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SUMMARY 

 

Traditional progeny testing programs practiced on cattle in the developed countries require a lot of time 

and expense to be practiced for buffalo in the developing countries. Presently, GWAS (genome wide 

association studies) for economic characters in buffalo are still very limited compared to dairy cattle. This 

genomic method makes use of the entire genome to identify the genes associated with economically 

significant traits. The recent availability of medium density SNP platform (90K array) for buffalo facilitated 

the integration of genomic information and the phenotypic data to improve the accuracy of the individual 

buffalo evaluation and to accelerate the genetic improvement program. The present article provides the 

methodology and applications of GWAS in buffalo in terms of: 1) Website searching for candidate genes 

associated with lactation, reproduction, semen, growth and carcass traits, 2) Goals and uses of QTL and 

GWAS approaches, 3) The SNP chips and genetic markers used for GWAS analyses, 4) Genomic databases 

and Software used in GWAS analyses, 5) The methodology to be performed in GWAS analyses, 6) 

Implementing single-step GWAS to analyze GWAS dataset, 7) Reliability of GWAS analyses, 8) The 

advantages of ssGBLUP over classical GWAS, 9) Plotting the Manhattan Figures from GWAS results, 10) 

Putative candidate genes identified by GWAS analyses in the Egyptian buffalo studies, 11) Candidate and 

novel genes identified by GWAS analyses in non-Egyptian buffalo studies, 12) Estimating Genomic Breeding 

Values (GEBV) and Genomic selection (GS), and 13) Highlighted conclusions concerning GWAS.  

 

Keywords: Egyptian buffalo, Genome Wide Association Studies, Candidate genes, Estimated Genomic 
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INTRODUCTION  
 

 The implementation of molecular 

methodologies within genetic improvement 

initiatives for livestock has the potential to decrease 

the expenses associated with breeding programs by 

approximately 92% (Schaeffer, 2006) and to 

augment the rate of genetic advancement twofold 

(De Roos et al., 2011). The most common studies 

concerning the candidate genes associated with 

economic traits in buffalo were performed in China, 

India, Pakistan, Italy, Egypt, Brazil, Iran, and 

Turkiye. In this concept, several GWAS were 

conducted to identify buffalo candidate genes for 

lactation traits (de Camargo et al., 2015; El-

Halawany et al., 2017; Liu et al., 2018; Deng et al., 

2019; Abdel-Shafy et al., 2020a&b; Liu et al.., 

2020; Rehman et al., 2021; Chhotaray et al., 2023, 

and Lázaro et al., 2023). Oppositely, few GWAS on 

buffalo concerning candidate genes were performed 

for reproductive and fertility traits (de Camargo et 

al., 2015; Li et al., 2018; Vohra et al., 2021; Shao 

et al., 2021; Mohammadi et al., 2022, and Rehman 

et al., 2022), for semen traits (EL Nagar et al.,2023) 

and for growth traits (Guzman et al., 2020; Rehman 

et al., 2021, and Khan et al., 2022). The 

Quantitative Trait Loci (QTLs) associated with 

milk production and semen traits in Egyptian 

buffalo were previously identified by microsatellite 

markers or GWAS methodology (El-Halawany et 

al., 2017; Rushdi et al., 2017; Abdel-Shafy et al., 

2020a,b; Awad et al., 2020, and EL Nagar et al., 

2023)  and in Non-Egyptian buffalo(de Camargo et 

al., 2015; Da Costa Barros et al., 2018; Liu et al., 

2018; Herrera et al., 2018; Deng et al., 2019; Lu et 

al., 2020; Vohra et al., 2021, and Lázaro et al., 

2023).  

Egyptian and Italian buffalo are classified as 

Mediterranean river buffalo (Bubalus bubalis), 

possess a total of 50 chromosomes (25 pairs) 

(Minervino et al., 2020). These river buffalo also 

have achieved elevated standards of productivity in 

China and various Southeast Asian nations, because 

of selective breeding practices, while the majority 

of other buffalo breeds are classified as swamp 

types, characterized by having 24 pairs of 

chromosomes, and they exhibit suboptimal milk 

production capabilities (Mishra et al., 2015). In 

Egypt, however, the absence of national recording 

systems and adequate pedigree data make it is 
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difficult to implement conventional breeding 

strategies for improving the Egyptian buffalo 

(Abdel-Shafy et al.,  2020a,b). Such national 

recording system would be difficult to implement 

under the current Egyptian animal farming 

conditions due to that over 85% of the Egyptian 

buffalo population are owned by small holders who 

having small herd sizes. 

Liu et al. (2018) recognized five genes 

(MFSD14A, SLC35A3, PALMD, RGS22, and 

VPS13B) as innovative candidate genes for milk 

production. In recent years, GWAS have emerged 

as a crucial approach for investigating complex 

traits in buffalo and these studies have played 

pivotal roles in sustainable development of buffalo 

production through exploring the genetic diversity, 

detecting the candidate genes and promoting the 

animal genetic improvement and breeding methods 

(Deng et al.,2019; Abdel-Shafy et al., 2020a,b; Liu 

et al., 2020; Pacheco et al.,2020; Rehman et al., 

2021; Shaoet al., 2021; EL Nagar et al.,2023, and  

Lázaro et al., 2023). Thus, understanding the 

genomic architectures for lactation, reproduction, 

semen and growth traits is essential forgenetic 

improvement in buffalo programs (Moaeen-ud Din  

and Bilal, 2016, and EL Nagar et al.,2023). 
 

Website searching for candidate genes associated 

with lactation, reproduction, semen and growth 

traits in buffalo: 
The knowledge in the present article is dealing 

with the identification of candidate genes associated 

with lactation, reproduction, behavior, heat stress, 

semen and growth traits (Mishra et al.,2013, and 

Khalil, 2020). The National Center for 

Biotechnology Information (NCBI) database was 

used to find out the genes closely associated with 

economic traits in buffalo. The candidate genes 

associated significantly with lactation characters are 

summarized for Egyptian (Table 1) and non-

Egyptian (Table 2) buffalo. Several genes 

molecularly associated with milk yields and 

components were detected on chromosomes 

numbers  1, 2, 3, 4, 7, 8, 15, 19 and 20.

 

Table 1. The candidate genes molecularly associated with milk production and composition traits 

detected in Egyptian buffalo 

CN* Candidate gene  N Reference 

1 Pituitary-specific transcription factor-1 (Pit1) 100 Othman et al. (2012) 

2 Prolactin (PRL) 100 Othman et al. (2012) 

200 El-Magd et al. (2015) 

400 El-Komyet al. (2020) 

266 Abd El Fattahet al. (2023) 

3 Growth hormone (GH)  100 Othman et al. (2012)  

400 El-Komyet al. (2020) 

4 Insulin like growth factor 1 (IGF-1) 400 El-Komyet al. (2020)  

99 Ali et al. (2022) 

7 Kappa-Casein gene (CSN) 100 Othman et al. (2012) 

340 Al-Shawa et al. (2019) 

400 El-Komyet al. (2020) 

8 Leptin gene (LEP) 200 Abdo et al. (2014) 

81 Mahrous et al. (2020) 

99 Ali et al. (2022) 

15 Diacylglycerol O-acyltransferase 1 gene 

(DGAT1) 

400 El-Komy et al. (2020) 

19 Growth hormone receptor (GHR)  

Prolactin-like receptor gene (PRLR) 

100 Othman et al. (2012)  

 

400 El-Komy et al. (2020)  

400 El-Magd et al. (2021) 

20 Insulin like growth factor 1 receptor (IGF-1R) 266 Abd El Fattahet al. (2023) 

99 Ali et al. (2022) 
*CN= Chromosome number 
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Table 2. The candidate genes molecularly associated with lactation characters detected in non-

Egyptian buffalo 

CN* Candidate gene  Buffalo breed N Reference  

1 

 

Melatonin receptor 1A 

(MTRN1A) 

Brazilian 140 Machado et al. (2016), Brazil 

Amazon  180 Barbosa et al. (2017), Brazil 

Pituitary-specific 

transcription 

factor-1 (Pit1) 

Murrah    100 Mavi et al. (2017), India 

Khuzestan   60 Ahmadzadeh et al. (2019), Iran 

Anatolian   35 Toparslanet al. (2019), Turkey 

2 Prolactin (PRL) Indian   96 Ladani et al. (2003), India 

Indian 50 Madnalwaret al. (2010), India 

Italian 

Mediterranean   

462 Li et al. (2017), China 

50 Madnalwaret al (2010), Italy 

Murrah    100 Mavi et al. (2017), India  

Anatolian  126 Konca and Akyüz. (2017), Turkey 

Anatolian 129 Özşensoy (2018), Turkey 

Anatolian  35 Toparslan et al., (2019), Turkey 

3 

 

Adrenoceptor alpha 1A 

(ADRAIA) 

Brazilian   220 Araújo et al. (2015), Brazil 

Fatty acid synthase (FASN)  Murrah   162 Kumar et al. (2017), India 

Growth hormone (GH) Khuzestan   60 Ahmadzadeh et al. (2019),  Iran 

4 

 

Alpha-2-macroglobulin 

(A2M) 

Murrah   36 Freitas et al. (2016), Brazil 

Murrah 36 Ramesha et al.  (2015), India 

Surti 36 Ramesha et al.  (2015), India 

6 Casein alpha S2 (CSNS2) Bhadawari NA Misra et al. (2008), India 

Murrah NA Misra et al. (2008), India 

Mehsana NA Misra et al. (2008), India 

Surti NA Misra et al. (2008), India 

7 Kappa-casein N3 (CSN3)  

 

Murrah    115 Otaviano et al. (2005) , Brazil 

Khuzestan 60 Ahmadzadeh et al. (2019), Iran 

Anatolian 35 Toparslan et al., (2019), Turkey 

Peroxisome proliferator-

activated receptor gamma 

coactivator 1-alpha 

(PPARGC1A) 

Italian 

Mediterranean   

NA Hosseini et al. (2021), China  

Murrah  60 Sihag et al. (2023), India 

Bhadawari 40 Sihag et al. (2023), India 

8 Insulin-like growth factor 

binding protein-3 (IGFBP-3) 

Murrah   36 Ramesha et al. (2015), India 

Surti 36 Ramesha et al. (2015), India 

Leptin gene (LEP) Mehsana 154 Tanpure et al. (2012), India 

Marathwada 30 Tanpure et al. (2012), India 

Chilika 24 Tanpure et al. (2012), India 

Jaffarabadi 19 Tanpure et al. (2012), India 

Murrah 15 Tanpure et al. (2012), India 

Nili-Ravi 15 Tanpure et al. (2012), India 

Toda 15 Tanpure et al. (2012), India 

Pandharpuri 15 Tanpureet al. (2012), India 

Nagpuri 14 Tanpure et al. (2012), India 

Brazilian   174 Zetouni et al. (2013), Brazil 

Murrah   154 Jamuna et al. (2016), India 

Anatolian  54 Kaplan (2018), Turkey 

Murrah, 

Mediterranean   

69 Silva et al. (2021), Brazil  

14 Oxytocin/neurophysin I 

(OXT) 

Mediterranean 

Italian   

322 Pauciulloet al. (2012a), Italy 

Brazilian   220 Araújo et al. (2015), Brazil 

Growth hormone releasing 

hormone (GHRH) 

Khuzestan   60 Ahmadzadeh et al. (2019), Iran 
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Table 2. Cont. 
 

CN* Candidate gene  Buffalo breed N Reference  

15 Diacylglycerol O-

acyltransferase 1 (DGAT1) 

Chinese     117 Yuan et al. (2007), China  

Anatolian   41 Özdil and İlhan (2012), Turkey 

Mazandaran,   25 Heydarian et al. (2014), Iran 

Khuzestan, 52 Heydarian et al. (2014), Iran 

Guilan, 25 Heydarian et al. (2014), Iran 

Azerbayjan 119 Heydarian et al. (2014), Iran 

Kermanshah   19 Heydarian et al. (2014), Iran 

Mehsana   130 Parikh et al. (2016), India 

Italian 462 Li et al. (2018), China 

Murrah   110 Sulabh et al. (2018), India 

Iraqi   60 Kadhim and Ibrahim (2019), Iraq 

Murrah   157 Krovvidi et al. (2021), India  

Mediterranean 31 Khan et al. (2021), India 

19 Casein alpha S1 (CSNS1) Bhadawari NA Misra et al. (2008), India  

 Murrah NA Misra et al. (2008), India  

 Mehsana NA Misra et al. (2008), India  

 Surti   NA Misra et al. (2008), India  

Growthhormone receptor 

(GHR)  

 

Murrah 36 Ramesha et al.  (2015), India 

Surti 36 Ramesha et al.  (2015), India 

Anatolian   329 Erdoğan et al. (2021), Turkey 

Prolactin-like receptor 

(PRLR) 

Murrah   32 Al-Kal et al. (2018), China 

Nili-Ravi 31 Al-Kal et al. (2018), China 

Jaffarabadi 50 Devkatte et al. (2021), India 

Surti 50 Devkatte et al. (2021), India 

21 Oxytocin receptor (OXTR) Italian 

Mediterranean   

306 Cosenza et al. (2017), Italy 

Ghrelin (GHRL) Brazilian   240 Gil et al. (2013), Brazil 

Lactoferrin (LTF) Italian 

Mediterranean   

322 Pauciullo et al. (2015), Italy 

22 Melanocortin 4 receptor 

(MC4R) 

Chinese   332 Deng et al. (2016), China 

Murrah   174 Singh et al. (2019), India 

Stearoyl-CoA desaturase 

(SCD)  

Italian 

Mediterranean   

322 Pauciullo et al. (2012b), Italy 

Murrah, 

Mediterranean   

69 Silva et al. (2021), Brazil  

*CN= Chromosome number, NA= Not Available 
 

The candidate genes associated significantly 

with reproduction traits of Egyptian and non-

Egyptian buffalo are presented in Table 3. Several 

genes molecularly associated with reproductive 

traits such as stillbirth, calving ease, gestation 

length, postpartum interval to pregnancy, calving 

interval, and age at first calving (de Araujo Neto, 

2020, and Abd ElFattah et al., 2023) were detected 

on chromosomes number 1, 2, 4, 12, 14, 19 and 22.  

Low heritability estimates for semen traits in 

buffalo made it difficult to perform traditional 

direct selection for most of the reproductive traits. 

Several studies on cattle semen (Mishra et al., 

2013; Suchocki and Szyda, 2015; Qin et al., 2016; 

Yin et al., 2019; Pacheco et al., 2020; Butler et al., 

2022; Modiba et al., 2022; Abril-Parreño, et al., 

2023, and Ramirez-Diaz et al., 2023) but rare studies 

on buffalo (Khan et al., 2022, and EL Nagar et al., 

2023) have been identified for the genes and 

genetic markers associated with semen 

specifications. Therefore, it seems to be very 

important to identify the whole bunch of genes that 

are associated with semen quality traits to enable 

selecting the buffalo bulls excellent for sperms 

quality traits. In GWAS analyses, several candidate 

genes such as GDF9, FSHB, GNRHR, LHCGR, 

INHA, PRL, BMP15, TNP2, CFTR, IGF1R, 

CATSPER1, CAPN1 and KATNA1 have been 

identified to impact sperm characteristics and 

function ability (Qin et al.,2016). During the last 

decade, few studies have shown significant 

associations of certain candidate genes with semen 

traits in Chinese Holstein bulls (Qin et al., 2016) 

and in buffalo (Table 4). 
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Table 3. The candidate genes molecularly associated with reproductive traits as cited in buffalo literature 

CN* Candidate gene  N Buffalo breed Reference  

1 

 

Melatonin receptor 1A 

(MTRN1A) 

167 Brazilian  Zetouni et al. (2014), Brazil 

2 Prolactin (PRL)  266 Egyptian   Abd El Fattah et al. (2023), Egypt  

50 Indian Madnalwar et al. (2010), India 

12 

 

Follicle-stimulating 

hormone receptor (FSHR) 

100 Egyptian   Othman and Abd-el Samad (2013), 

Egypt 

150 Egyptian   Sosa et al. (2015), Egypt 

60 Egyptian   ShafiKet al. (2017), Egypt 

203 Murrah   Kathiravan et al. (2019), India 

50 Egyptian   Ramadan et al. (2020), Egypt 

243 Egyptian   Fouda et al. (2021), Egypt  

50 Egyptian   Sallam et al. (2022), Egypt 

90 Egyptian   Wagdy et al. (2023), Egypt 

Luteinizing hormone 

receptor (LHR)  

100 Egyptian   Othman and Abd-el Samad (2013), 

Egypt 

301 Egyptian   Sosa et al. (2016), Egypt 

Estrogen receptor-α (ERα) 100 Egyptian   Othman and Abd-el Samad (2013), 

Egypt 

19 Prolactin-like receptor 

(PRLR) 

266 Egyptian   Abd El Fattah et al. (2023), Egypt  

22  Lactoferrin (LTF) 400 Egyptian   El-Magd et al. (2021), Egypt 

150 Egyptian   El-Debaky et al. (2020), Egypt 
*CN= Chromosome number 
 

Table 4. The candidate genes molecularly associated with semen traits as cited in buffalo literature 

CN* Candidate gene  N Buffalo breed Reference 

1 Pituitary-specific transcription factor 1 

(PIT-1) 

60 Egyptian    Hasanain et al. (2016), Egypt;  

35 Anatolian  Toparslan et al. (2019), Turkey 

Sperm associated antigen 11B 

(SPAG11B) 

130 Murrah    Deshmukh et al. (2021), India 

2 

 

Transition nuclear protein-1 (TNP-1)  60 Murrah    Panigrahi and Yadav (2010), India 

Capping actin protein Z-line beta 

subunit (CAPZB) 

10 Murrah    Xiong et al. (2018), China  

Heat shock protein70 (HSP70) 37 Egyptian    Gafer et al. (2015), Egypt  

Prolactin (PRL)  60 Egyptian    Hasanain et al. (2017), Egypt 

3 

 

 

Growthhormone (GH)  NA Egyptian    Darwish et al. (2016), Egypt 

Prohibitin (PHB) 10 Murrah    Xiong et al. (2018), China  

Aquaporin 7 (AQP7)  21 Murrah   Kumari et al. (2018a), India 

69 Murrah   Kumari et al. (2018b), India 

69 Surti   Kumari et al. (2018c), India 

Gonadotropin-releasing hormone 

(GnRH)   

NA Chinese  Wang et al. (2020), China 

6 Tektin-2 (TEKT2) 10 Murrah    Xiong et al. (2018), China  

7 Gonadotropin releasing hormone 

receptor (GnRHR) 

60 Chinese  Wang et al. (2017), China  

50 Egyptian   Mahmoud et al. (2021), Egypt  

11 AT-rich interaction domain 4A 

(ARID4A) 

156 Chinese  Lu et al. (2022), China 

12 Luteinizing hormone receptor (LHR) NA Murrah    Reen et al. (2018), India 

16 Ubiquilin-3 115 Egyptian    EL Nagar et al. (2023), Egypt 

17 Inhibit alpha (INHA) 103 Murrah    Chandra et al. (2020), India. 

18 Luteinizing hormone beta (LHβ) NA Murrah    Reen et al. (2018), India 

X Melanoma-associated antigen D2, 

Cancer/testis antigen 47A-like, Actin-

related protein T1, 

Sodium/hydrogen exchanger 2-like. 

115 Egyptian    

 

EL Nagar et al. (2023), Egypt 

*CN= Chromosome number, NA= Not Available 

 

Strong associations of some candidate genes 

with body weights and gains and carcass and meat  

 

composition traits were reported in several buffalo 

studies (Table 5). Such candidate genes along with 
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those listed in GWAS analyses (Guzman et al., 

2020; Pagala et al., 2020, and Khan et al., 2022) 

were significantly associated with growth and 

carcass traits in buffalo.  
 

Table 5.  The candidate genes molecularly associated with growth, carcass and meat composition traits 

listed in buffalo literature 

CN* Candidate gene  N Buffalo breed Reference 

1 Pituitary-specific transcription 

factor-1 (Pit1)  

100 Egyptian    Othman et al. (2012), Egypt 

60 Khuzestan Ahmadzadeh et al. (2019), Iran 

2 Prolactin (PRL)  266 Egyptian   Abd El Fattah et al. (2023), Egypt  

Myostatin (MSTN)  NA Murrah    Páez et al. (2021), Colombia 

3 

 

 

Growth hormone (GH)  

 

452 Indonesian   Andreas et al. (2010), Indonesia 

126 Anatolian  Konca and Akyüz. (2017), Turkey 

60 Khuzestan  Ahmadzadeh et al. (2019), Iran 

45 Simeulue   Eriani et al. (2019), Indonesia 

150 Anatolian  Özkan et al. (2020), Turkey 

 58 Swamp   Nafiu et al. (2020), Indonesia 

7 Kappa-Casein N3 (KCN3) 60 Khuzestan  Ahmadzadeh et al. (2019), Iran 

8 Leptin (LEP) 100 Egyptian   Othman et al. (2011), Egypt 

54 Anatolian Kaplan (2018), Turkey 

10 Insulin-like growth factor 2 

receptor (IGF2R) 

200 Egyptian   El-Magd et al. (2014), Egypt 

Insulin-like growth factor 1 

receptor (IGF1R) 

200 Egyptian   El-Magd et al. (2013), Egypt 

200 Egyptian El-Magd et al. (2017), Egypt 

14 Growth hormone releasing 

hormone (GHRH) 

36 Murrah    Ramesha et al. (2015), India 

126 Anatolian Konca and Akyüz. (2017), Turkey 

60 Khuzestan Ahmadzadeh et al. (2019), Iran 

 58 Swamp   Nafiu et al. (2020), Indonesia 

17 Inhibin-βA (INHβA)  NA Philippine Babera et al. (2022), Philippine 

19 Growthhormone receptor 

(GHR)  

452 Indonesian   Andreas et al. (2010), Indonesia 

329 Anatolian   Erdoğan et al. (2021), Turkey 

Prolactin-like receptor (PRLR) 400 Egyptian   El-Magd et al. (2021), Egypt 

  266 Egyptian Abd El Fattah et al. (2023), Egypt 

*CN= Chromosome number, NA= Not Available 
 

Goals and uses of QTL and GWAS approaches in 

buffalo: 

In the last few decades, the chromosomal 

regions of genes affecting production and fitness 

traits in buffalo were mapped using linkage analysis 

and linkage disequilibrium (LD) between markers 

and QTLs. The accuracies of buffalo genomic 

investigations are compromised if the existing 

genetic reference map is not used properly (Amaral 

et al., 2008; Venturini et al., 2014; Abdel-Shafy et 

al., 2020a, and EL Nagar et al., 2023). Wu et al. 

(2013) revealed that out of 935 SNPs linked to 

buffalo milk performance only, seven were spotted 

using the SNP50 Bead Chip (Illumina Inc., San 

Diego, CA). At that time, QTL mapping was 

largely based on microsatellite markers (Liuet al., 

2018). Rushdi et al. (2017) illustrated that QTL 

using microsatellite marker scan be utilized to 

identify the candidate genes underlying milk 

production traits in buffalo. Although microsatellite 

markers, as used by Rushdi et al. (2017), 

contributed valuable information, their limited 

density and genome coverage restrict their 

effectiveness in identifying candidate genes for 

complex traits. In contrast, current genomic 

approaches such as SNP arrays and next-generation 

sequencing technologies offer higher resolution and 

more reliable frameworks for gene and QTL 

detection and identifying the markers, genomic 

regions and candidate genes associated with several 

economically important traits across the entire 

genome in buffalo, e.g. lactation, reproductive, 

semen, carcass, meat composition and growth traits 

(Abdel-Shafy et al., 2020a; EL Nagar et al.,2023; 

Lázaro et al., 2023, and Ren et al., 2024).  

With the completion of buffalo genome 

sequencing project (Yates et al., 2020) and the 

advancement in genotyping technologies in buffalo 

(Lázaro et al., 2023), GWAS was rarely used in the 

detection of the genetic variants that affect milk 

production and various quantitative traits. GWAS in 

buffalo has gained popularity in mapping QTL for 

the economically important traits like calving ease, 

milk yield, fat and protein percentage, fertility 

traits, meat quality and quantity, sensory panel 

evaluation… etc. Accordingly, GWAS proved to be 

an ideal method to identify genes associated with 

various phenotypes and to elucidate the 

mechanisms of the complex traits in buffalo 

(Sharma et al., 2015). In practice, GWAS possess 

some powerful statistical-genetic tools that aid 

buffalo genomic studies, and it was successfully 

employed to identify the promising candidate genes 

for key traits in buffalo (Lázaro et al., 
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2023).Currently, GWAS approach has gained 

popularity in identifying the genes associated with 

various complex traits in buffalo (Sharma et al., 

2015, and Abdel-Shafy  et al., 2020a), It has 

significant advancements in genetic research and 

breeding practices (Tan et al., 2023).GWAS is an 

effective alternative approach to find genomic 

regions associated with economic characters and to 

integrate all phenotypes from genotyped and non-

genotyped animals and pedigree information in a 

Single-Step of Genomic Best Linear Unbiased 

Prediction framework (ssGBLUP) (Aguilar et al., 

2019, and Misztal et al.,2018). The genomic 

estimated breeding values (GEBVs) are 

transformed into marker effects and marker weights 

using the ssGBLUP. The solutions of mixed model 

equations are then updated iteratively (Misztal et 

al., 2018). The main goals and uses for GWAS as 

cited in buffalo literature are summarized as: 1) 

Determining the connection between the characters 

of interest and particular molecular markers (SNPs 

or genomic areas) (Seidel, 2009, and Lu et al, 

2011), 2) Pinpointing the genetic loci having 

molecular associations with economic traits, 3) 

Providing the breeding and stakeholders with 

selection tools to enhance the economic buffalo 

traits such as lactation, growth, reproduction, and 

meat quality (Suchocki and Szyda, 2015; Abdel-

Shafyet al., 2020a; EL Nagar et al., 2023; Lázaro et 

al., 2023, and Ren et al., 2024), 4) Enabling rapid 

advancements in genotyping of bovine animals 

using the technique of SNP (Lu et al, 2011; Liu et 

al., 2018, and Vohra et al.,2021), 5) Identifying the 

genetic makeup of complex features and the 

relationships between genotype and phenotype in a 

variety of buffalo breeds (Lázaro et al., 2023), 6) 

Contributing in gene editing and functional biology 

(Lu et al., 2020), 7) Improving the efficiency of 

genomic selection (Hayes et al, 2009; Van der 

Werf, 2013; Liu et al., 2018; Cesarani et al.,  

2021a,b, and Tan et al.,2023), 8) Highlighting the 

details of disease susceptibilities and the genetic 

architecture of complex traits (Zhang et al., 2015), 

9) Focusing comprehensively on surveys of variants 

across the genome to identify the genes associated 

with a certain phenotype in buffalo (Sharma et al., 

2015, and Lázaro et al., 2023), 11) Integrating the 

phenotypes with genotypes through using pedigree 

and genomic information in framework of 

ssGBLUP (Misztal et al.,2018; Yin et al., 2019, and 

Ma et al.,2023), 12) Facilitating precisely the 

identification of QTL by examining the associations 

between genetic markers and the phenotypic values 

of the individuals, leading to the succession of the 

breeding programs in buffalo. 
 

SNP chips and genetic markers used for GWAS 

analyses in buffalo: 

Since 2006, high-density SNP panels have been 

used in livestock genomics, and they have been 

shown to carry out and greatly improve genomic 

selection in dairy cows (Hayes et al., 2009; Seidel, 

2009; Lu et al., 2011; Penagaricano et al., 2012; 

Segura et al., 2012; Van der Werf, 2013, and Abril-

Parreño et al., 2023). Later, Illumina, Neogen 

(previously Geneseek), and Affymetrix produced 

commercial SNP arrays, each of which provided 

platforms of genotyping SNPs at different densities 

(Borquiset al., 2014). Since cattle and buffalo share 

chromosomes, the bovine SNP chip has been used 

in GWAS to study the genomics of buffalo milk 

production traits (Wu et al., 2013; Venturini et al., 

2014; de Camargo et al., 2015; Cesarani et al., 

2021a,b, and Abril-Parreño et al., 2023). For the 

first time, Wu et al. (2013) identified seven SNPs 

associated with milk yield in buffalo populations by 

using a bovine SNP chip (Illumina Bovine SNP 50 

Bead Chip). Then, Venturini et al. (2014) applying 

a high-density bovine SNP chip on Brazilian 

buffalo (777 k SNPs, Illumina Infinium Bovine HD 

Bead Chip) reported that only two SNPs on 

chromosomes 15 and 20 were confirmed to have 

significant association with milk yield. In the last 

few years, Affymetrix (Axiom Buffalo Genotyping 

Array 90 K) was released as a commercial buffalo 

SNP chip and therefore, the SNP markers were used 

in GWAS analysis (Du et al., 2019, and Abril-

Parreño et al.,2023). According to the buffalo SNP 

array, 78 SNPs have a significant impact on the 

production and content of milk in buffalo 

(Iamartino et al., 2013; de Camargo et al., 2015, 

and El-Halawany et al., 2017). Using GWAS, it 

was discovered that several genetic areas on 

chromosomes 1, 5, and 6 are linked to daily milk 

production in Egyptian buffalo (El-Halawany et al., 

2017). According to Tan et al. (2023), genomic 

selection (GS) uses two procedures to find the 

genetic markers underpinning complex traits: 
1) Single-step genomic best linear unbiased 

prediction (ss-GBLUP) is the basis for single-step 

GWAS. According to several models, including 

animal models with a single or multiple trait(s), 

this approach is the most popular for estimating the 

impact of a SNP on individuals with or without 

phenotypic values (Yin et al., 2019, and Ma et al., 

2023). 

2) The BLUP genetic architecture (BLUP|GA). 

Using this approach, the weighted sum genetic 

architecture matrix (GA), a genomic relatedness 

matrix, and covariance matrix data are combined. 

According to Zhang et al. (2015), the GA matrix is 

computed using the prior data for unique traits that 

GWAS has collected. 
 

Software used in GWAS analyses: 

Many free software tools are available for 

GWAS analysis, such as Gen A Map (http://cogito-

b.ml.cmu.edu/genamap),.R.GenABEL.(https://cran.

rـproject.org/src/contrib/Archive/GenABEL,.Aulche

nko et al., 2007), and PLINK 

(http://pngu.mgh.harvard.edu/purcell/plink, Purcell 

et al., 2007). These technologies are crucial for 

http://cogito-b.ml.cmu.edu/genamap
http://cogito-b.ml.cmu.edu/genamap
https://cran.rـproject.org/src/contrib/Archive/GenABEL
https://cran.rـproject.org/src/contrib/Archive/GenABEL
http://pngu.mgh.harvard.edu/purcell/plink


212      Khalil and EL Nagar 

 

structured association mapping, linkage 

disequilibrium (LD), and quality control 

stratification (Hayes et al., 2003). Additionally, 

population stratification is done using GEMMA 

(Genome-wide Efficient Mixed Model Association) 

for association mapping, heritability estimate, and 

identical by descent (IBD) analysis 

http://www.xzlab.org/software.html. By using data 

conditioning, variance estimation techniques, and 

SNP data to improve accuracy of breeding value 

estimation, BLUPF90 makes GWAS methodology 

easier.to.handle.(http://nce.ads.uga.edu/wiki/doku.p

hp?id=documentation). 
 

The methodology to be performed in GWAS 

analyses for buffalo: 

GWAS analysis is executed according to the 

following steps: 

(1) As starting point, the Expected Breeding Values 

(EBV) are to be estimated for the animals using 

their phenotypic data set and the complete 

pedigree using univariate animal model of 

BLUPF90 software (Misztal et al., 2018). The 

applied univariate animal model to be used is:  

 
Where b represents the vector of all fixed effects, 

incorporating the effects of parity and test day 

order, the combined effect of herd, year and season 

of calving, linear regressions of age at calving and 

days in milk, vectors of α and p represent random 

additive genetic and permanent environmental 

effects, respectively, whereas e denotes the vector 

of random residuals. X, Za, and Zp = incidence 

matrices relate to fixed effects, random animal 

effects, and random permanent environmental 

effects, respectively. 

(2) RENUMF90 program will be employed to 

sequentially renumber the animals.  

(3) The methodological procedures necessary for 

the successful execution of a GWAS experiment 

are depicted in Figure 1. 

(4) It is crucial to choose the population of interest 

in the first stage of GWAS, accounting for the 

ideal number of individuals to minimize the 

negative impacts on the study's accuracy and 

predictive capacity. Between 100 and 500 

people can be included in GWAS sample sizes 

(Tam et al., 2019; Long et al., 2024).  

(5) In the subsequent phase, it is imperative to 

identify the associations between genotype 

and phenotype, necessitating that all 

individuals subjected to genotyping undergo 

phenotyping for particular traits that 

correspond with the objectives of the study 

(Tam et al., 2019).  

(6) In this step, the whole blood samples are to be 

collected aseptically from the jugular vein of 

buffalo cows and bulls for the genomic DNA 

extraction employing the conventional phenol-

chloroform extraction procedure and the ethanol 

precipitation techniques (Sambrook et al.,1989).  

(7) The extracted DNA is used to genotype buffalo 

animals.using.90K..array.(http://www..lgscr.it/E

NG/index.html) and the SNPs contained in this 

chip are based on buffalo sequencing data 

(Iamartino et al., 2013). Numerous buffalo 

species have been utilized in GWAS, including 

the Brazilian buffalo (de Camargo and et al., 

2015), the Egyptian buffalo (El-Halawany et al., 

2017), and the Italian Mediterranean buffalo 

(Iamartino et al., 2013). The initial number of 

SNPs is determined and distributed across the 

24 autosomes and X-chromosome. 

(8) Before starting GWAS analysis in the third 

stage, it is crucial to assess the population 

structure (Marees et al., 2018). The statistical 

connections between phenotypic characteristics 

and genetic markers are usually the main focus 

of GWAS procedure. Genotyping using the 

technique of SNP has been used in buffalo (Liu 

et al.,2018, and Vohra et al.,2021).  

(9) In the fourth phase, DNA molecular markers 

must be used to genotype the same group of 

phenotyped individuals.  A quality control 

process is performed after genotyping to lessen 

the likelihood of discovering false positive or 

false negative associations. However, quality 

management of GWAS data requires at least 

three essential processes for each marker: a) 

Identifying the SNPs with a high number of 

missing genotypes by removing those with a 

low genotype call rate (the call rate is the 

percentage of study individuals for whom 

information are on a certain SNP, b) Finding 

and eliminating markers with extremely low 

minor allele frequencies (MAFs) suggests that 

there is insufficient statistical power to find 

meaningful relationships with the studied traits, 

c) SNPs that deviate significantly from Hardy-

Weinberg equilibrium (HWE) are eliminated. 

To achieve a genotyping rate of 0.99, quality 

control is carried out using AffyPipe (Nicolazzi 

et al., 2014) and PLINK V 1.9 (Purcell et al., 

2007, and Chang et al., 2015). 

(10) After data filtration, the dataset involving the 

genotyped animals are used in genomic 

evaluations of the animals (Misztal et al., 

2018).  

(11) To assess the relevance of all available fixed 

factors and the animals’ genetic evaluations, the 

mixed model approach included into the R 

software is used, taking into consideration the 

following parameters, model, and markers. 

(Luke, 2017):  

a) Using their phenotypic data and the whole 

pedigree information, estimated breeding values 

(EBV), b) BLUPF90 software with a univariate 

animal model (Misztal et al., 2018), c) SNPs 

http://www.xzlab.org/software.html
http://nce.ads.uga.edu/wiki/doku.php?id=documentation
http://nce.ads.uga.edu/wiki/doku.php?id=documentation
http://www.lgscr.it/ENG/index.html
http://www.lgscr.it/ENG/index.html
http://www.lgscr.it/ENG/index.html
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with low minor allele frequencies (MAF<0.05), 

ambiguous physical locations, or missing 

genotypes per SNP (GENO>0.10) are excluded 

from the genomic research and d) Markers 

significantly (P<0.001) deviated from Hardy-

Weinberg proportion are eliminated.  

(12) Utilizing the linear regression model included 

into the PLINK software, GWAS is carried out 

in the fifth phase (Purcell et al., 2007). To 

regress the average daily deviations on the 

number of copies of the alleles, the PLINK–

linear option will be employed as a covariate. 

The genome-wide complex trait analysis 

(GCTA) software version 1.25.3 will be used to 

determine the heritability of the average yield 

deviation (Yang et al., 2011). To get a list of 

previously reported QTL for the traits under 

study, visit animal QTLdb, release 30 (Hu et al., 

2016; http://www.animalgenome.org/QTLdb). 

(13) The sixth phase involves the annotation of 

the buffalo genome, biological processes, 

pathways, and functional study of the potential 

genes for economic traits (Deng et al., 2019; Liu 

et al., 2020; Pacheco et al., 2020; Rehman et al., 

2021; Shao et al., 2021; Vohra et al., 2021, and 

Lázaro et al., 2023).  

(14) In the seventh step, estimating the linkage 

disequilibrium (LD) across the genome (Hayes 

et al., 2003, and Lu et al., 2020). Following the 

selection of the GWAS model, phenotypic and 

genotypic data may be analysed using the tools 

listed in this article to determine which alleles 

are linked to certain characteristics. 

(15) Based on their genomic estimated breeding 

values (GEBV), the top buffaloes and bulls are 

selected in the eighth stage to be the parents of 

the upcoming generations (genomic selection). 

The GEBV will be calculated as the total effect 

of dense genetic markers across the entire 

genome. The QTL effects are estimated to be 

using phenotypic data from a large reference 

population. 

(16) Displaying the GWAS findings and showing 

them in a Manhattan or QQ plot is the last step.  

The Bonferroni correction or the false discovery 

rates (FDR) are frequently used to illustrate the 

importance of markers (Kaler and Purcell, 

2019). In addition to the tables that provide 

significant SNPs, minor allele frequency, 

sample size and the percentage of phenotypic 

variation attributable to the markers (R2), 

Manhattan plots are frequently used to illustrate 

GWAS results. 
 

Implementing single-step genome-wide 

association study (ss-GWAS):  

Few genetic study approaches have been 

evaluated for assessing buffaloes for lactation, 

reproduction, growth, carcass, and semen traits. 

Wang et al. (2012) introduced previously a novel 

method called Single-Step Genomic Best Linear 

Unbiased Prediction (ssGBLUP). This approach 

provides clear benefit and accuracy over typical 

GWAS in the simultaneous calculation of breeding 

values for both genotyped and non-genotyped 

animals by integrating genomic, pedigree, and 

phenotypic data into a single model. This, in turn, 

may increase the precision of predicting the animal 

genetic merit (Aguilar et al., 2010, 2019). These 

input files are then used with GIBBS1F90, 

POSTGIBBSF90, BLUPF90, PREGSF90, and 

POSTGSF90 softwares to estimate variance 

components and conduct the ssGWAS analysis 

(Wang et al., 2012; Aguilar et al., 2019). The 

univariate animal model as defined before in this 

article will be applied using the inverse of 

numerator relationship matrix based on pedigree 

information (A-1) and the inverse of genomic 

relationship matrix (G-1) according to VanRaden 

(2008). In order to update the ssGBLUP solutions, 

the GEBVs obtained from ssGBLUP are 

transformed into marker effects and used in an 

iterative procedure (Wang et al., 2012, and EL 

Nagar et al., 2023). 
 

Reliability of GWAS analyses: 

The pedigree information, phenotypic data and 

the traditional estimated breeding values (EBV) 

must all be used to evaluate the reliabilities of 

GWAS analysis. The prediction accuracy will be 

used to assess both the GEBV's dependability and 

the correlation between EBV and GEBV (Moser et 

al., 2009, and Zhang et al., 2010). Liu et al. (2018) 

stated that the locations and markers impacting 

buffalo milk performance can be extrapolated to 

other populations. The accuracy of GEBV may be 

assessed by the degree of correlation between GEBV 

and EBV, which varied from 0.23 to 0.35 in the 

validation set (Gondro et al., 2013).  Generally, the 

reliability of GWAS could be improved in the 

following cases: 1) Adding more SNPs and 

expanding the population size (Goddard and Hayes, 

2009; Zhang et al., 2010, and Lu et al., 2011), 2) The 

prediction accuracy is assessed using the correlation 

between EBV and GEBV and the dependability of 

GEBV(Moser et al.,2009, and Zhang et al., 2015), 3) 

The accuracy of genomic prediction may be 

improved by using more accessible phenotypes, 

genotypes, pedigree information, and genomic 

information in data sets(Pryce et al., 2012), 4) 

Applying LR software (Legarra and Reverter, 2018) 

could improve the prediction accuracy and bias in 

GWAS, 5) Given that characteristics with higher 

heritability showed better GEBV reliability, using 

the trait's heritability might affect the accuracy of 

genomic predictions (Hayes et al.,2009, and Zhang 

et al., 2015), 6) Using ssGBLUP could be associated  

with an increase in prediction accuracy in buffalo,  

i.e. the accuracies in ssGBLUP were higher (0.75 ± 

0.03) compared to the accuracies in classical BLUP 

(0.57 ± 0.03) (Cesarani et al., 2021a,b). 

 

http://www.animalgenome.org/QTLdb
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Figure 1. Flowchart illustrates the necessary procedures for carrying out a successful GWAS experiment on farm 

animals. (Source: Tan et al., 2023, Animal Research and One Health, 1 (1), 56–77. 

https://doi.org/10.1002/aro2.14; Long et al., 2024); Animals 14 (15), 2181;  https://doi.org/10.3390/ani14152181). 
 

 
 

The advantages of ssGBLUP over classical 

GWAS:  

For milk, fat, and protein yields of the Italian 

Mediterranean buffalo, variance components, 

heritabilities, breeding values, BLUP and ssGBLUP 

were estimated. Model validation was then carried 

out to assess the prediction accuracy and biasness 

(Cesarani et al., 2021a,b). Also, LR method was 

applied (Legarra and Reverter, 2018) in terms of 

correlation, accuracy, and bias statistics. As stated 

by Misztal et al. (2009), Yin et al. (2019), and Ma 

et al. (2023), the advantages of ssGBLUP relative 

to the classical GWAS could be summarized as 

follows:1) ssGBLUP utilizes any phenotypic data 

for which marker effects or pedigree information is 

known, 2) It is applicable to any model, In 

comparison to pedigree-BLUP or GBLUP, it 

improves the accuracy of genomic evaluation  

(Onogi et al., 2015; Matilainen et al., 2016), 3) It 

may be applied to complicated datasets that contain 

both genotyped and non-genotyped animals 

(Aguilar et al., 2019),4) A combined relationship 

matrix (H) is created by joining the genomic 

relationships matrix (G) and the population-based 

pedigree connection matrix (A). 5) This includes 

the ability to analyze numerous attributes and 

sophisticated models without the need for post-

analysis processing (Koivula et al., 2015, and Wang 

et al., 2014), 6) It is an effective technique for 

pinpointing the genetic regions in charge of certain 

traits, and 7) It enables one-step genomic selection. 
 

Plotting the Manhattan Plots from GWAS results: 

As stated before, the National Centre for 

Biotechnology Information database (NCBI) will be 

used to search for the genes closely associated with 

production, reproduction and growth traits. It is 

preferable to show the results of GWAS using 

Manhattan plotting which will be obtained using R 

software (ver. 3.2.2, R Development core Team, 

2013). R program is a compiled C or FORTRAN 

computer language program. It has become 

statistical programming language, and it is arguably 

the most widely used program for analysis of high-

throughput genomic data. Additionally, GWAS 

https://doi.org/10.3390/ani14152181
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could be analyzed using PLINK software. For test-

day yields of milk, fat, and protein as well as sperm 

concentration, Figures 2, 3, and 4 show some 

instances of Manhattan plots for additive genetic 

variance in Egyptian buffalo explained by SNPs 

(Abdel-Shafy et al., 2020a, and EL Nagar et al., 

2023, 2025). 

 

 
Figure 2. Manhattan plot illustrates how each of the 30 neighboring SNPs contributes to the daily milk 

yield of Egyptian buffalo. (Source: Abdel-Shafy et al.,2020a, Livestock Science 234, 103977). 

 

 
Figure 3. Manhattan plot uses both pedigree and genomic data to display the additive genetic variance 

explained by each of the 30 neighboring SNPs for test-day milk yield (TDMY) in Egyptian buffalo. (Source: 

EL Nagar et al., 2025, under publication). 
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Figure 4.Manhattan plotting for sperm concentration in Egyptian buffalo bulls illustrates the additive genetic 

variance explained by each of the 30 neighbouring SNPs. (Source: ELNagar et al.,  2023,Animals, 13, 3758. 

https://doi.org/10.3390/ani13243758). 
 

Putative candidate genes identified by GWAS 

analyses in the Egyptian buffalo studies:  

The early genomic attempts conducted on 

buffalo in Egypt revealed that GWAS is crucial for 

determining the pertinent markers, causative 

mutations, genomic regions, and candidate genes 

linked to a number of economically significant 

breeding, growth, lactation, and semen traits (El-

Halawany et al., 2017; Abdel-Shafy et al., 2020a,b, 

and EL Nagar et al., 2023). In GWAS analyses 

applied on Egyptian buffalo, some candidate genes 

associated with milk production were detected on 

chromosome 1, 5, 6 and 27 by El-Halawany et al. 

(2017) using 42269 SNP for 96 animals. Also, 

Abdel-Shafy et al. (2020a,b) using 64169 SNP from 

114 buffaloes in GWAS and ss-GWAS analyses 

found that the candidate genes associated with milk 

production were detected on chromosomes number 

4, 5, 15 and 17. In ss-GWAS analyses for semen 

traits using 67282 SNP from 115 bulls with 84665 

semen ejaculates, ELNagar et al. (2023) reported 

that five novel candidate genes (4 genes on X-

chromosome and one gene on chromosome16) and 

four novel genes nominated as Melanoma-

associated antigen D2 gene, Sodium/hydrogen 

exchanger 2-like gene, actin-related protein T1 

gene, and cancer/testis antigen 47A-like gene were 

linked to spermatogenesis and male fertility. 

According to a recent study, the X chromosome 

accounts for 23.4% of the overall genetic variance 

observed in semen characteristics, making it the 

most significant chromosome. This indicates that it 

explains 4.2, 4.6, 5.2, 5.2, and 4.3% of the genetic 

variance for the volume of semen ejaculate, sperm 

motility, sperm livability, sperm abnormalities, and 

sperm concentration, respectively. Similar to cattle, 

buffalo can undergo genomic selection to increase 

their lactation and fertility traits (Fortes et al., 2020; 

Pacheco et al., 2020, and Khan et al., 2024). 
 

Candidate and novel genes identified by GWAS 

analyses in non-Egyptian buffalo studies:  

Earlier, Venturini et al. (2014) using bovine 

SNP chip in Brazilian buffalo reported that four 

candidate genes were identified for milk production 

traits and milk protein and fat percentages of 1018 

individuals nominated as oestrogen-related receptor 

gamma (ESRRG), fragile histidine triad (FHIT), 

catenin delta 2 (CTNND2), and apolipo protein B 

(APOB). Additionally, de Camargo et al. (2015) 

using 90K SNP of GWAS analyses in Asian buffalo 

reported that the genes KCTD8, ESRRG, TRNAY-

AUA, and GPATCH2were associated with fat %; 

the genes SART3, ISCU, CMKLR1, WSCD2, 

MFNG, CARD10, and USP18 were associated with 

protein percentage; and the genes BCL6, RTP2, 

SST, and PTGS2were associated with milk 

production. Liu et al. (2018) in Italian 

Mediterranean buffalo identified several candidate 

genes through GWAS analyses for milk production 

namely MFSD14A, SLC35A3, PALMD, RGS22 and 

VPS13B genes. However, limited GWAS analyses 

have been performed in worldwide buffalo studies 

to detect the functional genes for milk production, 

milk compositions, reproduction and fertility traits 

(Deng et al., 2019; Liu et al., 2020; Pacheco et al., 

2020; Rehman et al., 2021; Shao et al., 2021, and 

https://doi.org/10.3390/ani13243758
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Lázaro et al., 2023). GWAS was carried out for 

lactation and reproductive variables in Murrah 

buffalo because certain putative genomic areas 

were discovered to have a potential function in 

controlling milk yield and fertility (Vohra et al., 

2021). In this study, six SNPs on chromosomes 1, 

6, and 9 were significantly associated with test-day 

milk yield, fat percentages, SNF percentages, 305 

days’ milk yield and lactation persistency, post-

partum breeding interval, and age at sexual 

maturity. These genomic regions may prove 

beneficial, in the long term, for shaping future 

buffalo genetic improvement globally and in the 

short term, for early selection of high-yielding 

persistent buffaloes. 
 

Genomic selection studies applied in buffalo: 

The powerful marker-assisted selection, known 

as genomic selection (GS), is rarely applied in 

buffalo, though using genetic markers spans the 

entire genome effectively to ensure that all QTL are 

in linkage disequilibrium (LD). However, GS has 

been widely used in cattle, though it primarily 

focusses on carcass traits and milk production 

(Silva et al., 2014, and Weller et al., 2017). 

Moreover, there are very few genomic evaluation 

reports for production or reproduction 

characteristics in buffalo studies, or in other words 

the field is still in its infancy stage (de Araujo Neto 

et al., 2020; Vohra et al., 2021, and Lázaroet al., 

2023). The primary drawbacks of using genomic 

evaluation in buffalo include the absence of well-

structured buffalo populations, as there are 

currently relatively limited numbers of buffaloes in 

each nation having both genotypic and phenotypic 

data. According to Liu et al. (2018), and Abdel-

Shafy et al. (2020a,b), the most effective alternative 

approach to genomic selection would be a multi-

breed genomic evaluation. 
 

Highlighted conclusions concerning GWAS in 

buffalo: 

GWAS approach in buffalo evaluation will be 

more common and efficient recently, leading to 

identifying additional genes related to complex 

traitsin buffalo. The scope of genetic enhancement 

can be updated by applying GWAS technology to 

fully clarify the genomic principles underpinning 

complicated traits in buffalo breeding. 

Future research on GWAS applications could be 

deepened in buffalo genetic breeding programs 

through 1) Creating new bioinformatics tools and 

data analysis methodologies, 2) Offering more 

thorough and efficient approaches and plans for 

buffalo genome exploring and enhancement, and 3) 

Enhancing the efficiency of breeding strategies for 

lactation, reproduction, semen quality and growth 

characteristics in buffalo using genomic selection 

programs. Since a larger sample size for GWAS 

analysis may help to improve the power of 

candidate gene detection and to obtain more 

accuracy in GEBV to be used in genomic selection 

(Hayes et al., 2009, and Van der Werf, 2013). A 

more accurate buffalo genomic map is necessarily 

required in order to identify the candidate genes 

affecting lactation, reproduction, growth, carcass, 

and semen traits. 

Genomic selection can have a major impact on 

buffalo breeding programs and provide more 

accurate estimates for breeding value earlier in the 

life of breeding animals, giving more selection 

accuracy and allowing for lower generation interval 

(Van der Werf, 2013). Due to advancements in 

deep sequencing, SNP discovery methods, and 

throughput SNP genotyping on DNA chips, 

genomic selection is a viable strategy (Meyer and 

Tier, 2012).But,the current limitations of these 

technologies specific to the buffalo species (e.g., 

lack of reference genomes, costs, panel density) are 

not available to be discussed. 
 

REFERENCES 
 

Abd El Fattah, Eman M., S.  Behour, A.F. Tahani 

Ashour and A.M.S. Amin, 2023. Association 

analysis of prolactin and prolactin receptor 

genes with selected productive and reproductive 

traits in Egyptian buffalo. Journal of Animal 

Biotechnology,.34(41):3971405ـ..https://doi.org/

10.1080/10495398.2022.2028160 

Abdel-Shafy, H., M.A.A.  Awad, H. El-Regalaty, 

S.E.D. El-Assal and S. Abou-Bakr, 2020a. 

Prospecting genomic regions associated with 

milk production traits in Egyptian buffalo. 

Journal of Dairy Research, 87:389396ـ. 

https://doi.org/10.1017/s0022029920000953. 
Abdel-Shafy, H., M.A.A. Awad, H.A. El-Regalaty, 

S.E.D. Ismael, El-Assal and S. Abou-Bakr, 

2020b. A single-step genomic evaluation for 

milk production in Egyptian buffalo. Livestock 

Sciences,.234:103977..https://doi.org/10.1016/j.

livsci.2020.103977. 

Abdo, S.E., Abu El-Magd, M., ElNahas, A.F. and 

Mansour, A.A.E.K., 2014. Leptin gene SNPs 

and their effect on milk traits in Egyptian 

buffalo (Bubalus bubalis). Kafrelsheikh 

Veterinary Medical Journal, 12(1):97110ـ. 

https://doi.org/10.21608/kvmj.2014.110129 . 
Abril-Parreño, L., T.R. Carthy, K. Keogh, M. 

Štiavnická, C. O’Meara, P. Lonergan, D.A. 

Kenny and S. Fair, 2023. Genome-wide 

association study reveals candidate markers 

related to field fertility and semen quality traits 

in Holstein-Friesian bulls. Animal, 17: 

100841.https://doi.org/10.1016/j.animal.2023.10

0841. 

Aguilar, I., A. Legarra, F. Cardoso, Y. Masuda, D. 

Lourenco and I. Misztal, 2019. Frequentist 

p‐values for large‐scale‐single step 

genome‐wide association, with an application to 

birth weight in American Angus cattle. Genetics 

https://doi.org/10.1080/10495398.2022.2028160
https://doi.org/10.1080/10495398.2022.2028160
https://doi.org/10.1017/s0022029920000953
https://doi.org/10.1016/j.livsci.2020.103977
https://doi.org/10.1016/j.livsci.2020.103977
https://doi.org/10.21608/kvmj.2014.110129
https://doi.org/10.1016/j.animal.2023.100841
https://doi.org/10.1016/j.animal.2023.100841


218      Khalil and EL Nagar 

 

Selection.Evolution,.51:128 ـ. .https://doi.org/10.

1186/s12711‐019‐0469‐3. 

Aguilar, I., I. Misztal, D.L. Johnson, A. Legarra, S. 

Tsuruta and T.J. Lawlor, 2010. Hot topic: A 

unified approach to utilize phenotypic, full 

pedigree, and genomic information for genetic 

valuation of Holstein final score. Journal of 

Dairy.Science,.93: )2(743752ـ..https://doi.org/10.

3168/jds.20092730ـ . 

Aulchenko, Y.S., S. Ripke, A. Isaacs and C. M. 

Van Duijn, 2007. GenABEL: an R library for 

genomeـwide.association.analysis. Bioinformati

cs,23(10):12941296ـ..https://doi.org/10.1093/bio

informatics/btm108. 

Ahmadzadeh, M., F. Rashidi, H. Amirpour 

Najafabadi, A. Jaferian and S. Eghbalsaied, 

2019. Effects of genetic polymorphism in Pit1, 

GH, GHR and KCN3 on milk yield and body 

weight of Khuzestan Iran water buffaloes. 

Revista Colombiana de Ciencias Pecuarias, 32: 

https://doi.org/10.17533/udea.rccp.v.116ـ107.,2

32n2a04. 
Ali, S.G., A.A. El-Seoudy, A.M. Saeed, A.M. 

Abushadi, A.M. Saeed and A.M. Abushady, 

2022. Molecular characterization of some 

candidate genes in pure Egyptian buffaloes and 

crossbred of Italian buffaloes. Egyptian Journal 

of.Animal.Production, 59(1):918ـ..https://dx.doi.

org/10.21608/ejap.2022.114631.1032 . 

Al-Kal, A., Q.Y. Jiang, G.S. Qin, B. Pan, B.J. Chen 

and H.S. Jiang, 2018. Associations between 

prolactin receptor PRLR polymorphisms and 

milk production traits in dairy buffalo. Canadian 

Journal of Animal Science, 99)2(:254-259. 

https://doi.org/10.1139/cjas-2018-0050. 
Amaral, M.E.J., J.R. Grant, P.K. Riggs, N.B. 

Stafuzza, E.A.R. Filho, T. Goldammer, R. 

Weikard, R.M. Brunner, K.J. Kochan, A.J. 

Greco and J. Jeong, 2008. A first generation 

whole genome RH map of the river buffalo with 

comparison.to.domestic.cattle. BMC.genomics,

 .631ـ9ـ2164ـhttps://doi.org/10.1186/1471 .11ـ9:1

Al-Shawa, Z., M. El-Zarei, A. Ghazy, A. Amin, M. 

Ayoub, S. Merdan and S. Mokhtar, 2019. 

Genetic profile of κ-casein gene based on RFLP 

technique in association with milk traits in 

Egyptian buffaloes. Journal of Animal, Poultry 

and Fish Production, Suez Canal University, 

8(1):9-20. 

Andreas, E., C. Sumantri, H. Nuraini, A. Farajallah 

and A. Anggraeni, 2010. Identification of 

GH|AluI and GHR|AluI genes polymorphisms 

in Indonesian buffalo. Journal of the Indonesian 

Tropical Animal Agriculture, 35(4):215-221. 

https://doi.org/10.14710/jitaa.35.4.215-221. 
Araújo, D.N., G.M.F. De Camargo, P.D.D.S. 

Fonseca, D.F. Cardoso, N.A. Hurtado-Lugo, 

R.R. Aspilcueta-Borquis and H. Tonhati, 2015. 

Polymorphisms in oxytocin and α1a adrenergic 

receptor genes and their effects on production 

traits in dairy buffaloes. Animal Biotechnology, 

https://doi.org/10.1080/1049539. .168ـ165:(3)26

8.2013.877918. 

Awad, M.A., S. Abou-Bakr, H. El-Regalaty, S.E.D. 

El-Assal and H. Abdel-Shafy, 2020. 

Determination of potential candidate genes 

associated with milk lactose in Egyptian 

buffalo. World's Veterinary Journal, (1):35-42. 

https://dx.doi.org/10.36380/scil.2020.wvj5. 

Babera, S.C., M.R.D. Uy, G. Tubalinal, F.V. 

Mamuad and C.N. Mingala, 2022. Molecular 

characterization and polymorphism of inhibin 

INHβA gene in water buffalo (Bubalus bubalis) 

bulls. Philippine Journal of Science, 151:275-

280.https://doi.org/10.56899/151.01.20. 

Barbosa, E.M., B.B. Souza, R.C. Guimarães, 

L.K.N. Silva, J.S.N. Azevedo, E.C. Gonçalves, 

H.F.L. Ribeiro, S.T. Rolim Filho and E. Silva 

Filho, 2017. Polymorphisms in the melatonin 

receptor gene promoter and their associations 

with fertility characteristics in buffalo herd in 

Eastern.Amazon. Genet..Mol. .Res, 16(2):111ـ.ht

tp://dx.doi.org/10.4238/gmr16029610 . 
Borquis, R.R.A., F. Baldi, G.M.F. de Camargo, 

D.F. Cardoso, D.J.A. Santos, N.H. Lugo, M. 

Sargolzaei, F.S. Schenkel, L.G. Albuquerque 

and H. Tonhati, 2014. Water buffalo genome 

characterization by the Illumina 

BovineHDBeadChip. Genetics and Molecular 

Research,.13(2):42024215ـ.https://doi.org/10.42

38/2014.June.9.6. 

Butler, M.L., A.R. Hartman, J.M. Bormann, R.L. 

Weaber, D.M. Grieger and M.M. Rolf, 2022. 

Genome-wide association study of beef bull 

semen attributes. BMC Genomics, 23(1):74. 

https://doi.org/10.1186/s12864-021-08256-z. 

Cesarani, A., G. Gaspa, A. Pauciullo, L. Degano, D. 

Vicario and N.P. Macciotta, 2021a. Genome-

wide analysis of homozygosity regions in 

European Simmental bulls. Journal of Animal 

Breeding.and.Genetics,.138(1):6979ـ..https://doi

.org/10.1111/jbg.12502. 

Cesarani, A., S. Biffani, A. Garcia, D. Lourenco, G. 

Bertolini, G. Neglia, I. Misztal and N.P. 

Macciotta, 2021b. Genomic investigation of 

milk production in Italian buffalo. Italian 

Journal of Animal Science, 20(1):539-

547..https://doi.org/10.1080/1828051X.2021.19

02404. 

Chandra, S., D. Das, U. Kannegundla, J.K. Reen, K. 

Ramesha, S. Nath and M.A. Kataktalware, 

2020. Polymorphism in inhibin alpha gene and 

its association with semen quality traits in 

Murrah bulls. Indian Journal of Animal 

Research,.54(4):399404ـ..https://doi.org/10.1880

5/ijar.B-3798. 

Chang, C. C., Chow, C. C., Tellier, L. C., Vattikuti, 

S., Purcell, S. M. and J. J. Lee, 2015. Second-

https://doi.org/10.1186/s12711‐019‐0469‐3
https://doi.org/10.1186/s12711‐019‐0469‐3
https://doi.org/10.3168/jds.2009ـ2730
https://doi.org/10.3168/jds.2009ـ2730
https://doi.org/10.1093/bioinformatics/btm108
https://doi.org/10.1093/bioinformatics/btm108
https://doi.org/10.17533/udea.rccp.v32n2a04
https://doi.org/10.17533/udea.rccp.v32n2a04
https://dx.doi.org/10.21608/ejap.2022.114631.1032
https://dx.doi.org/10.21608/ejap.2022.114631.1032
https://doi.org/10.1139/cjas-2018-0050
https://doi.org/10.1186/1471ـ2164ـ9ـ631
https://doi.org/10.14710/jitaa.35.4.215-221
https://doi.org/10.1080/10495398.2013.877918
https://doi.org/10.1080/10495398.2013.877918
https://dx.doi.org/10.36380/scil.2020.wvj5
https://doi.org/10.56899/151.01.20
http://dx.doi.org/10.4238/gmr16029610
http://dx.doi.org/10.4238/gmr16029610
https://doi.org/10.4238/2014.June.9.6
https://doi.org/10.4238/2014.June.9.6
https://doi.org/10.1186/s12864-021-08256-z
https://doi.org/10.1111/jbg.12502
https://doi.org/10.1111/jbg.12502
https://doi.org/10.1080/1828051X.2021.1902404
https://doi.org/10.1080/1828051X.2021.1902404
https://doi.org/10.18805/ijar.B-3798
https://doi.org/10.18805/ijar.B-3798


Egyptian J. Anim. Prod. (2025)                                                   219 
generation PLINK: rising to the challenge of 

larger and richer datasets. Gigascience, 4(1): 

s13742-015.https://doi.org/10.1186/s13742-015-

0047-8 . 

Chhotaray, S., V. Vohra, V. Uttam, A. Santhosh, P. 

Saxena, R.K. Gahlyan and G. Gowane, 2023. 

TWAS revealed significant causal loci for milk 

production and its composition in Murrah 

buffaloes..Scientific.Reports,.13(1):22401.https:

//doi.org/10.1038/s41598-023-49767-x. 

Chopra, A., I. Gupta, A. Verma, N. Soumya and V. 

Vohra, 2013. Identification of lactoferrin gene 

polymorphism and its association with mastitis 

incidence. Journal of Animal Research, 

3(1):103-108 . 

Cosenza, G., N.P. Macciotta, A. Nudda, A. Coletta, 

L. Ramunno and A. Pauciullo, 2017. A novel 

polymorphism in the oxytocin receptor 

encoding gene OXTR affects milk fatty acid 

composition in Italian Mediterranean river 

buffalo. Journal of Dairy Research, 84(2):170-

180.https://doi.org/10.1017/S0022029917000127. 

da Costa Barros, C., D.J. de Abreu Santos, R.R. 

Aspilcueta-Borquis, G.M.F. De Camargo, F.R. 

de Araújo Neto and H. Tonhati, 2018. Use of 

single-step genome-wide association studies for 

prospecting genomic regions related to milk 

production and milk quality of buffalo. Journal 

of.Dairy.Research, 85(4):402406 ـ. .https://doi.or

g/10.1017/S0022029918000766 . 

Darwish, S.F., S.H. Tarek and M.R. Badr, 2016. 

Association between genotypes of growth 

hormone gene and semen quality traits in cow 

bulls and buffalo bulls. Alexandria Journal  of  

Veterinary.Sciences,.49)1(:147152ـ.https://doi.o

rg/10.5455/ajvs.221998.  

de Araujo Neto, F.R., L. Takada, D.J.A. Dos 

Santos, R.R. Aspilcueta-Borquis, D.F. Cardoso, 

A.V. Do Nascimento, K.M. Leao, H.N. de 

Oliveira and H. Tonhati 2020. Identification of 

genomic regions related to age at first calving 

and first calving interval in water buffalo using 

single-step GBLUP. Reproduction in Domestic 

Animals,.55(12):15651572ـ.https://doi.org/10.11

11/rda.13811. 

de Camargo, G.M.F., R.R. Aspilcueta-Borquis, 

M.R.S. Fortes, R. Porto-Neto, D.F. Cardoso, 

D.J.A. Santos, S.A. Lehnert, A. Reverter, S.S. 

Moore and H. Tonhati, 2015. Prospecting major 

genes in dairy buffaloes. BMC Genomics, 
16:872. .https://doi.org/10.1186/s128642ـ1986ـ015ـ. 

Deng, T., C. Pang, M. Liu, C. Zhang and X. Liang, 

2016. Synonymous single nucleotide 

polymorphisms in the MC4R gene that are 

significantly associated with milk production 

traits in water buffaloes. Genetics and 

Molecular Research, 15(2):1-8.  

Deng, T., A. Liang, S. Liang, X. Ma, X. Lu, A. 

Duan, C. Pang, G. Hua, S. Liu, G. Campanile, 

A. Salzano, B. Gasparrini, G. Neglia, X. Liang 

and L. Yang, 2019. Integrative analysis of 

transcriptome and GWAS data to identify the 

hub genes associated with milk yield trait in 

buffalo. Frontiers in Genetics, 10:36. 

.https://doi.org/10.3389/fgene.2019.00036. 

De Roos, A.P.W., C. Schrooten, R.F. Veerkamp 

and J.M.A. Van Arendonk, 2011. Effects of 

genomic selection on genetic improvement, 

inbreeding, and merit of young versus proven 

bulls. Journal of Dairy Science, 94(3):1559-

1567..https://doi.org/10.3168/jds.2010-3354. 

Deshmukh, B., A. Verma, I.D. Gupta, N. Kashyap 

and J. Saikia, 2021. SNP identification in sperm 

associated antigen 11b gene and its association 

with sperm quality traits in Murrah bulls. Indian 

Journal of Animal Research, 55(9):1005-1009. 

.https://doi.org/10.18805/IJAR.B-4152.  

Devkatte, S., M. Janmeda, U. Ramani, S. Patel, N. 

Dangar, V. Kharadi, and G.Pandya, 2021. 

Prolactin receptor gene exon 9 polymorphism in 

Surti and Jaffarabadi buffaloes. Indian Journal 

of.Veterinary..Sciences..and..Biotechnology, 17

 .https://doi.org/10.21887/ijvsbt.17.3.8..40ـ36:(3)

Du, C., T. Deng, Y. Zhou, T. Ye, Z. Zhou, S. 

Zhang, B. Shao, P. Wei, H. Sun, F.A. Khan, L. 

Yang, G. Hua 2019. Systematic analyses for 

candidate genes of milk production traits in 

water buffalo (Bubalus bubalis). Animal 

Genetics,50(2):207216ـ.https://doi.org/10.1111/

age.12739. 

El-Debaky, H., K. El-Razik, S. Asa, K. Mahmoud, 

M. Kandie and Y. Ahmed, 2020. Sequence 

based polymorphism of lactoferrin gene in 

relation to fertility in Egyptian buffaloes. 

International Journal of Veterinary Science, 

9:)1(:97-103. 

El-Halawany, N., H. Abdel-Shafy, A.E.M.A. 

Shawky, M.A. Abdel-Latif, A.F.M. Al-Tohamy 

and O.M. Abd El-Moneim, 2017. Genome-wide 

association study for milk production in 

Egyptian buffalo. Livestock Science, 

198:10J16..https://doi.org/10.1016/j.livsci.2017.

01.019. 

El-Komy, S.M., A.A. Saleh, T.M. Abdel-Hamid 

and M.A. El-Magd, 2020. Association of GHR 

polymorphisms with milk production in 

buffaloes..Animals,.10(7):1203..https://doi.org/1

0.3390/ani10071203. 

El-Magd, M., H. Abbas, A. El-Kattawy and A. 

Mokhbatly, 2013. Novel polymorphisms of the 

IGF1R gene and their association with average 

daily gain in Egyptian buffalo (Bubalus 

bubalis). Domestic Animal Endocrinology, 

https://doi.org/10.1016/j.domani..110ـ105:(2)45

end.2013.06.004. 

El-Magd, M.A., H.G. Abo-Al-Ela, A. El-Nahas, 

A.A. Saleh and A.A. Mansour, 2014. Effects of 

a novel SNP of IGF2R gene on growth traits 

and expression rate of IGF2R and IGF2 genes in 

gluteus medius muscle of Egyptian buffalo. 

https://doi.org/10.1186/s13742-015-0047-8
https://doi.org/10.1186/s13742-015-0047-8
https://doi.org/10.1038/s41598-023-49767-x
https://doi.org/10.1038/s41598-023-49767-x
https://doi.org/10.1017/S0022029917000127
https://doi.org/10.1017/S0022029918000766
https://doi.org/10.1017/S0022029918000766
https://doi.org/10.5455/ajvs.221998
https://doi.org/10.5455/ajvs.221998
https://doi.org/10.1111/rda.13811
https://doi.org/10.1111/rda.13811
https://doi.org/10.1186/s12864ـ015ـ1986ـ2
https://doi.org/10.3389/fgene.2019.00036
https://doi.org/10.3168/jds.2010-3354
https://doi.org/10.18805/IJAR.B-4152
https://doi.org/10.21887/ijvsbt.17.3.8
https://doi.org/10.1111/age.12739
https://doi.org/10.1111/age.12739
https://doi.org/10.1016/j.livsci.2017.01.019
https://doi.org/10.1016/j.livsci.2017.01.019
https://doi.org/10.3390/ani10071203
https://doi.org/10.3390/ani10071203
https://doi.org/10.1016/j.domaniend.2013.06.004
https://doi.org/10.1016/j.domaniend.2013.06.004


220      Khalil and EL Nagar 

 

Gene,.540(2):133139ـ..https://doi.org/10.1016/j.

gene.2014.02.059. 

El-Magd, M.A.E., A.G. Zaki, K.A. Kahilo, M.E.S. 

Barakat and I.F. Hassan, 2015. Effect of SNPs 

in prolactin promoter on milk traits in Egyptian 

buffalo. Advances in Dairy Research, 3(1): 128. 

https://doi.org/10.4172/2329-888X.1000128. 
El-Magd, M.A., A.A. Saleh, A.A. Nafeaa, S.M. El-

Komy and M.A. Afifi, 2017. Polymorphisms of 

the IGF1 gene and their association with growth 

traits, serum concentration and expression rate 

of IGF1 and IGF1R in buffalo. Journal of 

Zhejiang University. Science. B, 18(12):1064. 

https://doi.org/10.1631/jzus.B1600573.  

El-Magd, M.A., A. Fathy, K.A. Kahilo, A.A. Saleh, 

A.I. El Sheikh, S. Al-Shami and S.M. El-Komy, 

2021. Polymorphisms of the PRLR gene and 

their association with milk production traits in 

Egyptian buffaloes. Animals, 11(5): 

1237.https://doi.org/10.3390/ani11051237.  

ELNagar, A.G., M.M.I. Salem, A.M.S. Amin, M.H. 

Khalil, A.F. Ashour, M.M. Hegazy and H. 

Abdel-Shafy, 2023. Single-step genome-wide 

association study for semen traits of Egyptian 

buffalo bulls. Animals, 13(24): 

3758.https://doi.org/10.3390/ani13243758. 

Erdoğan, M., M. Tekerli, K. Çelikeloğlu, Ö. Hacan, 

S. Kocak, Z. Bozkurt, S. Cinkaya and M. 

Demirtaş, 2021. Associations of SNPs in GHR 

gene with growth and milk yield of Anatolian 

buffaloes. Turkish Journal of Veterinary and 

Animal.Sciences,.45(6):10801086ـ..https://doi.o

rg/10.3906/vet-2103-40. 

Eriani, K., R. Rahmi, I. Jamil, R. Rosnizar and A.L. 

Azhar, 2019. Body size characteristics and 

polymorphism in GH and GHRH genes of 

Simeulue buffalo of Aceh, Indonesia. 

Biodiversitas Journal of Biological Diversity, 

https://doi.org/10.13057/biodiv/d.242ـ236:(1)20

200127.   

Fortes, M.R.S., L.R. Porto-Neto, N. Satake, L.T. 

Nguyen, A.C. Freitas, T.P. Melo, D.C.B. Becker 

Scalez, B. Hayes, F.S.S. Raidan, A. Reverter 

and G.B. Boe-Hansen, 2020. X chromosome 

variants are associated with male fertility traits 

in two bovine populations. Genetics Selection 

Evolution,52:113ـ.https://doi.org/10.1186/s1271

1-020-00563-5. 

Fouda, M., S. Hemeda, K. El-Bayomi, I. El-Araby, 

B. Hendam, and A. Ateya, 2021. Genetic 

polymorphisms in FSHR/ALUI and ESRα/BG1I 

loci and their association with repeat breeder 

incidence in buffalo. Journal of the Hellenic 

Veterinary Medical Society, 

https://doi.org/10.12681/jhvms.2878ـ2869:(2)72

.27525. 

Freitas, A., G. De Camargo, R. Aspilcueta-Borquis, 

N. Stafuzza, G. Venturini, F. Tanamati, N. 

Hurtado-Lugo, C. Barros and H. Tonhati, 2016. 

Polymorphism in the A2M gene associated with 

high-quality milk in Murrah buffaloes (Bubalus 

bubalis). Genetics and Molecular Research, 

15:10.https://doi.org/10.4238/gmr.15027637.  

Gafer, J.A., G.H.A. El-Rahman and Z. Rawash, 

2015. Association of Hsp70 gene polymorphism 

and bull semen quality in winter and summer 

seasons. Alexandria Journal for Veterinary 

Sciences,46(1):114ـ.https://doi.org/10.5455/ajvs.

186038. 

Gil, F., G. De Camargo, F.P. de Souza, D. Cardoso, 

P. Fonseca, L. Zetouni, C. Braz, R. Aspilcueta-

Borquis and H. Tonhati, 2013. Polymorphisms 

in the Ghrelin gene and their associations with 

milk yield and quality in water buffaloes. 

Journal of Dairy Science, 

https://doi.org/10.3168/jds.20..3331ـ3326:(5)96

12-6362. 

Goddard, M.E., and B.J. Hayes, 2009. Mapping 

genes for complex traits in domestic animals 

and their use in breeding programmes. Nature 

Reviews.Genetics,10(6):381391ـ.https://doi.org/

10.1038/nrg2575. 

Gondro, C., J. Van der Werf and B. Hayes, 2013. 

Genome-wide association studies and genomic 

prediction. (Vol.1019). Totowa, NJ, USA: 

Humana Press. 

Guzman, J.L.G., S.F. Lázaro, A.V. do Nascimento, 

D.J. de Abreu Santos, D.F. Cardoso, D.C.B. 

Scalez, L.G. de Albuquerque, N.A.H. Lugo and 

H. Tonhati, 2020. Genome-wide association 

study applied to type traits related to milk yield 

in water buffaloes (Bubalus bubalis). Journal of 

Dairy.Science,103(2):16421650ـ.https://doi.org/

10.3168/jds.2019-16499. 

Hasanain, M., K.G.M. Mahmoud, A. El-Menoufy, 

A. Sakr, Y. Ahmed and O. Othman, 2016. 

Semen characteristics and genotyping of 

pituitary-specific transcription factor gene in 

buffalo using PCR-RFLP. Egyptian Journal of 

Veterinary.Sciences,47(1):1326 ـ.https://doi.org/

10.21608/ejvs.2016.1079.  

Hasanain, M.H., K.G.M. Mahmoud, Y.F. Ahmed, 

A.A. El-Menoufy, A.M. Sakr and E. Othman, 

2017. Effect of body condition score and PCR-

RFLP polymorphism of prolactin gene on 

semen characteristics of buffalo bulls (Bubalus 

bubalis). Egyptian Journal of Veterinary 

Sciences,48(1):19ـ.https://doi.org/10.21608/ejvs.

2017.868.1011. 

Hayes, B.J., P.M. Visscher, H. McPartlan and M.E. 

Goddard, 2003. A novel multilocus measure of 

linkage disequilibrium to estimate past effective 

population size. Genome Research, 13(4):635–

643.https://doi.org/10.1101/gr.387103. 

Hayes, B.J., P. Bowman, A. Chamberlain and M. 

Goddard, 2009. Invited review: Genomic 

selection in dairy cattle: Progress and 

challenges. Journal of Dairy Science, 

https://doi.org/10.1016/j.gene.2014.02.059
https://doi.org/10.1016/j.gene.2014.02.059
https://doi.org/10.4172/2329-888X.1000128
https://doi.org/10.1631/jzus.B1600573
https://doi.org/10.3390/ani11051237
https://doi.org/10.3390/ani13243758
https://doi.org/10.3906/vet-2103-40
https://doi.org/10.3906/vet-2103-40
https://doi.org/10.13057/biodiv/d200127
https://doi.org/10.13057/biodiv/d200127
https://doi.org/10.1186/s12711-020-00563-5
https://doi.org/10.1186/s12711-020-00563-5
https://doi.org/10.12681/jhvms.27525
https://doi.org/10.12681/jhvms.27525
https://doi.org/10.4238/gmr.15027637
https://doi.org/10.5455/ajvs.186038
https://doi.org/10.5455/ajvs.186038
https://doi.org/10.3168/jds.2012-6362
https://doi.org/10.3168/jds.2012-6362
https://doi.org/10.1038/nrg2575
https://doi.org/10.1038/nrg2575
https://doi.org/10.3168/jds.2019-16499
https://doi.org/10.3168/jds.2019-16499
https://doi.org/10.21608/ejvs.2016.1079
https://doi.org/10.21608/ejvs.2016.1079
https://doi.org/10.21608/ejvs.2017.868.1011
https://doi.org/10.21608/ejvs.2017.868.1011
https://doi.org/10.1101/gr.387103


Egyptian J. Anim. Prod. (2025)                                                   221 
-https://doi.org/10.3168/jds.2008.443ـ433:(2)92

1646. 

Herrera, J.R., E.B. Flores, N. Duijvesteijn, C. 

Gondro and J.H.J. van der Werf, 2018, 

February. Genome-wide association study for 

milk traits in Philippine dairy buffaloes. 

In Proceedings of the World Congress on 

Genetics Applied to Livestock Production (Vol. 

825). New Zealand: 11th World Congress on 

Genetics Applied to Livestock Production.  

Heydarian, D., S.R. Miraei-Ashtiani and M. 

Sadeghi, 2014. Study on DGAT1-exon8 

polymorphism in Iranian buffalo. International 

Journal of Advanced Biological and Biomedical 

Research, 2(7):2276-2282.  

Hosseini, S.M., Y. Tingzhu, M. Pasandideh, A. 

Liang, G. Hua, N.M. Schreurs, S.H.A. Raza, A. 

Salzano, G. Campanile and B. Gasparrini, 2021. 

Genetic association of PPARGC1A gene single 

nucleotide polymorphism with milk production 

traits in Italian Mediterranean buffalo. BioMed 

Research.International,.Article.ID.3653157:8..ht

tps://doi.org/10.1155/2021/3653157. 

Hu, Z.L., C.A. Park and J.M. Reecy, 2016. 

Developmental progress and current status of 

the Animal QTLdb. Nucleic acids 

research, 44(D1):D827ـD833..https://doi.org/10.

1093/nar/gkv1233. 

Iamartino, D., J.L. Williams, T. Sonstegard, J. 

Reecy, C.V. Tassell, E.L. Nicolazzi, S. Biffani, 

F. Biscarini, S. Schroeder and D.A. de Oliveira, 

2013. The buffalo genome and the application 

of genomics in animal management and 

improvement. Buffalo Bulletin, 32:151-158. 

Jamuna, V., A. Gupta, A. Chakravarty, A. Singh, C. 

Patil, M. Kumar and V. Vohra, 2016. Leptin 

gene polymorphism in association with lactation 

milk yield in Murrah buffaloes. Indian Journal 

of Animal Sciences, 86(1):95-97. 

Kadhim, A.F., and W.I. Ibrahim, 2019. 

Polymorphic genotypes for fragment (Intron1-

661 bp) from DGAT1 gene and their 

relationship to performance in Iraqi buffalo 

using RELP technology. Journal Plant Archives, 

19:4032-4036. 

Kaler, A.S., and L.C. Purcell, 2019. Estimation of a 

significance threshold for genome-wide 

association studies. BMC Genomics, 
 .7ـ5992ـ019ـhttps://doi.org/10.1186/s12864..8ـ20:1

Kaplan, S., 2018. Nucleotide polymorphism of 

leptin gene in Anatolian water buffaloes. 

Pakistan Journal of Zoology, 

50:5..https://doi.org/10.17582/journal.pjz/2018.

50.5.1841.1846. 

Kathiravan, R.S., R. Chitra, N. Murli and M. 

Arthanarieswaran, 2019. Detection of follicle 

stimulating hormone receptor gene 

polymorphism in Murrah and graded Murrah 

buffaloes. International Journal of Livestock 

Research,9)7):143147ـ..https://doi.org/10.5455/i

jlr.20181113060005. 

Khalil, M.H., 2020. Molecular applications of 

candidate genes in genetic improvement 

programs in livestock (Invited paper). Egyptian 

Journal of Animal Production, 

57(Suppl.1):123ـ..https://ejap.journals.ekb.eg/art

icle_97954.html. 

Khan, A., K. Singh, S. Jaiswal, M. Raza, R.S. 

Jasrotia, A. Kumar, A.K.S. Gurjar, J. Kumari, 

V. Nayan, M.A. Iquebal, U.B. Angadi, A. Rai, 

T.K. Datta and D. Kumar, 2022. Whole-

genome-based web genomic resource for water 

buffalo (Bubalus bubalis). Frontiers in Genetics, 

13:809741.https://doi.org/10.3389/fgene.2022.8

09741 . 

Khan, M.Z., W. Chen, S. Naz, X. Liu, H. Liang, Y. 

Chen, X. Kou, Y. Liu, I. Ashraf, Y. Han, Y. 

Peng, C. Wang and M. Zahoor, 2024. 

Determinant genetic markers of semen quality 

in livestock. Frontiers in 

Endocrinology,15:1456305..https://doi.org/10.3

389/fendo.2024.1456305 . 

Khan, M.Z., Y. Ma, J. Ma, J. Xiao, Y. Liu, S. Liu, 

A. Khan, I.M. Khan and Z. Cao, 2021. 

Association of DGAT1 with cattle, buffalo, 

goat, and sheep milk and meat production traits. 

Frontiers in Veterinary Science, 

8:712470.https://doi.org/10.3389/fvets.2021.712

470 . 

Konca, M.A., and B. Akyüz, 2017. Investigation 

of growth hormone releasing hormone, 

growth hormone and prolactin hormone gene 

polymorphism in Anatolian water buffalo. 

Annals of Animal Science, 

20ـhttps://doi.org/10.1515/aoas.1062ـ17:1053

 . 0100ـ16

Koivula, M., I. Strandén, J. Pösö, G.P. Aamand and 

E.A. Mäntysaari, 2015. Single-step genomic 

evaluation using multitrait random regression 

model and test-day data. Journal of Dairy 

Science, 98(4):27752784ـ..https://doi.org/10.316

8/jds.2014-8975. 

Krovvidi, S., T.K. Aranganoor, S. Ramasamy, V. 

Regula, M. Metta, and J. Mani, 2021. 

Evaluation of CYP19 as a candidate gene for 

milk production traits in native cattle and 

buffalo populations of Southern India. Turkish 

Journal of Veterinary & Animal Sciences, 
 .https://doi.org/10.3906/vet-2101-4..872ـ863:(5)45

Kumar, M., V. Vohra, P. Ratwan, A. Chopra and A. 

Chakaravarty, 2017. Influence of FASN gene 

polymorphism on milk production and its 

composition traits in Murrah buffaloes. Indian 

Journal of Animal Research, 

 . https://doi.org/10.18805/ijar.7077.643 ـ51:640

Kumari, R., K.P. Ramesha, R. Kumar, P. Divya and 

B. Sinha, 2018a. Genetic polymorphism of 

aquaporin 7 gene and its association with semen 

quality in Surti bulls. Buffalo Bulletin, 

 . 198 ـ37:191

https://doi.org/10.3168/jds.2008-1646
https://doi.org/10.3168/jds.2008-1646
https://doi.org/10.1155/2021/3653157
https://doi.org/10.1155/2021/3653157
https://doi.org/10.1093/nar/gkv1233
https://doi.org/10.1093/nar/gkv1233
https://doi.org/10.1186/s12864ـ019ـ5992ـ7
https://doi.org/10.17582/journal.pjz/2018.50.5.1841.1846
https://doi.org/10.17582/journal.pjz/2018.50.5.1841.1846
https://doi.org/10.5455/ijlr.20181113060005
https://doi.org/10.5455/ijlr.20181113060005
https://doi.org/10.3389/fgene.2022.809741
https://doi.org/10.3389/fgene.2022.809741
https://doi.org/10.3389/fendo.2024.1456305
https://doi.org/10.3389/fendo.2024.1456305
https://doi.org/10.3389/fvets.2021.712470
https://doi.org/10.3389/fvets.2021.712470
https://doi.org/10.1515/aoasـ2016ـ0100
https://doi.org/10.1515/aoasـ2016ـ0100
https://doi.org/10.3168/jds.2014-8975
https://doi.org/10.3168/jds.2014-8975
https://doi.org/10.3906/vet-2101-4
https://doi.org/10.18805/ijar.7077


222      Khalil and EL Nagar 

 

Kumari, R., R.P. Kerekoppa, R. Kumar, P. Divya, 

B. Sinha, M. Basavaraju and A. Rao, 2018b. 

Association of aquaporin 7 gene variants with 

semen quality in Murrah buffaloes.  

Kumari, R., K. Ramesha, R. Kumar, B. Sinha and 

P. Divya, 2018c. Nucleotide sequence 

polymorphism within exon 1 of aquaporin 7 

gene and its association with semen quality in 

Murrah buffaloes. International Journal of 

Livestock.Research,8:137145 ـ.https://doi.org/10

.5455/ijlr.20170829060835 .  

Ladani, D.D., D.L. Pipalia, B.P. Brahmkshtri, D.N. 

Rank, C.G. Joshi, P.H. Vataliya and J.V. 

Solanki, 2003. Prolactin genotyping of Indian 

buffalo breeds using PCR-RFLP. Buffalo 

Journal, 19(2):203-208. 

Lázaro, S.F., H. Tonhati, R. Hinayah, A.A. 

Oliveira, D.C.B. Scalez, A.V. Nascimento, 

D.J.A. Santos, G. Stefani, I.S. Carvalho, A.F. 

Sandoval and L.F. Brito, 2023. Genetic 

parameters and genome-wide association studies 

for mozzarella and milk production traits, 

lactation length, and lactation persistency in 

Murrah buffaloes. Journal of Dairy Science, 

https://doi.org/10.3168/jds.202.1021ـ992:(2)107

 . 23284ـ3

Legarra, A., and A. Reverter, 2018. Semi-

parametric estimates of population accuracy and 

bias of predictions of breeding values and future 

phenotypes using the LR method. Genetic 

Selection and Evolution, 

-https://doi.org/10.1186/s12711-018.18ـ50:1

0385-0 .  

Li, J., A. Liang, Z. Li, C. Du, G. Hua, A. Salzano, 

G. Campanile, B. Gasparrini and L. Yang, 2017. 

An association analysis between PRL genotype 

and milk production traits in Italian 

Mediterranean river buffalo. Journal of Dairy 

Research,84(4):430433ـ.https://doi.org/org/10.1

017/S0022029917000693.  

Li, J., J., Liu, G. Campanile, G. Plastow, C. Zhang, 

Z. Wang, M. Cassandro, B. Gasparrini, A. 

Salzano, G. Hua and A. Liang, 2018. Novel 

insights into the genetic basis of buffalo 

reproductive performance. BMC Genomics, 
 .6ـ5208ـ018ـhttps://doi.org/10.1186/s12864.11ـ19:1

Liu, J.J., A.X. Liang, G. Campanile, G. Plastow, C. 

Zhang, Z. Wang, A. Salzano, B. Gasparrini, M. 

Cassandro and L.G. Yang, 2018. Genome-wide 

association studies to identify quantitative trait 

loci affecting milk production traits in water 

buffalo. Journal of Dairy Science, 101: 433–

444. https://doi.org/10.3168/jds.2017-13246 .  

Liu, J., Z. Wang, J. Li, H. Li and L. Yang, 2020. 

Genome-wide identification of diacylglycerol 

acyltransferases (DGAT) family genes 

influencing milk production in buffalo. BMC 

Genetics,21:114ـ.https://doi.org/10.1186/s12863

-020-00874-3 .  

Long, M., B. Wang, Z. Yang and X. Lu, 2024. 

Genome-wide association study as an 

efficacious approach to discover candidate 

genes associated with body linear type traits in 

dairy.cattle..Animals,14:2181.https://doi.org/10.

3390/ani14152181 .  

Lu, A., X. Hu, H. Chen, Y. Dong, Y. Zhang and X. 

Wang, 2011. Novel SNPs of the bovine GRLRr 

gene associated with milk production traits. 

Biochemistry.Genetics,49:177189ـ.https://doi.or

g/10.1007/s10528-010-9405-0. 

Lu, X.R., A.Q. Duan, W.Q. Li, H. Abdel-Shafy, 

H.E. Rushdi, S.S. Liang, X.Y. Ma, X.W. Liang 

and T.X. Deng, 2020. Genome-wide analysis 

reveals genetic diversity, linkage disequilibrium, 

and selection for milk production traits in 

Chinese buffalo breeds. Journal of Dairy 

Science,103:45454556ـ.https://doi.org/10.3168/j

ds.2019-17364 . 

Lu, G., C. He, X. Yang, Y. Cheng, R. Yang, J. 

Song, S. Wang, C. Wang, Z. Ma, J. Li and T. 

Feng, 2022. Association between single-

nucleotide polymorphisms in ARID4A gene and 

sperm quality of Chinese water buffalo. 

Veterinarski.Arhiv,92(5):577590 ـ.https://doi.org

/10.24099/vet.arhiv.1736.  

Luke, S.G., 2017. Evaluating significance in linear 

mixed-effects models in R. Behavior Research 

Methods,49:14941502ـ.https://doi.org/10.3758/s

13428-016-0809-y .  

Ma, L., H. Luo, L.F. Brito, Y. Chang, Z. Chen, W. 

Lou, F. Zhang, L. Wang, G. Guo and Y. Wang, 

2023. Estimation of genetic parameters and 

single-step genome-wide association studies for 

milk urea nitrogen in Holstein cattle. Journal of 

Dairy.Science,106:352363ـ.https://doi.org/10.31

68/jds.2022-21857.  

Machado, E.B., B. Souza, R. Guimarães, J. 

Azevedo, E. Goncalves, H. Ribeiro, S.R. Filho 

and E.S. Filho, 2016. Polymorphism in the 

melatonin receptor gene in buffalo populations 

of the Brazilian Amazon. Genetics and 

Molecular.Research,15(2):16ـ.https://doi.org/10.

4238/gmr.15027960 . 

Madnalwar, V.S., M.P. Sawane, V.D. Pawar, P.A. 

Patil, A.P. Fernandis and A.S. Bannalikar, 2010. 

Genotyping the prolactin gene in Pandharpuri 

buffaloes by PCR-RFLP. Buffalo Bulletin, 

29(2):88–91. 

Mahmoud, K.G., A.M. Sakr, S.R. Ibrahim, A.S. 

Sosa, M.H. Hasanain and M.F. Nawito, 2021. 

GnRHR gene polymorphism and its correlation 

with semen quality in buffalo bulls (Bubalus 

bubalis). Iraqi Journal of Veterinary Sciences, 

https://doi.org/10.33899/ijvs.2020.1.386 ـ35:381

26886.1407.  

Mahrous, K.F., M.M. Aboelenin, M.A. Rashed, 

M.A. Sallam, and H.E. Rushdi, 2020. Detection 

of polymorphism within leptin gene in Egyptian 

https://doi.org/10.5455/ijlr.20170829060835
https://doi.org/10.5455/ijlr.20170829060835
https://doi.org/10.3168/jds.2023ـ23284
https://doi.org/10.3168/jds.2023ـ23284
https://doi.org/10.1186/s12711-018-0385-0
https://doi.org/10.1186/s12711-018-0385-0
https://doi.org/org/10.1017/S0022029917000693
https://doi.org/org/10.1017/S0022029917000693
https://doi.org/10.1186/s12864ـ018ـ5208ـ6
https://doi.org/10.3168/jds.2017-13246
https://doi.org/10.1186/s12863-020-00874-3
https://doi.org/10.1186/s12863-020-00874-3
https://doi.org/10.3390/ani14152181
https://doi.org/10.3390/ani14152181
https://doi.org/10.1007/s10528-010-9405-0
https://doi.org/10.1007/s10528-010-9405-0
https://doi.org/10.3168/jds.2019-17364
https://doi.org/10.3168/jds.2019-17364
https://doi.org/10.24099/vet.arhiv.1736
https://doi.org/10.24099/vet.arhiv.1736
https://doi.org/10.3758/s13428-016-0809-y
https://doi.org/10.3758/s13428-016-0809-y
https://doi.org/10.3168/jds.2022-21857
https://doi.org/10.3168/jds.2022-21857
https://doi.org/10.4238/gmr.15027960
https://doi.org/10.4238/gmr.15027960
https://doi.org/10.33899/ijvs.2020.126886.1407
https://doi.org/10.33899/ijvs.2020.126886.1407


Egyptian J. Anim. Prod. (2025)                                                   223 
river buffalo and predict its effects on different 

molecular levels. Journal of Genetic 

Engineering.and.Biotechnology,18(1):6.https://d

oi.org/10.1186/s43141-020-0020-5.  

Marees, A.T., H. De Kluiver, S. Stringer, F. 

Vorspan, E. Curis, C. Marie-Claire and E.M. 

Derks, 2018. A tutorial on conducting genome-

wide association studies: Quality control and 

statistical analysis. International Journal of 

Methods in Psychiatric Research, 

27:e1608.https://doi.org/10.1002/mpr.1608. 

Matilainen, K., Strandén, I., Aamand, G. P. and E. 

A. Mäntysaari, 2018. Single step genomic 

evaluation for female fertility in Nordic Red 

dairy cattle. Journal of Animal Breeding and 

Genetics, 135(5):337348ـ.https://doi.org/10.111

1/jbg.12353. 

Mavi, G.K., P. Dubey, B. Kumar, S. Kaur, P. 

Malhotra and R. Narang, 2017. Allele fixation 

in prolactin and Pit-1 genes associated with 

highest fat content than milk yield of Murrah 

buffalo population. Journal of Animal Research, 

.940X ـhttps://doi.org/10.5958/2277..1000ـ7:993

2017.00150.  

Meyer, K., and B. Tier, 2012. SNP Snappy: A 

strategy for fast genome-wide association 

studies fitting a full mixed model. Genetics, 

https://doi.org/10.1534/genetics.11..277ـ190:275

1.134841 

Mishra, C., T.K. Palai, L.N. Sarangi, B.R. Prusty 

and B.R. Maharana, 2013. Candidate gene 

markers for sperm quality and fertility in bulls. 

Veterinary.World,6(11):905910 ـ.https://doi.org/

10.14202/vetworld.2013.905-910.  

Misra, S., A. Sharma, T. Bhattacharya, P. Kumar 

and S.S. Roy, 2008. Association of breed and 

polymorphism of αs1- and αs2-casein genes 

with milk quality and daily milk and constituent 

yield traits of buffaloes (Bubalus bubalis). 

BuffaloBulletin, 27:294–301. 

Misztal, I., S. Tsuruta, D.A.L. Lourenco, Y. 

Masuda, I. Aguilar, A. Legarra and Z. Vitezica, 

2018. Manual for BLUPF90 family programs. 

University of Georgia. Athens, USA, 125. 

Moaeen-ud-Din, M., and G. Bilal, 2016. Genomic 

selection of Nili-Ravi buffalo: A choice for 

buffalo breeders. Buffalo Bulletin, 

 .605ـ595:(4)35

Modiba, M.C., K.A. Nephawe, K.H. Mdladla, W. 

Lu and B. Mtileni, 2022. Candidate genes in 

bull semen production traits: An information 

approach review. Veterinary Sciences, 

9:155.https://doi.org/10.3390/vetsci9040155.  

Mohammadi, A., S. Alijani, S.A. Rafat and R. 

Abdollahi-Arpanahi, 2022. Single-step genome-

wide association study and candidate genes 

networks affecting reproductive traits in Iranian 

Holstein cattle. Livestock Science, 

262:104971.https://doi.org/10.1016/j.livsci.2022

.104971.  

Moser, G., B. Tier, R.E. Crump, M.S. Khatkar and 

H.W. Raadsma, 2009. A comparison of five 

methods to predict genomic breeding values of 

dairy bulls from genome-wide SNP markers. 

Genetics Selection Evolution, 

41:56.https://doi.org/10.1186/1297-9686-41-56. 

Nafiu, L.O., M.A. Muzuni, W. Pagala and  S. 

Kurniawan dan Rahadi, 2020. Identification of 

growth genes diversity of swamp buffalo using 

RFLP in Kabaena Island, Bombana District, 

Southeast Sulawesi, Indonesia. Biodiversitas 

Journal of Biological Diversity, 21(5):1901–

1907.https://doi.org/10.13057/biodiv/d210516. 

Nicolazzi, E.L., D. Iamartino and J.L. Williams, 

2014. AffyPipe: an open-source pipeline for 

Affymetrix Axiom genotyping 

workflow. Bioinformatics, 30(21):31183119ـ.htt

ps://doi.org/10.1093/bioinformatics/btu486. 

Onogi, A., A. Ogino, T. Komatsu, N. Shoji, K. 

Shimizu, K. Kurogi, T. Yasumori, K. Togashi 

and H. Iwata, 2015. Whole‐genome prediction 

of fatty acid composition in meat of Japanese 

Black cattle. Animal Genetics, 46(5):557-

559.https://doi.org/10.1111/age.12300. 

Otaviano, A.R., H. Tonhati, J.A.D. Sena and M.F. 

Cerón Muñoz, 2005. Kappa-casein gene study 

with molecular markers in female buffaloes 

(Bubalus bubalis). Genetics and Molecular 

Biology,28:237241ـ..https://doi.org/10.1590/S14

15-47572005000200010. 

Othman, O.E., F.A. Zayed, A.A. El Gawead and 

M.R.A. El-Rahman, 2011. Genetic 

polymorphism of two genes associated with 

carcass trait in Egyptian buffaloes. Journal of 

Genetic Engineering and Biotechnology, 

9:15J20.https://doi.org/10.1016/j.jgeb.2011.0

5.003. 
Othman, O.E., F.A. Zayed, A.A. El Gawead and 

M.R.A. El-Rahman, 2012. Genetic 

polymorphism of three genes (PRL, K-CN and 

PIT-1) associated with milk traits in Egyptian 

buffalo. Genes, Genomes and 

Genomics,6(Special.Issue1):97101ـ.https://doi.o

rg/10.1016/J.JGEB.2011.09.002. 

Othman, O.E., and M.F. Abd-el Samad, 2013. RFL 

polymorphism of three fertility genes in 

Egyptian buffalo. Journal of Applied Biological 

Sciences, 7(2):94–101. 

Özdil, F., and F.  İlhan, 2012. DGAT1-exon 8 

polymorphism in Anatolian buffalo. Livestock 

Science,149(2):8387ـ.https://doi.org/org/10.101

6/j.livsci.2012.06.030. 

Özkan Ünal, E., R. Işık and M.İ. Soysal, 2020. 

Identification of novel single nucleotide 

polymorphisms in the growth hormone (GH) 

gene in Anatolian water buffalo (Bubalus 

bubalis) populations in Turkey. Revista 

Brasileira.de.Zootecnia,49:e20190260.https://do

i.org/10.37496/rbz4920190260.  

https://doi.org/10.1186/s43141-020-0020-5
https://doi.org/10.1186/s43141-020-0020-5
https://doi.org/10.1002/mpr.1608
https://doi.org/10.1111/jbg.12353
https://doi.org/10.1111/jbg.12353
https://doi.org/10.5958/2277ـ940X.2017.00150
https://doi.org/10.5958/2277ـ940X.2017.00150
https://doi.org/10.1534/genetics.111.134841
https://doi.org/10.1534/genetics.111.134841
https://doi.org/10.14202/vetworld.2013.905-910
https://doi.org/10.14202/vetworld.2013.905-910
https://doi.org/10.3390/vetsci9040155
https://doi.org/10.1016/j.livsci.2022.104971
https://doi.org/10.1016/j.livsci.2022.104971
https://doi.org/10.1186/1297-9686-41-56
https://doi.org/10.13057/biodiv/d210516
https://doi.org/10.1093/bioinformatics/btu486
https://doi.org/10.1093/bioinformatics/btu486
https://doi.org/10.1111/age.12300
https://doi.org/10.1590/S1415-47572005000200010
https://doi.org/10.1590/S1415-47572005000200010
https://doi.org/10.1016/j.jgeb.2011.05.003
https://doi.org/10.1016/j.jgeb.2011.05.003
https://doi.org/10.1016/J.JGEB.2011.09.002
https://doi.org/10.1016/J.JGEB.2011.09.002
https://doi.org/org/10.1016/j.livsci.2012.06.030
https://doi.org/org/10.1016/j.livsci.2012.06.030
https://doi.org/10.37496/rbz4920190260
https://doi.org/10.37496/rbz4920190260


224      Khalil and EL Nagar 

 

Özşensoy, Y., 2018. Investigation of PRL-RsaI and 

HaeIII gene polymorphisms in Anatolian water 

buffaloes bred by using PCR-RFLP method. 

Brazilian Journal of Animal Science, 47: 

e20170166.https://doi.org/10.1590/rbz47201701

66.  

Pacheco, A.H., F.M. Rezende and F. Peñagaricano, 

2020. Gene mapping and genomic prediction of 

bull fertility using sex chromosome markers. 

Journal.of.Dairy.Science,103(4):35653574ـ.http

s://doi.org/10.3168/jds.2019-17767.  

Páez, M.A.R., N.J. Tovar, G. Mendoza-Sánchez, 

M.F. Muñoz, B.J.S. Molina, A.F.S. Torres, 

J.A.B. Gutiérrez and J.D.R. Buitrago, 2021. 

Sequencing and analysis of the myostatin gene 

(GDF-8) in Bubalus bubalis young animals to 

determine the existence of possible mutations 

expressed in double musculature phenotype. 

Journal.of.Buffalo.Science,10(1):15ـ.https://doi.

org/10.6000/1927-520X.2021.10.01. 

Pagala, M., W. Kurniawan and S. Rahadi, 2020. 

Identification of growth genes diversity of 

swamp buffalo using RFLP in Kabaena Island, 

Bombana District, Southeast Sulawesi, 

Indonesia. Biodiversitas Journal of Biological 

Diversity,21(5):19011907ـ.https://doi.org/10.13

057/biodiv/d210516.  

Panigrahi, S., and B. Yadav, 2010. Polymorphism 

in TNP-1 gene of Murrah buffalo bulls. African 

Journal.of.Biotechnology,9(50):72247229ـ.https

://doi.org/10.5897/AJB09.165. 

Parikh, R.C., J.V. Patel, A.B. Patel, K.S. Patel, T.B. 

Patel, R.C. Patil, J.D. Kansara, S.J. Jakhesara 

and D.N. Rank, 2016. DGAT1 gene 

polymorphisms and its association with milk 

production traits in Mehsana buffalo (Bubalus 

bubalis). Buffalo Bulletin, 35, 2: 237-246. 

Pauciullo, A., G. Cosenza, R. Steri, A. Coletta, A. 

La Battaglia, D. Di Berardino, N.P.P. Macciotta 

and L. Ramunno, 2012b. A single nucleotide 

polymorphism in the promoter region of river 

buffalo stearoyl CoA desaturase gene (SCD) is 

associated with milk yield. Journal of Dairy 

Research,79(4):429435ـ.https://doi.org/10.1017/

S0022029912000507.  

Pauciullo, A., G. Cosenza, R. Steri, A. Coletta, L. 

Jemma, M. Feligini, D. Di Berardino, N.P.P. 

Macciotta and L. Ramunno, 2012a. An 

association analysis between OXT genotype and 

milk yield and flow in Italian Mediterranean 

river buffalo. Journal of Dairy Research, 

https://doi.org/10.1017/S0022029.156ـ150:(2)79

911000914. 

Pauciullo, A., L. Ramunno, N.P.P. Macciotta, G. 

Gaspa, A. Coletta, E. Apicella, D. Gallo and G. 

Cosenza, 2015. Genetic variability detected at 

the lactoferrin locus (LTF) in the Italian 

Mediterranean river buffalo. Animal Production 

Science,56(1):102106ـ.https://doi.org/10.1071/A

N14322.  

Penagaricano, F., K.A. Weigel and H. Khatib, 2012. 

Genome-wide association study identifies 

candidate markers for bull fertility in Holstein 

dairy.cattle..Animal.Genetics,43(Suppl.1):6571ـ..

https://doi.org/10.1111/j.13652052.2012.02350ـ.x. 

Pryce, J.E., J. Arias, P. Bowman, S. Davis, K. 

Macdonald, G. Waghorn, W. Wales, Y. 

Williams, R. Spelman and B. Hayes, 2012. 

Accuracy of genomic predictions of residual 

feed intake and 250-day body weight in growing 

heifers using 625,000 single nucleotide 

polymorphism markers. Journal of Dairy 

Science,95(4):21082119ـ.https://doi.org/10.3168

/jds.2011-4622.  

Purcell, S., B. Neale, K. Todd-Brown, L. Thomas, 

M.A. Ferreira, D. Bender, J. Maller, P. Sklar, 

P.I. De Bakker, M.J. Daly and P.C. Sham, 2007. 

PLINK: A tool set for whole-genome 

association and population-based linkage 

analyses. American Journal of Human Genetics, 

81(3):559–575.https://doi.org/10.1086/519795. 

Qin, C., H. Yin, X. Zhang, D. Sun, Q. Zhang, J. 

Liu, X. Ding, Y. Zhang and S. Zhang, 2016. 

Genome-wide association study for semen traits 

of the bulls in Chinese Holstein. Animal 

Genetics,48(1):8084ـ.https://doi.org/10.1111/age

.12433.  

R Develoment Core Team, 2015. R: A language 

and environment for statistical computing 

(Version 3.2.2). Vienna, Austria: R Foundation 

for Statistical Computing. Retrieved from 

.http://www.R-project.org/. 

Ramadan, S., A.A. Saker and B. Shafik, 2020. 

DNA polymorphism of FSHR gene and its 

association with infertility traits in Egyptian 

buffaloes. Benha Veterinary Medical Journal, 

https://doi.org/10.21608/bvmj.2020.34.4ـ1:(1)39

139.1221. 

Ramesha, K., A. Rao, M. Basavaraju, G. Geetha, 

M. Kataktalware and S. Jeyakumar, 2015. 

Genetic variability of bovine GHR, IGF-1 and 

IGFBP-3 genes in Indian cattle and buffalo. 

South African Journal of Animal Science, 

https://doi.org/10.4314/sajas.v4.493ـ485:(5)45

5i5.5. 
Ramirez-Diaz, J., S. Cenadelli, V. Bornaghi, G. 

Bongioni, S.M. Montedoro, A. Achilli, C. 

Capelli, J.C. Rincon, M. Milanesi, M.M. 

Passamonti, L. Colli, M. Barbato, J.L. Williams 

and P. Ajmone Marsan, 2023. Identification of 

genomic regions associated with total and 

progressive sperm motility in Italian Holstein 

bulls. Journal of Dairy Science, 

ـ  https://doi.org/10.3168/jds.2021.420ـ407:(1)106

21700. 

Reen, J., K. Ramesha, P. Sinha and R. Kumar, 

2018. Molecular characterization of luteinizing 

https://doi.org/10.1590/rbz4720170166
https://doi.org/10.1590/rbz4720170166
https://doi.org/10.3168/jds.2019-17767
https://doi.org/10.3168/jds.2019-17767
https://doi.org/10.6000/1927-520X.2021.10.01
https://doi.org/10.6000/1927-520X.2021.10.01
https://doi.org/10.13057/biodiv/d210516
https://doi.org/10.13057/biodiv/d210516
https://doi.org/10.5897/AJB09.165
https://doi.org/10.5897/AJB09.165
https://doi.org/10.1017/S0022029912000507
https://doi.org/10.1017/S0022029912000507
https://doi.org/10.1017/S0022029911000914
https://doi.org/10.1017/S0022029911000914
https://doi.org/10.1071/AN14322
https://doi.org/10.1071/AN14322
https://doi.org/10.1111/j.1365ـ2052.2012.02350.x
https://doi.org/10.3168/jds.2011-4622
https://doi.org/10.3168/jds.2011-4622
https://doi.org/10.1086/519795
https://doi.org/10.1111/age.12433
https://doi.org/10.1111/age.12433
http://www.r-project.org/
https://doi.org/10.21608/bvmj.2020.34139.1221
https://doi.org/10.21608/bvmj.2020.34139.1221
https://doi.org/10.4314/sajas.v45i5.5
https://doi.org/10.4314/sajas.v45i5.5
https://doi.org/10.3168/jds.2021ـ%2021700
https://doi.org/10.3168/jds.2021ـ%2021700


Egyptian J. Anim. Prod. (2025)                                                   225 
hormone receptor (LHR) gene in Murrah bulls. 

Journal of Entomology and Zoology Studies, 

6(3):246–250. 

Ren, J., Z. Gao, Y. Lu, M. Li, J. Hong, J. Wu, D. 

Wu, W. Deng, D. Xi and Y. Chong, 2024. 

Application of GWAS and mGWAS in 

livestock and poultry breeding. Animals, 
14(16):2382.https://doi.org/10.3390/ani14162382. 

Rehman, S.U., F.-U. Hassan, X. Luo, Z. Li and Q. 

Liu, 2021. Whole-genome sequencing and 

characterization of buffalo genetic resources: 

Recent advances and future challenges. 

Animals,11(3):904.https://doi.org/10.3390/ani11

030904. 

Rehman, M.S.U., F.U. Hassan, Z.U. Rehman, I. 

Ishtiaq, S.U. Rehman and Q. Liu, 2022. 

Molecular characterization of TGF-β gene 

family in buffalo to identify gene duplication 

and functional mutations. Genes, 

13(8):1302.https://doi.org/10.3390/genes130813

02.  

Rushdi, H.E., R.E.A. Moghaieb, H. Abdel-Shafy 

and M.A.M. Ibrahim, 2017. Association 

between microsatellite markers and milk 

production traits in Egyptian buffaloes. Czech 

Journal of Animal Science, 

-https://doi.org/10.17221/80/2016.391ـ384:(9)62

CJAS.  

Sambrook, J., E.F. Fritsch and T. Maniatis, 

1989. Molecular cloning: A Laboratory Manual 

(2nd ed.). Cold Spring Harbor, NY: Cold Spring 

Harbor Laboratory Press. 

Sallam, E.A., L. Mohammed, S. Darwish, M. 

Hegazy, A.S. El-Naby, and A. Azzam, 2022. 

Detection of FSHR gene variants associated 

with sperm motility in Egyptian buffalo bulls. 

Benha Veterinary Medical Journal, 42(2):191-

193.https://doi.org/10.21608/bvmj.2022.143994

.1532. 

Schaeffer, L.R., 2006. Strategy for applying 

genome‐wide selection in dairy cattle. Journal 

of.animal.Breeding.and.genetics,123(4):218223ـ

..https://doi.org/10.1111/j.14390388.2006.0059ـ

5.x 

Segura, V., B.J. Vilhjálmsson, A. Platt, A. Korte, Ü. 

Seren, Q. Long and M. Nordborg, 2012. An 

efficient multi-locus mixed-model approach for 

genome-wide association studies in structured 

populations.aturenetics,44(7):825830ـ.https://doi

.org/10.1038/ng.2314. 

Seidel, G.E., 2009. Brief introduction to whole-

genome selection in cattle using single 

nucleotide polymorphisms. Reproduction, 

Fertility.and.Development,22(1):138144ـ.https://

doi.org/10.1071/RD09220.   

ShafiK, B. M.N., Kh.M. El-Bayomi, M.E.S. Abo-

Salem, S.A. Darwish and S.I. Ramadan, 2017. 

Detection of SNPs in Exon10 Locus of FSHR 

Gene and Their Association with Some 

Infertility problems in Egyptian 

Buffaloes. Benha Veterinary Medical 

Journal, 32(1):160169ـ.https://doi.org/10.21608/

bvmj.2017.31203 . 

Shao, B., H. Sun, M.J. Ahmad, N. Ghanem, H. 

Abdel-Shafy, C. Du, T. Deng, S. Mansoor, Y. 

Zhou, Y. Yang, S. Zhang, L. Yang and G. Hua, 

2021. Genetic features of reproductive traits in 

bovine and buffalo: Lessons from bovine to 

buffalo. Frontiers in Genetics, 

12:617128.https://doi.org/10.3389/fgene.2021.6

17128.   

Sharma, A., J.S. Lee, C.G. Dang, P. Sudrajad, H.C. 

Kim, S.H. Yeon, H.S. Kang and S.H. Lee, 2015. 

Stories and challenges of genome-wide 

association study in livestock – A review. Asian 

Australasian Journal of Animal Science, 

https://doi.org/10.5713/ajas.1.1379ـ1371:(10)28

4.0715.  

Sihag, S., H.E. Rushdi, A. Kumar, A. Jangra, M.S. 

Hassanane, A.S. Hamdy and V. Chhokar, 2023. 

Polymorphic variants analysis in Peroxisome 

proliferator-activated receptor gamma 

coactivator 1-alpha (PPARGC1A) Gene of 

Indian and Egyptian buffaloes. Indian Journal of 

Animal.Research,57(11):14741479ـ.https://doi.o

rg/10.18805/IJAR.B-5182.  

Silva, C.S., E. da Silva Filho, L.K.N. da Silva, R.S. 

Ferraz, A. de Sousa Matos, L.C. Marques, R.L. 

Sales, D.A. de Araújo Guimarães and J.R.F. 

Marques, 2021. Polymorphisms in the leptin and 

SCD genes in buffaloes of the Amazon. 

Research, Society and Development, 

10:e233101321222.https://doi.org/10.33448/rsd-

v10i13.21222. 

Silva, M.V.G.B., D.J.A. dos Santos, S.A. Boison, 

A.T.H. Utsunomiya, A.S. do Carmo and T.S. 

Sonstegard, 2014. The development of 

genomics applied to dairy breeding. Livestock 

Science, 166, 66–75. 

https://doi.org/10.1016/j.livsci.2014.05.017. 

Singh, A.P., K.P. Ramesha, M.A. Mir, A. Arya and 

S. Isloor, 2019. Variation in lactoferrin gene 

affects milk lactoferrin content and somatic cell 

count in Murrah buffaloes. Indian Journal of 

Animal.Research,54(3):265274ـ.https://doi.org/1

0.18805/ijar.B-3773.   

Sosa, A.S.A., K.G.M. Mahmoud, H.A.A. Eldebaky, 

M. Kandiel, M. Abou El-Roos and M. Nawito, 

2015. Genotyping of follicle stimulating 

hormone receptor gene in fertile and infertile 

buffalo.Global.Veterinaria,15:163168ـ.https://do

i.org/10.5829/idosi.gv.2015.15.02.96166. 

Sosa, A.S.A., K.G.M. Mahmoud, M.M.M. Kandiel, 

H.A.A. Eldebaky, M.F. Nawito and M.E.A. 

Abou El-Roos, 2016. Genetic polymorphism of 

luteinizing hormone receptor gene in relation to 

fertility of Egyptian buffalo. Biotechnology: An 

Indian Journal, 12(5):1-11. 

Suchocki, T., and J. Szyda, 2015. Genome-wide 

association study for semen production traits in 

Holstein-Friesian bulls. Journal of Dairy 

https://doi.org/10.3390/ani14162382
https://doi.org/10.3390/ani11030904
https://doi.org/10.3390/ani11030904
https://doi.org/10.3390/genes13081302
https://doi.org/10.3390/genes13081302
https://doi.org/10.17221/80/2016-CJAS
https://doi.org/10.17221/80/2016-CJAS
https://doi.org/10.21608/bvmj.2022.143994.1532
https://doi.org/10.21608/bvmj.2022.143994.1532
https://doi.org/10.1111/j.1439-0388.2006.00595.x
https://doi.org/10.1111/j.1439-0388.2006.00595.x
https://doi.org/10.1038/ng.2314
https://doi.org/10.1038/ng.2314
https://doi.org/10.1071/RD09220
https://doi.org/10.1071/RD09220
https://doi.org/10.21608/bvmj.2017.31203
https://doi.org/10.21608/bvmj.2017.31203
https://doi.org/10.3389/fgene.2021.617128
https://doi.org/10.3389/fgene.2021.617128
https://doi.org/10.5713/ajas.14.0715
https://doi.org/10.5713/ajas.14.0715
https://doi.org/10.18805/IJAR.B-5182
https://doi.org/10.18805/IJAR.B-5182
https://doi.org/10.33448/rsd-v10i13.21222
https://doi.org/10.33448/rsd-v10i13.21222
https://doi.org/10.1016/j.livsci.2014.05.017
https://doi.org/10.18805/ijar.B-3773
https://doi.org/10.18805/ijar.B-3773
https://doi.org/10.5829/idosi.gv.2015.15.02.96166
https://doi.org/10.5829/idosi.gv.2015.15.02.96166


226      Khalil and EL Nagar 

 

Science,98(1):17ـ.https://doi.org/10.3168/jds.20

14-8951.   

Sulabh, S., A. Verma, I.D. Gupta and B. Kumar, 

2018. Novel SNPs in DGAT1 gene and their 

association with milk traits in Murrah buffaloes. 

Indian Journal Dairy Science, 71(2):187-192. 

Tam, V., N. Patel, M. Turcotte, Y. Bossé, G. Paré 

and D. Meyre, 2019. Benefits and limitations of 

genome-wide association studies. Nature 

Reviews.Genetics,20:467484ـ.https://doi.org/10.

1038/s41576-019-0127-1. 

Tan, X., Z. He, A.G. Fahey, G. Zhao, R. Liu and J. 

Wen, 2023. Research progress and applications 

of genome-wide association study in farm 

animals. Animal Research and One Health, 

1(1):56–77. https://doi.org/10.1002/aro2.14. 
Tanpure, T., P.K. Dubey, K.P. Singh, P. 

Kathiravan, B.P. Mishra, S.K. Niranjan and R.S. 

Kataria, 2012. PCR-SSCP analysis of leptin 

gene and its association with milk production 

traits in river buffalo (Bubalus bubalis). 

Tropical Animal Health and Production, 44: 

1587–1592. https://doi.org/10.1007/s11250-012-

0111-7.   
Toparslan, E., and L. Mercan, 2019. Genotyping of 

prolactin, kappa casein, and pituitary 

transcription factor 1 genes of the Anatolian 

water buffalo population in the Kızılırmak 

Delta. Turkish Journal of Veterinary & Animal 

Sciences,43(6):784790ـ.https://doi.org/10.3906/

vet-1907-36.  

van der Werf, J., 2013. Genomic Selection in 

Animal Breeding Programs. In: Gondro, C., van 

der Werf, J., Hayes, B. (eds) Genome-Wide 

Association Studies and Genomic Prediction. 

Methods in Molecular Biology, vol 1019: 543-

561. Humana Press, Totowa, NJ. 

https://doi.org/10.1007/978-1-62703-447-0_26. 
VanRaden, P.M., 2008. Efficient methods to 

compute genomic predictions. Journal of dairy 

science,91(11):44144423ـ.https://doi.org/10.316

8/jds.2007-0980.  

Venturini, G.C., D.F. Cardoso, F. Baldi, A.C. 

Freitas, R.R. Aspilcueta-Borquis, D.J.A.  

Santos, G.M.F. Camargo, N.B. Stafuzza, L.G. 

Albuquerque and H. Tonhati, 2014. Association 

between single-nucleotide polymorphisms and 

milk production traits in buffalo. Journal 

Genetics and Molecular Research, 134:10256-

68. 

Vohra, V., S. Chhotaray, G. Gowane, R. Alex, A. 

Mukherjee, A. Verma and S.M., Deb, 2021. 

Genome-wide association studies in Indian 

buffalo revealed genomic regions for lactation 

and fertility. Frontiers in Genetics, 

12:696109.https://doi.org/10.3389/fgene.2021.6

96109. 

Wagdy, M., E. Abdelrazek, A. Zaghloul, M.A. 

Sakr, A. Elweza and H. Elbaz, 2023. Genetic 

polymorphism of CYP19 and FSHR genes and 

their association with ovarian inactivity and 

silent heat in Egyptian buffaloes (Bubalus 

bubalis). Journal of Current Veterinary 

Research,5(1):231240ـ.https://doi.org/10.21608/

jcvr.2023.296059. 

Wang H, I. Misztal, I. Aguilar, A. Legarra and 

W.M. Muir, 2012. Genome-wide association 

mapping including phenotypes from relatives 

without genotypes. Genetics Research 

(Cambridge),94(2):7383ـ.https://doi.org/10.1017

/S0016672312000274.  

Wang, H., I. Misztal, I. Aguilar, A. Legarra, R.L. 

Fernando, Z. Vitezica, R. Okimoto, T. Wing, R., 

Hawken and W.M. Muir, 2014. Genome-wide 

association mapping including phenotypes from 

relatives without genotypes in a single-step 

(ssGWAS) for 6-week body weight in broiler 

chickens. Frontiers in genetics, 5:134. 

https://doi.org/10.3389/fgene.2014.00134. 

Wang, G., L. Hao, Y. Cheng, S. Li, Y. Zhang C. 

Lv, W. Wei, S. Huang, H. Shi and L. Dong, 

2017. Effects of GnRHR polymorphisms on 

sperm quality in Chinese water buffalo. Animal 

Reproduction.Science,186:3743 ـ.https://doi.org/

org/10.1016/j.anireprosci.2017.09.001.  

Wang, S., Y. Zhang, Y. Cheng, G. Lu, R. Yang, H. 

Geng, C. Wang, H.  Li, T. Feng, and S. Liu, 

2020. Association of SNPs in GnRH gene with 

sperm quality traits of Chinese water buffalo. 

Reproduction in Domestic Animals, 55:384392ـ. 

https://doi.org/10.1111/rda.13634. 

Weller, J., E. Ezra and M. Ron, 2017. Invited 

review: A perspective on the future of genomic 

selection in dairy cattle. Journal of Dairy 

Science,.100:86338644ـ.https://doi.org/10.3168/

jds.2017-12879. 

Wu, J.J., L.J. Song, F.J. Wu, X.W. Liang, B.Z. 

Yang, D.C. Wathes, G.E. Pollott, Z. Cheng, 

Q.Y. Shi and D.S. Liu, 2013. Investigation of 

transferability of BovineSNP50 BeadChip from 

cattle to water buffalo for genome wide 

association study. Journal Genetics and 

Molecular.Research.40:743750ـ.https://doi.org/1

0.1007/s11033-012-1932-1. 

Xiong, Z., H., Zhang, B. Huang, Q. Liu, Y. Wang, 

D. Shi and X. Li, 2018.   Expression pattern of 

prohibitin, capping actin protein of muscle Z-

line beta subunit and tektin-2 gene in Murrah 

buffalo sperm and its relationship with sperm 

motility. Asian-Australasian Journal of Animal 

Sciences,31:17291737ـ,https://doi.org/10.5713/a

jas.18.0025. 

Yang, J., S.H. Lee, M.E. Goddard and P.M. 

Visscher, 2011. GCTA: a tool for genome-wide 

complex trait analysis. The American Journal of 

Human.Genetics, 88(1):7682ـ.https://doi.org/10.

1016/j.ajhg.2010.11.011. 

https://doi.org/10.3168/jds.2014-8951
https://doi.org/10.3168/jds.2014-8951
https://doi.org/10.1038/s41576-019-0127-1
https://doi.org/10.1038/s41576-019-0127-1
https://doi.org/10.1002/aro2.14
https://doi.org/10.1007/s11250-012-0111-7
https://doi.org/10.1007/s11250-012-0111-7
https://doi.org/10.3906/vet-1907-36
https://doi.org/10.3906/vet-1907-36
https://doi.org/10.1007/978-1-62703-447-0_26
https://doi.org/10.3168/jds.2007-0980
https://doi.org/10.3168/jds.2007-0980
https://doi.org/10.3389/fgene.2021.696109
https://doi.org/10.3389/fgene.2021.696109
https://doi.org/10.21608/jcvr.2023.296059
https://doi.org/10.21608/jcvr.2023.296059
https://doi.org/10.1017/S0016672312000274
https://doi.org/10.1017/S0016672312000274
https://doi.org/10.3389/fgene.2014.00134
https://doi.org/org/10.1016/j.anireprosci.2017.09.001
https://doi.org/org/10.1016/j.anireprosci.2017.09.001
https://doi.org/10.1111/rda.13634
https://doi.org/10.3168/jds.2017-12879
https://doi.org/10.3168/jds.2017-12879
https://doi.org/10.1007/s11033-012-1932-1
https://doi.org/10.1007/s11033-012-1932-1
https://doi.org/10.5713/ajas.18.0025
https://doi.org/10.5713/ajas.18.0025
https://doi.org/10.1016/j.ajhg.2010.11.011
https://doi.org/10.1016/j.ajhg.2010.11.011


Egyptian J. Anim. Prod. (2025)                                                   227 
Yates, A.D., P. Achuthan, W. Akanni, J. Allen, J. 

Alvarez-Jarreta, M.R. Amode, I.M. Armean, 

A.G. Azov, R. Bennett and J. Bhai, 2020. 

Ensembl 2020. Nucleic acids research, 48(D1): 

D682-D688. https://doi.org/10.1093/nar/gkz966. 
Yin H, C. Zhou, S. Shi, L. Fang, J. Liu, D. Sun, L. 

Jiang and S. Zhang 2019. Weighted Single-Step 

Genome-Wide Association Study of semen 

traits in Holstein bulls of China. Frontiers in 

Genetics.10:1053..https://doi.org/10.3389/fgene.

2019.01053. 

Yuan, J., J. Zhou, X. Deng, X. Hu, and N. Li, 2007. 

Molecular cloning and single nucleotide 

polymorphism detection of buffalo DGAT1 

gene. Biochemical Genetics, 45:611-621.  

https://doi.org/10.1007/s10528-007-9100-3. 
Zetouni, L., G.M.F. De Camargo, P.D. Da Silva 

Fonseca, F.M.M. Gil, N.A.H. Lugo, R.R.  

Aspilcueta-Borquis, M. Cervini, and H. Tonhati, 

2013. Effects of a single nucleotide 

polymorphism in the leptin gene on the 

productive traits of dairy buffaloes Bubalus 

bubalis. Molecular BiologyReports, 

01ـhttps://doi.org/10.1007/s11033.5163ـ40:5159

3-2618-z. 

Zetouni, L., G.M.F. De Camargo, P.D. Da Silva 

Fonseca, D. F. Cardoso, F.M.M., Gil, N.A. 

Hurtado-Lugo, R.R. Aspilcueta-Borquis, M. 

Cervini, and H. Tonhati, 2014. Polymorphisms 

in the MTRN1A gene and their effects on the 

productive and reproductive traits in buffaloes. 

Tropical Animal Health and Production, 

0ـ013ـhttps://doi.org/10.1007/s11250.340 ـ46:337

493-1 .  

Zhang Z, J. Liu, X. Ding, P. Bijma and de D.J. 

Koning, 2010. Best Linear Unbiased Prediction 

of Genomic Breeding Values using a trait-

specific marker-derived relationship matrix. 

PLoS.ONE5(9):e12648.https://doi.org/10.1371/j

ournal.pone.0012648. 

Zhang, Z., M.  Erbe, J. He, U. Ober, N. Gao, H. 

Zhang, H. Simianer and J. Li, 2015. Accuracy 

of whole‐genome prediction using a genetic 

architecture‐enhanced variance covariance 

matrix.G3(Bethesda),5(4):615627ـ.https://doi.or

g/10.1534/g3.114.016261. 

 

 

التحسين الوراثي للصفات الإقتصادية في الجاموس: مقالة   في   GWASالإرتباطات على مستوى الجينوم إستخدام

 مرجعية
 

 أيمن جمال فوزي النجار  ،ماهر حسب النبي خليل
 

 مصر   -قسم الإنتاج الحيواني، كلية الزراعة، جامعة بنها 
 

على  تطبيقة  تم  لو  فيما  أطول  وقتاً  ويستغرق  تكلفة  أكثر  المتقدمة  بالدول  الماشية  في  المُطبق  التقليدي  النسل  إختبار  برنامج  يعُد 

النامية. في الوقت الحاضر، لا تزال دراسات الإرتباط على مستوى الجينوم للصفات الإقتصادية في   (GWAS) الجاموس في الدول 

  الجاموس محدودة جداً مقارنةً بما هو موجود في ماشية اللبن. وتعتمد هذه الطريقة الجينومية على دراسة الجينوم الكامل للجاموس لتحديد 

خاصة بالجاموس حالياً قد   (90K array) متوسطة الكثافة SNP الجينات المرتبطة بالصفات ذات الأهمية الاقتصادية. ومع توفر منصة

جينومية مع البيانات المظهرية، وبالتالي تحسين دقة تقييم أفراد الجاموس وتسريع برامج التحسين  يكون ذلك مفيداً لدمج المعلومات  ال

بدراسات.الوراثي الخاصة  التطبيقات  مع  المنهجية  البحث  هذا  الأتي GWAS يهدف  لتحقيق  الجاموس  المواقع  1  :في  في  البحث   )

الذبيحة،   النمو وصفات  التناسل، خصائص السائل المنوي،   (2الإلكترونية عن الجينات المرشحة أن تكون مرتبطة بصفات الإدرار، 

والواسمات الوراثية  SNP ( التعريف بالرقائق3على الجاموس ،    QTL     ،GWASسلوب التحليل باستخدام  إإستعراض كيفية تطبيق  

،  GWAS ( توضح كيفية تداول قواعد البيانات الجينومية والبرمجيات الخاصة بتحليلات  GWAS  ،4  الضروروية لإجراء تحليلات 

 "( عمل مخططات "مانهاتنGWAS  ،6 لتحليل بيانات   (Single-step GWAS) ة ذات الخطوة الواحد GWAS ( تطبيق طريقة5

(Manhattan plots)   نتائج الم  GWAS  بإستخدام  الجينات  دور  الإقتصادية،  رلتحديد  الصفات  في  التحكم  في  إستعراض  7شحة   )

( تقدير القيم التربوية 8في دراسات الجاموس المصري وغير المصري،   GWAS الجينات المرشحة التي تم تحديدها بواسطة تحليلات

الجينومي   (GEBV) الجينومية الإنتخاب  والمجدولة9،(GS) وتطبيق  المقدرة  الجينومية  التربوية  القيم  إستخدام  يمكن  عملياً،   ) 

(GEBV)   في الدراسات المصرية السابقة لإناث وطلائق الجاموس المصري المرباه بالقطعان التابعة لمعهد بحوث الإنتاج الحيواني 

(APRI)  التي تم تقييمها للصفات الإقتصادية ضمن المشروعات البحثية الممولة من هيئة تمويل العلوم والتكنولوجيا والإبتكار STDF 

 .في الجاموس المصري GWAS تمهيدا لإستخدامها كآباء في برامج التحسين الوراثي الجينومي بإستخدام نهج
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