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Abstract

With a view to detecting the genotypes of both k-CN and B-LG genes in native populations of Egyptian buffalo
using PCR-RFLP technique, 80 randomly, individuals were selected from five geographical locations of some
Egyptian provinces. Also, to estimate the population genetic parameters such as, allelic and genotypic
frequencies, heterozygosity, and inbreeding coefficient (Fis) of these studied genes. For genotyping, 453 bp PCR
product of k-CN was digested with Acul and HpyCH41IV (Isoschizomer for Maell) restriction enzymes while the
247 bp PCR product of B-LG was digested with Haelll restriction enzyme. PCR-RFLP results discovered
polymorphism at the level of k-CN gene in all studied Egyptian buffaloes with two distinct alleles “A” and “B”.
PCR-RFLP analysis for k-CN gene using both restriction enzymes successfully detected that polymorphic status
of the studied populations. We recommended using Acul enzyme which was more capable for differentiating
between homozygous (17%) and heterozygous (83%) individuals than HpyCH4IV enzyme which defined only
4% of homozygous individuals and the remaining was heterozygous (96%) individuals. Existence of
heterozygosity excess in all studied populations referred to higher degree of genetic variability between
individuals within these populations. On contrary, results of PCR-RFLP at the level of B-LG gene revealed a
monomorphic pattern of Egyptian buffaloes and genotyped as “AA” animals which signified that PCR-RFLP
assay with Haelll enzyme for B-LG gene failed to discover any evidence of polymorphism in Egyptian buffalo
under the circumstances of this study or all studied animals possess only one allele.
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1. Introduction

Buffalo has an economic value as multi-purpose animal particularly, in developing countries and plays a
significant role through its contribution in many agricultural aspects. Buffaloes are ubiquitous distributed animal;
they are stationed mostly in Asia, Africa, Americas and some European countries. According to FAO (2019), the
world population of buffalo in 2017 was estimated to be 200,967,747 head, of which 97.4% are in Asia, 1.7% is
in Africa, almost entirely in Egypt, 0.7% is in Americas, and 0.2% is in Europe. The largest number of buffaloes
is found in India and Pakistan (113,329,671 and 37,700,000 head, respectively). Genus of Water or Asian
buffaloes (Bubalus) are broadly classified into two main different subspecies, known as the River and Swamp
types, based on their morphological, behavioral and geographical criteria (Cockrill, 1981; Groeneveld et al.,
2010).

Water river buffalo (Bubalus bubalis) is one of the important livestock animals in many regions of the developing
countries. In Egypt, river buffalo is variably distributed all over the Nile valley and Nile delta (Hassanein et al.,
2013). In 2017, the total number of Egyptian buffalo is 3,375,727 head. Approximately, 31% of buffalo population
is found in three governorates, i.e., EI-Sharqia, El-Behaira, and El-Menoufia as reported by FAO (2019).

Buffaloes play a vital role in the agricultural economy sector of numerous countries, especially in Egypt. Also,
Buffaloes distinguished by their high immunity, adaptation with harsh climates and they are known as better
converter of poor-quality roughage into milk and meat, contributing about 44.26% and 36% of Egypt’s milk and
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meat production, respectively (Borghese & Mazzi, 2005; Patel et al., 2007; Perera, 2011; Hassanein et al., 2013;
Riaz, 2013; Hamad et al., 2014; FAO, 2019).

The discovery of DNA-level polymorphism in 1980s and its subsequent use as molecular markers has renewed
interest in the use of genetic markers in selection of breeding stocks (Naqvi, 2007). The concept of marker
assisted selection (MAS) refers to utilizing the information of polymorphic loci as an aid to selection; onwards of
the 1990s, breeders used gene marker technology in the form of MAS to eliminate deleterious gene alleles or to
select favorable conditions based on some marker information (Eggen, 2012). Through MAS of dairy livestock,
some genes are suggested as potential candidates associated with dairy performance traits. Among different
candidates, genetic variants of caseins (CN;) and B-Lactoglobulin (B-LG) have been extensively studied, and
reported as important factors associated with lactation performance, milk composition and cheese yield
efficiency (Hussain & Twayej, 2016).

As reported by Lara et al., 2002, many invistigators (Golijow et al., 1999; Kemenes et al., 1999), are focusing on
detecting milk protein polymorphisms as a potential tool for genetic choice and genetic characterization of
bovine breeds. Until now, several types of molecular markers have been utilized to evaluate DNA
polymorphisms, e.g. restriction fragment length polymorphisms (RFLPs), which were the first DNA-based
marker for constructing genetic linkage maps; and by combining this method with PCR (PCR-RFLP), genetic
polymorphisms of most important genes had been detected. The progress of PCR-RFLP technique enabled fast
analysis of the polymorphisms of virtually unlimited number of genes, including that coding kappa casein (k-CN)
and B-LG genes (Yang et al., 2013). Nowadays, genetic marker research applied to animal breeding and
production is concentrated mainly on analyzing mutations located within candidate genes and their relation with
economically substantial traits (Awad et al., 2016).

