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Abstract

N the process of elucidating the molecular characteristics of the CSN1S2 gene in Egyptian buffalo,

various haplotypes for the complete coding sequence (CDS) of CSN1S2 in both river and swamp
buffaloes were retrieved from GenBank. Two non-synonymous single-nucleotide polymorphisms
(SNPs): c.484T>A (g.12803T>A) in exon 14 and c.568G>A (g.14067G>A) in exon 16, were the
most frequent among the investigated haplotypes and were found exclusively in river
buffalo. Therefore, DNA samples collected from thirty-eight Egyptian river buffalo were genotyped
for these SNPs. An additional SNP in the splice donor site of CSN1S2 intron 7 (9.7197 G>C), known
to cause exon 7 skipping, was also genotyped. The prevalent genotypes at g.7197 and g.12803 were
GG and AA, respectively, with frequencies of 0.84. The genotypes CC and TT were not detected
at these two sites (g.7197 and g.12803), respectively. The genotype frequencies at g.14067 were 0.21
for GG, 0.11 for GA, and 0.68 for AA. Results analysis revealed that Egyptian buffalo possesses a
high frequency of the genotype GG at g.7197 in CSN1S2, suggesting a reduced likelihood of exon 7
skipping, while the prevalent AA genotype at g.14067 is more likely to be linked to increased
palmitic acid in the milk, suggesting a possible health risk. To mitigate this, breeding programs
utilizing marker-assisted selection should focus on enhancing the frequency of the CSN1S2 GG
genotype at g.14067. Additionally, this study examined the genetic relationships among the
CSN1S2 coding sequence haplotypes in buffalo and constructed a phylogenetic tree that differentiates
between buffalo and cattle samples.
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Introduction The domestic water buffalo (Bubalus bubalis) is a
vital farm animal in tropical and subtropical regions,
with a global population of approximately 208
million (7-8-9). The species originated in Southeast
Asia, where 97% of the world’s buffalo population is
still reared (10). Based on morphological and
behavioral characteristics, domestic buffalo can be
classified into two categories: swamp buffalo and
river buffalo. The swamp type (2n = 48) is found
exclusively on the native Asian continent, while the
river type (2n = 50) is more widely distributed across
other continents (11-12). Swamp buffalo are
primarily utilized for draft purposes, while river
buffalo are mainly raised for milk production (13).
The water Buffalo species contributes approximately
13% of the total milk production worldwide (14).

Milk proteins are essential for a healthy diet and offer
numerous health benefits (1). Genetic variants of milk
proteins often influence technological and nutritional
characteristics of milk (2). The primary protein in milk
is casein (CN), derived from the Latin word Caseus,
meaning "cheese." It comprises four fractions: aS1-, f-,
aS2-, and «k-CN, which together account for
approximately 80% of all milk proteins (3-4). In
ruminants, these four casein fractions are secreted as
stable calcium—phosphate micelles. Caseins provide
essential amino acids, calcium, and phosphate to
suckling infants and are linked to lactation traits in
dairy animals as well as the processing characteristics
of milk (5-6).
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Buffalo milk contains all four casein fractions aS1, B,
aS2, and k encoded by four closely linked autosomal
genes: CSN1S1, CSN2, CSN1S2, and CSN3,
respectively. The four genes were mapped to
chromosome 7 in river buffalo (15).

The buffalo CSN1S2 gene encodes aS2-casein
(aS2-CN), the third most abundant casein fraction
and the most hydrophilic of all caseins. aS2-CN
accounts for approximately 14% of the total casein in
buffalo milk (16). The proportion of aS2-CN in milk
varies significantly between species and is absent in
human and marsupial milk (17). aS2-CN, along with
aS1-CN and B-CN, plays a vital role as a calcium-
sensitive protein that can form stable micelles with
calcium and phosphorus, which are crucial for
ensuring optimal bone growth in young animals (18-
19). Additionally, aS2-CN is associated with the
nutritive value of milk (5).

The CSN1S2 gene of the Mediterranean river
buffalo (GenBank accession no. MW159135.1)
contains 18 exons ranging in size from 21 (exon 4) to
267 bp (exon 18). Exons 1 and 18 are not coding.
The whole highly conserved signal peptide is
encoded by the nucleotides 13-57 of exon 2, exons
2-16 are located in the coding sequence (CDS)
region, and the stop codon TAA is created by
nucleotides 10-12 of exon 17. The deduced CDS
length of the buffalo CSN1S2 gene is 669 bp long
and encodes a protein consisting of 222 amino acids
(aas), of which the first 15 aas form an N-terminal
signal peptide, and the remaining 207 aas represent
the mature peptide (20).

Research on the polymorphism of the CSN1S2
gene in buffalo is limited. A single-nucleotide
polymorphism (SNP) in the splice donor site of
intron 7 in the Mediterranean river buffalo CSN1S2
leads to the skipping of exon 7, resulting in a deleted
transcript (21). It is known that the splice donor site
is a short nucleotide sequence (GT in DNA). It is
typically found at the 5' end of the intron, indicating
the start of the intron to be spliced out (22).
Nucleotide polymorphisms in the coding sequence of
CSN1S2 have been detected and analyzed in Indian
riverine and Chinese swamp buffaloes using direct
sequencing of polymerase chain reaction (PCR)
products (3). Furthermore, Cosenza and colleagues
(20) explored the potential association of the SNP in
the splice donor site of intron 7 and a non-
synonymous SNP (g.14067G>A) in exon 16 with
traits that could influence the nutritional and
technological quality of buffalo milk.

The river buffalo is the most important domestic
animal in Egypt. It serves as the primary source of
milk production. The CSN1S2 gene is significant in
milk production but has not yet been fully
characterized in the Egyptian buffalo. In the process
of elucidating the molecular characteristics of the
CSN1S2 gene in Egyptian buffalo, various
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haplotypes for the complete coding region of
CSN1S2 in river and swamp buffalo were retrieved
from GenBank databases at the National Center for
Biotechnology Information (NCBI)
(https://www.ncbi.nlm.nih.gov/nuccore/?term=buffal
0+CSN1S2+CDS). These haplotypes were compared
to identify the locations of SNPs within the coding
sequences. Particular attention was given to the most
frequent non-synonymous SNPs found among the
different CSN1S2 CDS haplotypes (c.484T>A in
exon 14 and ¢.568G>A in exon 16) and the SNP in
the splice donor site of intron 7(g.7197G>C). These
selected SNPs were genotyped in DNA samples from
the Egyptian buffalo. The genetic relationship among
the CSN1S2 CDS haplotypes in water buffalo was
also investigated. Furthermore, a phylogenetic
relationship between the two closely related animals,
water buffalo and cattle (Bos taurus), both belonging
to the subfamily Bovinae, has been constructed based
on CSN1S2 CDS haplotypes. The findings of this
study could be beneficial to both animal scientists
and livestock producers for efficient management
and farming strategiesaimed at improving the
nutritional quality of Egyptian buffalo milk.

Material and Methods

Sequences retrieved from GenBank

The published CDS haplotypes of the CSN1S2
gene in river buffalo, swamp buffalo, and cattle were
retrieved from the GenBank databases at the National
Center for Biotechnology Information (NCBI)
(https://www.ncbi.nlm.nih.gov/nuccore/?term=buffal
0+CSN1S2+CDS and https://www.ncbi.nlm
.nih.gov/nuccore/?term=cattle+CSN1S2) and
analyzed in this study.

Samples collection

The protocol applied during this study was
reviewed and approved by the Medical Research
Ethics Committee at the National Research Centre
(reference number 01019102021). The permission
for the blood samples collection was appropriately
obtained from the director of the Animal Production
Research Institute. As reported in the breeding farm
records, the buffaloes enrolled for sampling were all
healthy adults without direct kinship. They were
derived from Mehalet Mousa Station for Animal
Production, Kafr EI-Sheikh Governorate, Egypt.
Blood samples were collected from 38 lactating
Egyptian buffaloes for DNA extraction.

DNA extraction, primer design, polymerase chain
reaction (PCR), and sequencing

Genomic DNA was isolated from blood samples
using the phenol-chloroform protocol described by
Sambrook and Russell (2001) (23). The DNA quality
was assessed using a 1.5% agarose gel and quantified
using a NanoDrop LITE spectrophotometer (Thermo
Fisher Scientific, USA). Subsequently, for the
polymerase chain reactions, three primer pairs were
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designed in the intronic regions flanking exons 7, 14,
and 16 (Table 1) using the whole CSN1S2 gene
reference sequence in the Mediterranean river
buffalo (accession no. MW159135.1) and Primer3
software (https://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cqi) (24).

Each PCR (50 ul) contained 200 ng DNA
template, 50X DreamTaq™ Green buffer, 50 uM of
each primer, 25 mM of dNTPs, and 1 pl (1 unit) of
DreamTaq™ Green DNA polymerase. The reaction
mixture was run in Q-Cycler, HVD LifeSciences.
The Thermocycling conditions consisted of an initial
denaturation at 95 C for 4 minutes, followed by 35
cycles consisting of a denaturation step at 94°'C for
45 seconds, a 45-second annealing step at the
appropriate annealing temperature for each primer
pair (Table 1), and an extension step at 72°C for 2
minutes. A final extension of 10 minutes at 72°C was
accomplished to end the reaction. Successful PCR
products were purified using the MEGAQquick-
spinTM Total Fragment DNA Purification Kit
(iNtRON Biotechnology) following the
manufacturer’s recommended protocol. Purified
products were further sequenced bidirectionally
using the Sanger method.

Sequence data analysis

The CSN1S2 CDS haplotypes retrieved from
GenBank databases and CSN1S2 DNA sequences
from the present study were analyzed, aligned, and
compared for nucleotide polymorphism detection

using Clustal Omega
(https://www.ebi.ac.uk/jdispatcher/msa/clustalo) (25)
and AliView

(http://www.ormbunkar.se/aliview/downloads/) (26).
The Coding DNA sequences were translated into
proteins using the Expasy translation tool
(https://web.expasy.org/translate/). Translated
proteins were aligned and compared using the two
previously mentioned programs (Clustal Omega and
AliView). The allelic and genotypic frequencies of
the SNPs determined in the Egyptian buffalo
CSN1S2  were calculated using PopGen32
(https://sites.ualberta.ca/~fyeh/popgene_download.ht
ml) (27). The potential impact of aa substitutions,
due to the detected non-synonymous nucleotide
variations, on protein function was predicted using
PROVEAN (http://provean.jcvi.org/index.php) (28).
PROVEAN considers substitution tolerated when the
score is above -2.5 and intolerant if the score is
below -2.5.

To investigate the probable genetic relationship
among the haplotypes of CSN1S2 CDS in river and
swamp buffaloes, a median-joining network was
constructed by the POpART program
(https://popart.maths.otago.ac.nz/download/)  (29).
Furthermore, a  maximum-likelihood (ML)
phylogenetic tree based on the haplotypes of the
CSN1S2 CDS in buffalo and cattle was constructed

using the function “build” of ETE3 v3.1.1(30) as
implemented on the GenomeNet
(https://www.genome.jp/tools/ete/). The tree was
constructed using FastTree with slow NNI and
MLACC=3 (to make the maximum-likelihood NNIs
more exhaustive) (31). The CSN1S2 CDS in the goat
(Capra hircus) and sheep (Ovis aries) was used for
rooting the tree.

Results

Polymorphism detection in the CSN1S2 coding
sequence

Alignment of all the published sequences for the
CSN1S2 complete coding region in the river and
swamp buffaloes from various countries (accession
numbers MT316464.1, MT316465.1, MT316466.1,
KY399458.2, FM865618.1, DWwW007983.1,
DQ133467.1, MT316468.1, DQ173244.1,
KX896650.1, FM865619.1, and NM_001290865.1
as a reference sequence) identified nine CDS
haplotypes. These nine haplotypes resulted from nine
SNPs: ¢.15T>C in exon 2, c.234A>C in exon 9,
c.381T>A in exon 11, ¢c.382A>G in exon 11,
€c.391G>A in exonll, c.459C>T in exon 13,
c.484T>A in exon 14, c.568G>A in exon 16,
€.642C>G in exon 16 and a deletion of exon 7 (27
nucleotides deletion from ¢.170 to ¢.196) (Fig. 1).
An overview of the nine detected haplotypes is
provided in Table 2. The river and swamp buffalo
types shared haplotypes 1 and 3. Haplotypes 2, 4, 6,
7, and 9 were identified in river buffalo, while
haplotypes 5 and 8 were detected in swamp buffalo.
The determined length of CSN1S2 CDS for the river
and swamp buffalo was 669 nucleotides. The
deletion of 27 nucleotides from the gene transcript
was noticed in the swamp and river buffalo
(haplotype 8 and haplotype 9, respectively).

Translation of the investigated CDS haplotypes
to proteins indicated that the nucleotide
polymorphisms ¢.234A>C, ¢.382A>G, €.391G>A,
€.484T>A, c.568G>A, and c.642C>G were non-
synonymous, leading to the amino acid substitutions
p.Glu63Asp, p.Lys113Glu, p.Alall16Thr,
p.Phel47lle, p.Alal75Thr, and p.Asn199Lys in the
mature peptide, respectively. The most frequent non-
synonymous SNPs among the investigated CDS
haplotypes were c.484T>A in exon 14 and
¢.568G>A in exon 16 (Fig. 1). They were only
recognized in river buffalo haplotypes. Further on the
DNA level, the two SNPs ¢.484T>A (MW159135.1:
g.12803T>A) and ¢.568G>A (MW159135.1:
g.14067G>A), along with the SNP in the splice
donor site of intron 7 (MW159135.1: g.7197G>C),
which is responsible for the deletion of 27
nucleotides (exon 7) from the CSN1S2 transcript,
were genotyped in the Egyptian buffalo.

Genotyping of the selected CSN1S2 SNPs in
Egyptian buffalo DNA

Egypt. J. Vet. Sci.
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The three designed primer pairs in the intronic
regions flanking exons 7, 14, and 16 in CSN1S2
successfully amplified DNA segments of the
expected sizes: 541 bp, 213 bp, and 596 bp,
respectively. Sequences of the three amplified
segments in the investigated buffalo samples were
determined and analyzed. The sequences of the three
DNA segments are indicated in Fig. 2 A, B, and C,
respectively. The positions of the three investigated
SNPs in the amplified segments and their
corresponding locations in the complete CSN1S2
gene reference sequence MW159135.1 are illustrated
in Table 3. The table also presents the genotypic and
allelic frequencies of the three SNPs, aa substitutions
or deletions resulting from the three SNPs, and the
tolerance score for the aa substitutions.

In the present work, the nucleotide positions of
the three investigated SNPs in the Egyptian buffalo
samples are numbered according to their position in
the CSN1S2 whole gene sequence (accession
number: MW159135.1). As indicated in Table 3,
homozygous genotypes CC and TT at the nucleotides
0.7197 and 9.12803, respectively, were not detected
in the Egyptian buffalo. The highest allele
frequencies of 0.92, 0.92, and 0.74 were detected for
0.7197G, 0.12803A, and ¢.14067A, respectively.
PROVEAN scores for the aa substitutions
p.Phel47lle and p.Alal75Thr were -2.350 and 1.936,
indicating that the two aa substitutions are predicted
to be tolerated.

The genetic relationship between the haplotypes of
the CSN1S2 coding sequence

The possible genetic relationships among seven
of the nine buffalo CSN1S2 CDS haplotypes
identified in the present study were investigated by
constructing a median-joining network (Fig. 3).
Although haplotypes 8 and 9 had the highest
percentages of mutation among the investigated
haplotypes (deletion of exon 7), we excluded these
two haplotypes during the network construction
because the POpART program does not consider the
gaps in the DNA sequence during network
construction.

The constructed network indicates that the
CSN1S2 CDS haplotypes 2, 3, 4, 5, 6, and 7 may
originate from haplotype 1 (the reference sequence
for the CSN1S2 coding region) as follows: Haplotype
2 evolved from haplotype 1 through a transition
€.568G>A, and haplotype 4 evolved from haplotype
2 through a transversion c.484T>A. Haplotype 6 and
haplotype 7 evolved from haplotype 4 through a
transversion ¢.381T>A and a transition ¢.382A>G in
haplotype 6, and a transition c.15T>C and a
transversion ¢.642C>G in haplotype 7. Haplotype 3
evolved from haplotype 1 through the transition
€.391G>A, while haplotype 5 evolved from
haplotype 3 through a transversion c.234A>C.
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Phylogenetic relationship between water buffalo and
cattle based on CSN1S2 CDS haplotypes

The phylogenetic tree (Fig. 4) based on the
CSN1S2 CDS haplotypes of buffalo, investigated in
the present study, and cattle (Bos taurus) was rooted
using the corresponding haplotype sequences of the
two species, belonging to the subfamily Caprinae:
sheep (Ovis aries), and goat (Capra hircus). The
phylogenetic tree was clustered into three principal
clades. The first clade included Bos taurus samples.
The second clade consisted of the river and swamp
buffalo. The third included only Ovis aries and
Capra hircus.

Discussion

The latest advances in molecular knowledge and
techniques have revealed a multitude of genetic
polymorphisms at the DNA level, which are
associated with animal performance. Single-
nucleotide polymorphisms (SNPs) have become a
popular marker of phenotypic variation among
individuals in a population (32).

Milk proteins are essential for a healthy diet and
provide numerous health benefits (33). The four
caseins aS1-CN, B-CN, aS2-CN, and «-CN play an
essential role in improving the quality and quantity
of milk-derived products. Genetic variants of milk
proteins can significantly influence technological and
nutritional characteristics of milk (2). Therefore, over
the past few decades, numerous studies have linked
genetic polymorphisms and protein structure to
economically important milk traits in key ruminant
species, including cows, sheep, and goats (34-35-36).
Water buffalo has received less attention, as casein
genes and their protein structure have not been
thoroughly explored in this economically significant
species.

The aS2-casein is the third most abundant casein
fraction in buffalo milk. It was reported to be
associated with the nutritive value of milk (5-20). In
the present study, we investigated the different
haplotypes of the complete coding region of the
CSN1S2 gene in river and swamp buffaloes from
various countries, including Egypt, India, Italy for
river buffalo, and China for swamp buffalo. Our goal
was to identify the locations of the SNPs within the
coding region.

We identified nine haplotypes for CSN1S2 CDS
which resulted from nine SNPs: ¢.15T>C in exon 2,
c.234A>C in exon 9, c.381T>A in exon 11,
€c.382A>G in exon 11, c¢.391G>A in exonll,
c.459C>T in exon 13, c.484T>A in exon 14,
¢.568G>A in exon 16, ¢.642C>G in exon 16 and a
deletion of exon 7. The exon deletion was observed
in both buffalo types. Most of the detected SNPs are
haplotype-specific, except for the two non-
synonymous SNPs ¢.484T>A in exon 14 and
€.568G>A in exon 16, which were the most common
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among the investigated river buffalo CSN1S2 CDS
haplotypes.  These two  SNPs, c.484T>A
(9.12803T>A) and c.568G>A (g.14067G>A), were
genotyped in DNA samples from Egyptian buffalo,
along with SNP .7197G>C, located in the splice
donor site of CSN1S2 intron 7.

Results indicated that the homozygous genotype
CC at nucleotide position g.7197 was not detected in
the Egyptian buffalo samples. The prevalent
genotype at this position was GG. Previous studies
(20,21) indicated that the transversion G>C at the
splice donor site of intron 7 in buffalo CSN1S2 gene
led to the deletion of exon 7 (27 nucleotides) from
the CSN1S2 transcript and 7 amino acids from the
translated protein. Therefore, increasing the
frequency of the CSN1S2 GG genotype at this
position in river buffalo is desirable for selection in
breeding programs (20). In this context, the high
frequency of the GG genotype detected in the present
study at the 5' end of the intron 7 (nucleotide position
0.7197) in Egyptian buffalo CSN1S2 strongly
prevents exon 7 skipping.

Genotype analysis revealed that the homozygous
genotype TT at nucleotide position g.12803 in
CSN1S2 was not detected in the Egyptian buffalo
samples. The predominant genotype at this position
was AA, followed by the TA genotype. The amino
acid substitution p.Phel47lle, resulting from
0.12803T>A, was predicted to be tolerated. To the
best of our knowledge, no previous studies have
associated this SNP with the nutritional and
technological quality of buffalo milk.

The three genotypes GG, GA, and AA, with
frequencies of 0.21, 0.11, and 0.68, respectively,
were determined for the SNP ¢.14067G>A at
CSN1S2 of Egyptian buffalo. The ¢.14067A and
0.14067G allele frequencies detected were 0.74 and
0.26, respectively. The allele frequencies for the
same SNP were determined in Indian and lItalian
river buffalo, where the highest frequencies were
0.59 and 0.51 for the G allele, respectively (3-20).
Although the aa substitution p.Alal75Thr due to the
SNP ¢.14067G>A was predicted to be tolerated in
the present study, Cosenza and colleagues (20)
reported that SNP g.14067A>G had a significant
association with the palmitic acid content in buffalo
milk. Their results indicated that homozygous GG
and heterozygous GA buffaloes had lower amounts
of palmitic acid, 34.13% and 34.71%, respectively,
compared to the AA genotype (35.23%).

Palmitic acid (C16:0), a long-chain fatty acid, is
found in all living organisms, from bacteria to
humans. It naturally occurs in palm oil, meat, milk,
butter, and cheese, serving as a key component of
cell membranes and playing important roles in
protein palmitoylation and signaling molecules (37-
38). In buffalo raw milk, palmitic acid constitutes
about 34.8% of total saturated fatty acids, the highest

percentage among ruminants  (39).  High
concentrations of palmitic acid in buffalo dairy
products are notable (40). However, palmitic acid is
associated with obesity and reduced insulin
sensitivity, increasing the risk of type 2 diabetes and
cardiovascular diseases due to higher cholesterol
levels (41-42). Thus, diets rich in palmitic acid can
adversely affect human health.

Our findings show that the frequency of the GG
genotype at nucleotide position g.14067 in the
CSN1S2 gene of Egyptian river buffalo is relatively
low, at 0.21. This is in comparison to the frequencies
observed in riverine Indian and Italian buffalo, which
are 0.339 and 0.27, respectively (3-20). Therefore, it
is crucial to implement breeding programs that utilize
marker-assisted selection technology to increase the
frequency of the CSN1S2 GG genotype at 9.14067 in
river buffalo, especially within the Egyptian breed.

The constructed network described the
relationship between 7 of the 9 CSN1S2 CDS
haplotypes. This is because the POpART program
(28) does not consider gaps in the DNA sequence;
therefore, haplotypes 8 and 9 were excluded from the
network due to 27 gaps in their sequences (resulting
from exon 7 skipping). We suggest that haplotype 8
originated directly from haplotype 1 through deletion
of 27 nucleotides, and haplotype 9 originated from
haplotype 8 through a transition ¢.459C>T.

Water buffalo (Bubalus bubalis) and cattle (Bos
taurus) are closely related genera in the subfamily
Bovinae. The CSN1S2 CDS length in the buffalo and
cattle CSN1S2 gene is equal (669 bp), while the
nucleotide variation between the two species is
approximately 2.24% (3). The phylogenetic tree,
based on this percentage of nucleotide variation
between the CSN1S2 CDS haplotypes of buffalo and
cattle, successfully differentiated between the buffalo
and cattle samples, reflecting the real relationship
between the two closely related animal species. This
result could be a useful tool for detecting milk and
cheese fraud. Similarly, CSN2 and CSN3  coding
sequences  were previously used for the
differentiation between buffalo and cattle species
(43-44).

Conclusion

In the course of elucidating the molecular
characteristics of the CSN1S2 gene in Egyptian
buffalo, DNA samples were genotyped for two non-
synonymous SNPs: @.12803T>A in exon 14,
g.14067G>A in exon 16, and a SNP in the splice
donor site of intron 7 (g.7197 G>C), known to cause
exon 7 skipping. Results revealed that the Egyptian
buffalo possesses a high frequency of the GG
genotype at g.7197 in CSN1S2, suggesting a reduced
likelihood of exon 7 skipping. Also, the prevalent
AA genotype at g.14067 may be associated with
increased palmitic acid in the milk, which could pose
health risks. Therefore, it is crucial to implement
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breeding programs that utilize marker-assisted
selection technology to increase the frequency of the
CSN1S2 GG genotype at g.14067 in river buffalo,
especially within the Egyptian breed. The
phylogenetic tree analysis revealed that the CSN1S2
CDS successfully differentiated between buffalo and
cattle samples, suggesting that it could be used to
detect milk and cheese fraud.
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TABLE 1. The sequences of primers for the CSN1S2 genes exon 7, 14, and 16, including their PCR annealing

temperatures and amplicon lengths.

Amplified Primer sequence (5' to 3") Annealing Product length
region temperature (bp)
<Exon 7> F: ATTATGAGACTCGCTGGGGA 57°C 541
R: CAGGCTTCTTGGCCGCTTGT
<Exon 14> F: GCAGACAAAATTACTGGTGGGC 62°C 213
R: AGGCGATTCTTATCTTCTTCAGTCA
<Exon 16> F: CCCCTTTCCTTCTTACACAA 60°C 596

R: CCAATGCAAGCACAATGTAT

TABLE 2. CSN1S2 CDS haplotypes: Base composition, country of origin, and presence in the two buffalo types

Haplotype Accession Numbers Buffalo Type / Origin Base composition of the haplotype
Haplotype 1 NM_001290865.1 Reference seq. TATAGCTGC
MT316464.1 River buff. /India
Swamp buff. /China
Haplotype 2 MT316465.1 River buff. / India TATAGCTAC
Haplotype 3 MT316466.1 River buff. / India TATAACTGC
Swamp buff. / China
Haplotype 4 KY399458.2 River buff. / Egypt TATAGCAAC
FM865618.1 River buff. /1taly
Haplotype 5 MT316468.1 Swamp buff. / China TCTAACTGC
Haplotype 6 Dw007983.1 River buff. / India TAAGGCAAC
DQ133467.1 River buff. / India
Haplotype 7 DQ173244.1 River buff. /India CATAGCAAG
Haplotype 8 KX896650.1 Swamp buff. / China TATAGCTGC
C.170- C.196
deleted
Haplotype 9 FM865619.1 River buff. / Italy TATAGTTGC
C.170-C.196
deleted

TABLE 3. Polymorphic loci in the Egyptian buffalo: position, genotypic and allelic frequencies, aa substitutions or
deletions, and tolerance score.

SNP Position in Positioninthe  Genotype Allele aa substitution or PROVEAN
the DNA CSN1S2 gene frequency frequency deletion score
amplified reference
segment sequence

G>C 257 g.7197 GG (0.84) G (0.92) deletion 9 aas
Intron 7 GC (0.16) C (0.08) (EVIRNANEE)
CC (0.00)
T>A 79 g.12803 TT (0.00) T (0.08) P.Phe1471le -2.350
Exon 14 TA (0.16) A (0.92)
AA (0.84)
G>A 285 g.14067 GG (0.21) G (0.26) P.Alal75Thr 1.936
Exon 16 GA (0.11) A (0.74)
AA (0.68)

PROVEAN score:>-2.5=tolerant, <-2.5 intolerant
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S NMFTFTLONODOOT D ANMNMITIFULONDNIOO S NNFIFULOYTAN—EOITFON
Accsession No. Haplotype ~ HoNHESHESSHERaEERaad2aaaaaaalRasdead
No. A5 & SIShE SLORED B SrRin B SIS B RITEE B SRR R SRR R SThe L 8
NM_001290865.1 Hap.1 TAAGTTATAAGGAATGCAAATGAAGAGGATAGCTGC
MT316464.1 Hap.1
MT316465.1 Hap.2 Som R BB SRR G G 8 WE.E SRR N B w8 e s o g
MT316466.1 Hap.3 N
KY399458.2 Hap.4 S E B PR EEEEIEE P S ERE PEE 5 s ¥ o8 pEae s Al
FM865618.1 Hap.4 R R TR TR T T . X
MT316468.1 Hap.5 oA e B o e e Hm s sk wlee B0 008 WAl e
DQ133467.1 Hap.6 S UE I SHmEEEEIEE T 8 DR S EE 5 o8 508 5 @ s B
DW007983.1 Hap.6 HoR oA R SE R G EWE R 68 BRLE S8 & