is also studied 

by some researchers and investigators to monitor the production of livestock especially goat. It 

was noted that management affected most traits and this factor was responsible for causing 

variation in goat performance (Wilson et al., 1985). 

CONCLUSION/FEEDBACK: 

It is concluded that for good growth of goat we should choose the best performing parent 

to improve economic efficiency. Of course, most genetic advances in goat economic traits will 

take into account important genes because of the physiological and genetic effects of traits and 

other genes that control these characteristics. For example, GH, MSTN, THRSP, IGF-I, LEP and 

POU1F1 genes are highly influencing the growth traits. Epigenetic factors are also of great 

importance for the growth of goat. Nutrition play a vital role in maintaining optimum growth of 

goat kids, higher protein diets lead to increased body weight of  goat kids while early weaning of 

kids leads to reduced growth of goat kids. 

  Pattern was also influenced or was linked to sex as well. Male kids were born heavier and 

showed accelerated growth in all stages of life as compared to female kids. Male kids have good 

ratio of converting feed into weight gain, does growth performance was also effected due to their 

breeding seasons.  Season of birth had a non-significant effect on weaning weight however the 

birth age, sex and birth type of Pakistani goat breeds were significantly affected.   

 The Physiological condition of dam also affected the kids during pregnancy and also kept 

on affecting their growth after birth as well. Single borne kids showed accelerated growth than the 

twins, triplets or multiples borne kids. Dam age had no significant effects on weaning weight of 

kids but the degree to which weaning weight changes with increasing dam age can depend on 

breed and environment. Variations in the growth of goats is also caused by the humans. 
Management factor was found responsible for variations in growth performance. 
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