Genetic distance is a measure of the genetic divergence between species or between populations within a species
(Nei, 2001) and measures the accumulated number of gene (alleles) differences per locus between the two
populations. There are various molecular markers data that can be used for measuring genetic distance, such as
restriction analysis data, (RAPD) data, and microsatellite DNA data (Nei, 1972; Nei & Takezaki, 1983). This
progression has been motivated, at least in part, by a search for loci with more variation. Loci with many alleles,
such as microsatellite loci, have unprecedented ability to detect and describe genetic differences between
populations (Kalinowski, 2005).

The present study aimed to detect genotypes of k-CN and B-LG genes of Egyptian buffaloes and to estimate the
population genetic parameters of these genes.

2. Materials and Methods
2.1 Location

This study was carried out at Biotechnology Laboratory of Animal Production and Fish Resources Department,
Faculty of Agriculture, Suez Canal University; Ismailia, Egypt.

2.2 Samples Collection and DNA Extraction

Data were collected in agreements with ethical standards, and safety guide procedures. 80 randomly blood
samples were collected from five geographical locations of some Egyptian provinces as mentioned in Table 1.
Approximately 5 ml of blood was drawn per animal, in “K;-EDTA” (an anticoagulant) coated sterile vacutainers
and immediately preserved in a well-insulated icebox containing ice cool pack until reaching to the laboratory
then stored at -20 °C to the time of DNA extraction. Genomic DNA was isolated from the whole blood using
commercial purification kit, (Quick-gDNA™ MiniPrep). DNA concentration and purity was estimated using
NanoDrop (Spectrophotometer ND-1000). DNA concentrations ranged from (20 to 30 ng/ul), with a purity ratio
from 1.7 to 1.9 which was considered as a high DNA purity.

Table 1. List of farms used in the present study

Location/Farm Animals No./Farm
Farm of Agriculture College, Cairo University (C.F.) 20
Kafr El-Sheikh Agricultural Research Station (K.S.) 29
Farm of Agriculture College of Shebeen El-Kom, Menoufia University (Sh.F.) 10
Ismailia Agricultural Research Station (I.S.) 11
Sids Research Station, Beni Suef Governorate (S.S.) 10
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2.3 PCR-RFLP Assay
2.3.1 PCR Amplification

Hence, a high degree of nucleotide sequence conservation between cattle and river buffalo were recorded, the
primers used in this study are basically of cattle origin (Othman et al., 2011). Many investigators designed the
primers according to cattle gene sequence (Medrano & Aguilar-Cordova, 1990a; Medrano & Aguilar-Cordova,
1990b; Barroso et al., 1998; Miluchova et al., 2012) to be used in buffalo (Patel et al., 2007; Riaz et al., 2008; El
Nahas et al., 2013; El Nahas & Abou Mossallam, 2015). Primers sequences of studied genes used in this study
are presented in Table 2. The target sequences of k-CN and B-LG genes were amplified with Polymorphism
chain reaction (PCR) as described by Barroso et al. (1998); Miluchova et al. (2012), using genomic DNA
extracted from individual animals. PCR was carried out in a final reaction volume of 25 pl. PCR mixture placed
in 0.2 ml thin wall PCR tubes. PCR reaction consisted of 5 pul of genomic DNA, 12.5 pul 2x of MyTaq Red Mix
Master mix, 0.5 pl of each forward and reverse primers and 6.5 pul DNase free water. The PCR program was as
following, 94 °C for 5 min., followed by 35 cycles of 94 °C for 1 min., 60 °C for 1 min. and 72 °C for 2 min. and
final extension step at 72 °C for 10 min. PCR product of 453 bp and 247 bp were yielded for k-CN and B-LG
genes, respectively. Checking of the quality of these PCR products was confirmed by loading 5 ul of each PCR
product on 3% agarose gel (80 ml) after staining with 0.5 pl of ethidium bromide (10mg/ml) in 1x TAE as a
running buffer at a voltage of 100 v, 40 mA for two hours. The amplified product was visualized as a single
compact fluorescent band of expected size under UV light and photographed using Nikon (D3400) digital
camera and then comparing the resulted band size with 100 bp ladder DNA marker.

Table 2. Primers sequences for k-CN and B-LG genes

Gene Sequence of used primer References
N F 5-TGTGCTGAGTAGGTATCCTAGTTATGG-3" Medrano and Aguilar-Cordova (1990a); Barroso et al. (1998); Riaz et al. (2008);
K-
R 5'-GCGTTGTCTTCTTTGATGTCTCCT-3' El Nahas et al. (2013); El Nahas and Abou Mossallam (2015)
F 5'-TGTGCTGGACACCGACTACAAAAAG-3' . .
B-LG Medrano and Aguilar-Cordova (1990b); Patel et al. (2007); Miluchova et al., (2012)

R 5'-GCTCCCGGTATATGACCACCCTCT-3'

2.3.2 RFLP Analysis for PCR Products
(1) Digestion by Restriction Enzymes

PCR products were subjected to digestion by restriction enzymes (New England Biolabs;,.", USA) suitable for
each gene. For genotyping, the 453 bp PCR product of k-CN was digested with both Acul and HpyCH41V
(Isoschizomer for Maell) restriction enzymes (80 and 78 PCR product samples for each enzyme, respectively)
while the 247 bp PCR product of B-LG was digested with Haelll restriction enzyme (80 PCR product samples)
as given in Table 3.

Table 3. Restriction enzymes used and their recognition sites

Gene Used Enzyme Recognition site Reference
5'...CTGAAG(N),4"...3'

on Ak Y. GACTTCN)y 5 Comesetal GO
HpyCH4IV 5...ATCGT...3' Riaz et al. (2008)
e 3.TGCALs  TEEREEE
5...GGYCC...3' )
B-LG Haelll 3...CCoGG...5" Riaz (2013)

After the end of incubation period, the reaction was ended by putting PCR tubes in crushed ice for minutes, and
then stored at -20 °C until running on agarose gel 3% for genotyping.

(2) Agarose Gel Electrophoresis of Restricted Products

Restricted products were examined by running 15 pl of digested PCR product from each tube on 3% agarose gel
(80 ml) after staining with 0.5 pl of ethidium bromide (10 mg/ml) in 1x TAE as a running buffer at a voltage 100
v, 40 mA for two hours. The restricted fragments sizes were determined by comparing with 50 and100 bp
standard ladder DNA marker for -LG and «-CN, respectively.
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(3) Determination of Genetic Variants

For detection of k-CN and B-LG genotypes, resulted bands of restricted products were analyzed manually by
comparing with the standard DNA ladder co-migrated in the same gel and define the corresponding genotype
according to literature review data. Detected fragments sizes corresponding to different k-CN and B-LG
genotypes after digesting PCR products with different restriction enzymes are summarized in Table 4.

Table 4. Detected fragments size corresponding to different k-CN and B-LG genotypes using PCR-RFLP
technique

Fragments size (bp) after

Gene Restriction Enzyme (RE) Genotype digestion PCR Product References
with restriction enzyme
Aeul AA 453 bp (uncut product) El Nahas et al. (2013); EI Nahas and Abou Mossallam (2015)
cu
AB 453,339, and 114 bp
KON mmmmmmm oo oo s s oo oo
BB 254 and 199 bp Riaz et al. (2008)
Hpych41V
AB 453, 254 and 199 bp
B-LG Haelll AA 148 and 99 bp Patel et al. (2007) and Miluchova et al. (2012)

2.4 Statistical Analysis

Allelic frequencies, observed (H,) and expected (H.) heterozygosity, and inbreeding coefficient (Fis) per locus
and population were calculated using FSTAT for windows, version 2.9.3.2 (Goudet, 2002). Genotypic
frequencies per locus and population were calculated manually with the formula given below:

Frequency of observed heterozygotes = Heterozygote Number/Total Number of Individuals

The distance tree analysis of the detected alleles of all gene loci for studied populations was carried out. A rooted
genetic dendrogram was constructed by Nei (1972). POPTREE2 program version 2.0 (Takezaki et al., 2010) was
used to perform evolutionary analyses of allele frequency data.

3. Results and Discussion
3.1 Detection of Polymorphism and Genetic Variants of k-CN and p-LG Genes Using “PCR-RFLP” Technique
3.1.1 PCR Amplification

A single compact band of 453 bp and 247 bp for k-CN and B-LG, respectively was observed under UV light as
depicted in Figures 1 and 2.

Figure 1. PCR product of k-CN (453 bp) and f-LG (247 bp) genes. M Lane: 100 bp DNA ladder. Animals codes
73 and 74. Run conditions: agarose gel 1% for 60 min at 100 v and 40 mA
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Figure 2. PCR product of k-CN (lanes from 4 to 7) and B-LG (lanes 1 and 2) genes. M Lane: 100 bp DNA ladder.
Animals codes 46 to 49. Run conditions: agarose gel 3% for 120 min at 100 v and 40 mA

3.1.2 RFLP Analysis Results
(1) RFLP analysis for PCR products of k-CN gene (453 bp)
(a) Restriction Results Using Acul Enzyme

After digestion of 453bp PCR products by Acul enzyme, restricted products were loaded on 3%agarose gel for
two hours at 100v and 40 mA. Results of gel electrophoresis referred to existence of polymorphism at k-CN gene
with the following fragments patterns: The unrestricted band of 453 bp for homozygotes “AA” and three bands
of 453, 339, and 114 bp for heterozygotes “AB” as observed in Figures 3 and 4.

(b) Restriction Results Using HpyCH41V Enzyme

Digestion with HpyCH41IV enzyme yielded two patterns of restricted products (254 and 199 bp) for homozygotes
“BB” and (453, 254 and 199 bp) for heterozygotes “AB” as detected in Figure 4.

L& L1

Ll 12 13 L4 L5 L7 L8 L9
El &2 o Jll o |

em— S ey S . 453bp

114bp

Figure 3. Gel electrophoresis for restricted fragments of k-CN gene digested with Acul enzyme. M Lane: 100 bp
DNA ladder. Animals codes 61 to 70. Lanes from L2 to L6, L8 and L10 represent AB genotype (453, 339, and
114 bp) while Lanes No. 7 and 9 represent AA genotype (453 bp; uncut product). Run conditions: agarose gel
3% for 120 min at 100 v and 40 mA
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Figure 4. Gel electrophoresis for restricted fragments of k-CN gene digested with Acul enzyme which
represented only by sample code 64, Lane: 1 (L1). While the remaining lanes from L2 to L9 represent the
restricted fragments of k-CN gene digested with HpyCH4IV enzyme; L2 to L8 represent “AB” genotype (453,
254 and 199 bp) while L9 represents “BB” genotype (254 and 199 bp). M Lane: 100 bp DNA ladder. Animals
codes 12 to 19. Run conditions: agarose gel 3% for 120 min at 100 v and 40 mA

The results of the present study revealed a genetic polymorphism of k-CN gene by using PCR-RFLP technique
with Acul enzyme in agreement with El Nahas et al. (2013) and El Nahas and Abou Mossallam (2015) but only
by detecting two genotypes “AA” and “AB” with the absence of “BB” genotype. While, El Nahas et al. (2013)
and El Nahas and Abou Mossallam (2015) identified three genotypes “AA”,”BB” and “AB”.

PCR-RFLP results using Acul enzyme disagreed with the majority of reviewed PCR-RFLP studies conducted by
Hindlll , Hinfl or Maell restriction enzymes which concluded that, all Egyptian buffaloes were monomorphic
and genotyped as homozygous “BB” animals as reported by Othman (2005); El-Rafey and Darwish (2008); and
Abdel Dayem et al. (2009). Similar results were also noticed, in Pakistani buffalo (Riaz et al., 2008; Ghafoor et
al., 2015), in Indian buffalo (Gangaraj et al., 2008; Shende et al., 2009; Nair et al., 2011; George et al., 2018), in
Brazilian buffalo (Otaviano et al., 2005), in Chinese water buffalo (Ren et al., 2011) , in Iraqi buffalo (Jaayid et
al., 2013), in Anatolian water buffalo breed (Cinar et al., 2016), in swamp and river Indonesian buffaloes
(Margawati et al., 2016), in Cuban buffalo (Marrero et al., 2016), and in Iranian buffalo (Abbasi et al., 2009).

The results of PCR-RFLP technique with HpyCH4IV enzyme revealed a genetic polymorphism of k-CN gene
with genotypes “BB” (254 and 199 bp) and “AB” (453, 254 and 199 bp). These results disagreed with Riaz
(2013) who characterized Pakistani buffalo by using Maell restriction enzyme (Isoschizomer for HpyCH41V) as
monomorphic animals with only “BB” genotypes (254 and 199 bp).

Coincidence with results of HpyCH4IV enzyme, Gouda et al. (2013) also found genetic polymorphism in
Egyptian buffalo using PCR-RFLP with HindIll restriction enzyme after digesting of 379 bp PCR product of
k-CN gene with “BB” and “AB” genotypes. Similar results were observed in Indian River buffalo bulls (Patel et
al., 2007). On the other hand, Lin et al. (2013) detected three genotypes “AA”, “BB” and “AB” in water buffalo
breeds.

(2) RFLP Analysis for PCR Products of B-LG Gene (247 bp)

The amplified PCR products of B-LG gene (247 bp) digested by Haelll restriction enzyme yielded only one
pattern of restricted product (148 and 99 bp) for homozygotes “AA” as depicted in Figure 5, which indicated that
all tested animals were monomorphic for B-LG gene. These findings signified that PCR-RFLP assay with Haelll
enzyme for B-LG gene may be failed to discover any evidence of polymorphism in Egyptian buffalo comparing
to Cattle or all studied animals actually possess only one allele.
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Figure 5. Gel electrophoresis for restricted fragments of B-LG digested with Haelll enzyme. M Lane: 50 bp
DNA ladder. Animals codes 74 to 80. All lanes represent “AA” genotype (148 and 99 bp). Run conditions:
agarose gel 3% for 120 min at 100 v and 40 mA

Some authors reported the same monomorphic pattern of B-LG gene by using PCR-RFLP with Haelll enzyme
through digesting different amplicon sizes such as, Ren et al. (2011) who used PCR-RFLP technique with Haelll
enzyme for digesting 252 bp of amplified PCR product and detected only one type of restricted pattern with
three fragments of 108, 74 and 70 bp, assigned as homozygous “BB” genotype for all Chinese water buffalo.
Likewise, Nualchuen et al. (2012) detected only one restricted fragments pattern yielded five fragments of 113,
99, 89, 73 and 24 bp of digested 398bp of amplified PCR product (spanning over 104 bases of exon IV and 294
bases of intron I'V) for all Swamp and Murrah buffaloes.

On contrary to these results, Gouda et al. (2011) applied PCR-RFLP technique with Haelll enzyme to digest of a
262 bp PCR product of exon IV and intron IV, which resulted in polymorphic locus of B-LG gene in Egyptian
buffaloes, with the presence of three types of restriction patterns: three fragments of 109, 79 and 74 bp as “BB”
genotype, four fragments of 154, 109, 79 and 74 bp as “AB” genotype and the last pattern, a rare genotype, “BC”
that had three fragments of 154, 79 and 74 bp.

In coincidence with these observations, in India, Nair et al. (2011) detected only one type of restricted patterns
for all their examined Nagpuri buffaloes representing the heterozygous genotype “AB” through applying
PCR-RFLP technique of a 247 bp PCR product with Haelll enzyme and consequently the presence of two
genetic variants “A” and “B” in their population, i.e., Nagpuri buffaloes possess genetic polymorphism at f-LG
gene locus but with only single restricted fragments pattern.

Results were disagreed with some other investigations performed on different buffalo breeds which revealed the
polymorphism at B-LG gene locus with two genetic variants “A” and “B” by applying PCR-RFLP with Haelll
enzyme of 247 bp PCR product as Patel et al. (2007); Karimi et al. (2009); Cinar et al. (2016).

(3) Determination of Compacted Genotypes

The DNA patterns arising from the digestion of 453bp PCR of k-CN gene with Acul and HpyCH4IV enzymes
were combined to create new synthesized genotype (Compacted genotype) for each animal possess two
restriction patterns of the restricted enzymes as reviewed by Barroso et al. (1998). Identification of compacted
genotypes required the combined information of the two enzymes. Cumulative restriction pattern through
restriction analysis of k-CN gene indicated different genotypes using two restriction enzymes are presented in
(Table 5). These compacted genotypes were created through mixing of the following restricted patterns of DNA:
The heterozygous fragments pattern of Acul and HpyCH4IV enzymes were “C” (453, 339 and 114 bp) and “F”
(453, 254 and 199 bp), respectively. The monomorphic undigested fragment pattern (453 bp) was “A” variant for
Acul enzyme and “D” variant for HpyCH41IV enzyme, while the monomorphic digested fragment pattern was
“B” (339 and 114 bp) and “E” (254 and 199 bp) for Acul and HpyCH41IV enzymes, respectively.

As clarified in Table 5, three detected combinations were detected according to results of PCR-RFLP analysis as
“AF”, “CE” and “CF” genotypes.
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Table 5. Cumulative restriction pattern analysis of k-CN gene

Cumulative restriction pattern analysis

Compacted Genotypes

Acul Enzyme HpyCH41V Enzyme
AD 453 - - 453 - -
AE 453 - - - 254 199
AF* 453 - - 453 254 199
BD - 339 114 453 - -
BE - 339 114 - 254 199
BF - 339 114 453 254 199
CD 453 339 114 453 - -
CE* 453 339 114 - 254 199
CF* 453 339 114 453 254 199

Note. (*) refers to genotypes detected in the present study in bp.

3.2 Allelic and Genotypic Frequencies of Studied Genes
(1) Allelic and Genotypic Frequencies of k-CN Gene

Two distinct alleles “A” and “B” were detected in all examined animals either through digesting with Acul or
HpyCH4IV enzymes. According to results of gel electrophoresis for restricted fragments of Acul enzyme, “A”
allele was the predominance allele within all farm locations with allelic frequencies ranged from 0.52 to 0.62,
while “B” allele had a lower allelic frequencies with values ranged from 0.38 to 0.48 as illustrated in Table 6. In
this study, the overall values of allelic frequencies of “A” and “B” were 0.58 and 0.42, respectively. The same
results were mentioned by El Nahas et al. (2013) with 0.57 and 0.43, respectively.

Acul results showed that, two genotypes were observed “AA” and “AB” genotypes, with the absence of
homozygous “BB” animals. 70 to 95% of the examined animals were heterozygous with average value of 83%
and genotyped as “AB”, while the observed genotypic frequencies of homozygous “AA” ranged from 5 to 30%
with average value of 17% as mentioned in Table 7. On contrary, El Nahas et al. (2013) noticed rare frequency of
homozygous “BB” (0.06), but also reported the predominance of heterozygous “AB” with frequency of 0.65.

According to results of PCR-RFLP with HpyCH4IV enzyme, “A” and “B” alleles had an equal allelic frequency
(0.5) in most farms. The lowest value of “A” allele (0.42) recorded in C.F. farm as given in Table 6.
Heterozygous genotype “AB” was the most frequent genotype among all locations with overall value close to
one, while the monomorphic genotype “BB” was noticed in extremely low frequency (0.04) and “AA” genotype
was absent as shown in Table 7. These findings disagreed with Gouda et al. (2013) who reported that 75% of
Egyptian buffaloes had the monomorphic “BB” genotype and only 25% of individuals was heterozygotes “AB”
with the predominance of “B” allele (0.875) according to PCR-RFLP results of Hindlll restriction enzyme.
Likewise, Patel et al. (2007) concluded that homozygous genotype “BB” (0.968) was the most frequent genotype
comparing to “AB” genotype (0.032) in Indian River buffalo bulls and the frequency of “B” allele was (0.984).

On contrary to these findings, most studies conducted to identify the allelic and genotypic frequencies of k-CN
gene of Egyptian buffaloes using PCR-RFLP method with Hindlll and Hinfl enzymes recorded only the
existence of the monomorphic “BB” genotype with allelic frequency of “B” allele equal to one (Othman, 2005;
El-Rafey & Darwish, 2008; Abdel Dayem et al., 2009).

With the same gene primers, Riaz et al. (2008) and Abbasi et al. (2009) reported that (453 bp) amplified PCR
product of k-CN gene yielded only fragments pattern of homozygous and genotyped as monomorphic “BB”
(1.00) with Hinfl, Haelll and Maell restriction enzymes in Nili-Ravi buffaloes of Pakistan and Hinfl restriction
enzyme in buffaloes of Khouzestan province of Iran, respectively.

Similar results of monomorphic “BB” were obtained in Nili-Ravi buffaloes using PCR-RFLP analysis with of
(443 bp) fragment of PCR product of k-CN with HindIlI restriction enzyme as reported by Ghafoor et al. (2015).
Also, the restriction digestion analysis of (350 bp) PCR product of k-CN with Hinfl enzyme referred to the
presence of only one genotype of “BB” in Nagpuri buffaloes of India as mentioned by Nair et al. (2011).

The cumulative genotypic pattern results using two restricted enzymes (Acul and HpyCH41IV enzymes) observed
from the digestion of k-CN gene fragment clarified that heterozygous combinations “CF” were the most obvious
through all studied buffalo populations and ranged from 0.70 to 0.91 (Table 7), which referred that all studied
populations of Egyptian buffaloes were polymorphic animals. On contrary, Riaz (2013) applied the cumulative
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genotypic pattern using three enzymes Hinfl, Haelll and Maell and noticed the existence of only “BB”
genotype.

Table 6. Allelic frequencies of k-CN and B-LG gene in Egyptian buffaloes

Allelic frequencies of studied Populations

Gene Locus Alleles CT KS. ShE IS Ss. Overall
B-LG Haelll A 1.00 1.00 1.00 1.00 1.00 1.00
””””””””” ;1 ’C;I"’"""’""A""""’"63’2"""’d’6’2"’""()fé()""m’0’.’5’5’"""6’6’1’"""658""’"
B 0.48 0.38 0.40 0.46 0.39 0.42
prCH4IV """" A 042 048 050 050 050 048
con T B 058 052 050 050 0S0 053
A 0.25 0.12 0.15 0.46 0.11 0.20
Created Alleles C 0.25 0.38 0.35 0.04 0.39 0.28
E 0.07 0.02 0.00 0.00 0.00 0.02
F 0.43 0.48 0.50 0.50 0.50 0.48

Note. (B-LG) beta Lactoglobulin gene; (k-CN) kappa casein gene; (C.F.) Farm of Agriculture College of Cairo
University; (K.S.) Kafr El-Sheikh Agricultural Research Station, (Sh.F.) Farm of Agriculture College of Shebeen
El-Kom, Menoufia University; (I.S.) Ismailia Agricultural Research Station; (S.S.) Sids Research Station, Beni
Suef Governorate.

Table 7. Observed numbers of genotypes and genotypic frequencies of k-CN and B-LG gene in Egyptian
buffaloes

Observed numbers and Genotypic frequencies of studied Populations

Gene Locus Observed CF. K.S. Sh.F. LS. SS. Overall
Genotypes
Obs. F. Obs. F. Obs. F. Obs. F. Obs. F.
B-LG Haelll AA 100 1.00 100 1.00 1.00 1.0 100 1.00 100 1.00 1.00
o AA 1 0.05 6 021 2 0.20 1 0.09 3 030 0.17
. AB 19 095 23 079 8 0.80 10 091 7 070 083
BB 3 0.17 1 0.03 0 0.00 0 000 0 000 0.04
HpyCH41V
K-CN AB 15 083 28 097 10 1.00 1 1.00 10 1.00 096
AF 1 0.05 6 021 2 0.20 1 0.09 3 030 0.17
Compacted - 3 0.17 1 0.03 0 0.00 0 0.00 0 0.00 0.04
Genotypes
CF 14 078 2 076 8 0.80 10 091 7070 0.79

Note. (Obs.) Observed Number, (F.) Frequency; (B-LG) beta Lactoglobulin gene; (k-CN) kappa casein gene;
(C.F.) Farm of Agriculture College of Cairo University; (K.S.) Kafr El-Sheikh Agricultural Research Station,
(Sh.F.) Farm of Agriculture College of Shebeen El-Kom, Menoufia University; (I.S.) Ismailia Agricultural
Research Station; (S.S.) Sids Research Station, Beni Suef Governorate.

(2) Allelic and Genotypic Frequencies of B-LG Gene

In the current study, all studied buffaloes were monomorphic for B-LG gene and genotyped as homozygous
“AA” (100%) with “A” allelic frequency of 1.00 as given in Tables (6) and (7). Similar monomorphic results but
with different genotype were noticed by Ren et al. (2011) and Nualchuen et al. (2012) using different amplicon
sizes with genotypic frequencies equal to one.

These results disagreed with Gouda et al. (2011) who found three alleles “A”, “B” and “C” in Egyptian buffaloes
through digesting of 262 bp PCR product of exon IV and intron IV using Haelll enzyme. “B” allele had the
largest frequency of 0.917, while “A” allele had a lower value (0.055) followed by “C” allele with (0.028).
Homozygous genotype “BB” was the predominant genotype (0.833) with rarely observed heterozygous
genotypes “AB” (0.111) and “BC” (0.055) and the absence of homozygous “AA” genotype. Also, the dominance
of “BB” genotype (0.66) was reported by Karimi et al. (2009). On contrary, Patel et al. (2007) and Cinar et al.
(2016) noticed the predominance of heterozygous “AB” with genotypic frequencies of 0.586 and 0.698,
respectively.
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As well as, some other investigations conducted on different buffalo breeds found two alleles “A” and “B” for
B-LG gene, some of them recorded the predominance of “B” allele with values of 0.595 and 0.8125 as reported
by Patel et al. (2007) and Karimi et al. (2009), respectively. From the other hand, Riaz (2013) and Cinar et al.
(2016) found that “A” allele was the most frequent allele in Nili-Ravi and Anatolian water buffaloes with values of
0.64 and 0.603 respectively. Whereas, Nair et al. (2011) detected only the heterozygous genotype “AB” (100%)
and the allelic frequency of 0.5 for each allele; “A” and “B” of B-LG in all Nagpuri buffaloes of India.

3.3 Heterozygosity and Inbreeding Coefficient (Fig) of k-CN Gene

Results of Table 8 showed that all observed heterozygosity estimates (H,) of k-CN gene per loci within
populations are significantly higher than those of biased (H.) and non-biased (H,;) expected heterozygosity
which is considered as an indication of heterozygosity excess in all populations, i.e., higher degree of genetic
variability between individuals within these populations. Estimates of H, were strongly high and ranged from
0.77 to 0.95, with average value of 84.2% for Acul locus and from 0.85 to 1.00, with average value of 96.4% for
HpyCH41V locus, while H,,;, values ranged from 0.48 to 0.52 and from 0.50 to 0.53, with average value of 50.4%
and 51.8% for Acul and HpyCHA4IV loci, respectively.

These findings were also confirmed by the obtained negative values of inbreeding within the populations (Fis)
which were ranged from -0.60 to -0.90 and from -0.73 to -1.00, for Acul and HpyCH4IV loci, respectively as
mentioned in Table 9. These findings showed that the majority of studied individuals were heterozygous, i.e.,
these populations depended on outbreeding or mating with migrants. In disagreement with these results, Ghafoor
et al. (2015) noticed that there were no heterozygotes observed within Nili-ravi buffaloes due to all animals had
homozygous genotype “BB”.

Several authors estimated expected and observed heterozygosity to identify the genetic variability for k-CN gene
in different cattle breeds and reported that the observed heterozygotes of k-CN gene were significantly differ
from the expected one, i.e., some cattle breeds had a heterozygote excess as reported by Sulimova et al. (2007)
who found that most of Russian cattle breeds had a heterozygote excess with H, ranged from (0.0.27 to 0.60) and
H, ranged from (0.26 to 0.50), as well as, Zepeda-Batista et al. (2015) found that the Mexican Jersey cattle
showed differences (P < 0.05) between observed (H, = 0.50) and expected (H. = 0.45) heterozygosity, These
results indicated a high allelic diversity for k-CN that could be included in breeding programs in the population
studied, aimed to improve the milk quality traits of economic importance.

Table 8. Estimates of heterozygosity per locus within populations

Gene Locus Heterozygosity Population Overall Mean (%)
C.F. K.S. Sh.F. LS. S.S.
H. 0.00 0.00 0.00 0.00 0.00 -
B-LG Haelll Hup. 0.00 0.00 0.00 0.00 0.00 -
H, 0.00 0.00 0.00 0.00 0.00 -
”””””””””””””””” Ho 050 047 048 050 048 486
Acul H.p 0.51 0.48 0.51 0.52 0.50 50.4
H, 0.95 0.77 0.80 0.91 0.78 84.2
H. 0.49 0.50 0.50 0.50 0.50 49.8
K-CN HpyCH4IV  H,,, 0.50 0.51 0.53 0.52 0.53 51.8
H, 0.85 0.97 1.00 1.00 1.00 96.4
H, 0.69 0.61 0.61 0.54 0.59 60.8
Compacted 071 062 064 057 062 632
Genotypes
H, 1.00 1.00 1.00 1.00 1.00 100

Note. (B-LG) beta Lactoglobulin gene; (k-CN) kappa casein gene; (H.) biased expected heterozygosity; (H,p.)
non-biased expected heterozygosity; (Hp) observed heterozygosity; (C.F.) Farm of Agriculture College of Cairo
University; (K.S.) Kafr ElI-Sheikh Agricultural Research Station, (Sh.F.) Farm of Agriculture College of Shebeen
El-Kom, Menoufia University; (I.S.) Ismailia Agricultural Research Station; (S.S.) Sids Research Station, Beni
Suef Governorate.
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Table 9. Estimates of inbreeding coefficient (Fis) per locus within populations

Gene Locus Population
C.F. K.S. Sh.F. LS. S.S.
B-LG Haelll - - - - -
"""""""""" Aewl 2090  -061  -064  -082  -0.60
K-CN HpyCHA4IV -0.73 -0.93 -1.00 -1.00 -1.00
Overall -0.66 -0.72 -0.74 -0.88 -0.75

Note. (B-LG) beta Lactoglobulin gene; (k-CN) kappa casein gene; (NA) not available; (C.F.) Farm of Agriculture
College of Cairo University; (K.S.) Kafr El-Sheikh Agricultural Research Station, (Sh.F.) Farm of Agriculture
College of Shebeen El-Kom, Menoufia University; (I.S.) Ismailia Agricultural Research Station; (S.S.) Sids
Research Station, Beni Suef Governorate.

Similar results noticed by Akyiiz et al. (2013) who mentioned that H, value of (26) was higher than H, value of
(24.8889) in Brown Swiss. In addition to Ghafoor et al. (2015) who inferred that there was a little of genetic
variability due to the lower value of H, with 0.09 and 0.04, respectively compared to H, value of 0.33 and 0.076,
respectively in Achai and Sahiwal cattle of Pakistan.

On the other hand, some cattle breeds had a heterozygote deficit as reported by Sulimova et al. (2007) who found
that one herd of Yaroslavl cattle breed that had H, value (0.43) lower than H, value (0.50). Similarly, Akyiiz et al.
(2013) demonstrated that there was a heterozygote deficit in Simmental and Holstein breeds due to the lower
values of H, (18 and 37, respectively) compared to the corresponding H. values (20.3636 and 43.7826,
respectively. As well as, Mohammadi et al. (2013) reported that the observed heterozygotes of k-CN gene were
extremely lower than the expected one in Iranian Holstein cattle with H, value of (0.18) and H, value of (0.31).
Additionally, Miluchova et al. (2018) inferred that the Holstein cattle breed exhibit a high value of homozygosity
with H, value of (0.2762) and H, value of (0.7222).

3.4 Heterozygosity and Inbreeding Coefficient (Fis) of p-LG Gene

According to monomorphic results of B-LG gene with homozygous “AA” genotype, estimation of
heterozygosity for that gene would be equal to zero, indicating that there were no heterozygotes observed within
these populations as illustrated in Table 8 and consequently, the value of inbreeding coefficient could not be
estimated as showed in Table 9. Mohammadi et al. (2013) reported that the observed heterozygotes of B-LG gene
were extremely lower than the expected one in Iranian Holstein cattle with H, value of (0.28) and H, value of
(0.49). However, Zepeda-Batista et al. (2015) found that the Mexican Jersey cattle showed differences (P < 0.05)
between observed (H, = 0.50) and expected (H. = 0.41) heterozygosity, i.e., these animals had a heterozygote
excess.

3.5 Genetic Diversity for Studied Genes

The genetic distance estimates among Egyptian buffalo populations were mentioned in Table 10. The smallest
genetic distance was noticed between Shebeen EL-Kom and Sids populations with a value of 0 which indicated
that these two populations were genetically identical, In other words, there was minimal or no genetic diversity
between these the two populations, whereas, the largest genetic distance was observed between Kafr EL-Sheikh
and Ismailia populations with a value of 0.037 which indicated that these two populations were genetically
distant. Ismailia was the most genetically different or distinct population from other studied populations with
estimates ranged from 0.025 to 0.037. These findings were supported by the phylogenetic tree of the studied
populations as shown in Figure (6) which suggested that there was close relationship between the three
populations of Kafr EL-Sheikh, Sids and Shebeen EL-Kom, while the population of Cairo had larger genetic
distance with these former populations.

Using 12 microsatellite markers data, Merdan (2020) estimated the genetic distance among the exact Egyptian
buffalo populations which had also been used in our research and in coincidence with our results and found that
the population of Kafr El-Sheikh was most genetically distant than Ismailia population with a value of 0.373. In
disagreement with these findings, the smallest genetic distance was detected between Ismailia and Sids
populations with a value of 0.200. Although, the results of using microsatellite markers were more accurate than
using RFLP analysis data for genes polymorphism data, due to the unprecedented ability of microsatellite to
detect and describe genetic differences between populations. In addition, RFLP analysis data were successful to
differentiate between populations with acceptable results.
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Table 10. Genetic distance among Egyptian buffalo populations according to Nei (1972)

Distance matrix Kafr EL-Sheikh Shebeen EL-Kom Ismailia Sids
Cairo 0.009 0.014 0.025 0.016
Kafr EL-Sheikh 0.003 0.037 0.002
Shebeen EL-Kom 0.029 0.000
Ismailia 0.034
Ismailia
Cairo
Sids

_E Kafr EL-Sheikh

Shebeen El- Kom

0.005

Figure 6. A rooted genetic dendrogram constructed by Nei’s genetic distances among five studied populations of
Egyptian buffaloes

4. Conclusions
From the previous results it can be concluded that:

(1) Polymorphism at the level of k-CN gene had been successfully detected through using PCR-RFLP technique
with both Acul and HpyCHA4IV enzymes, however, we recommended using Acul enzyme which was more
capable for differentiating between homozygous (17%) and heterozygous (83%) individuals than HpyCH4IV
enzyme which defined only 4% of homozygous individuals and the remaining was heterozygous (96%)
individuals.

(2) Egyptian buffaloes were found to be polymorphic animals for k-CN gene with two distinct alleles “A” and
“B”, while they were monomorphic animals for B-LG gene with only “A” allele.

(3) Existence of heterozygosity excess in all studied populations refers to higher degree of genetic variability
between individuals within these populations.
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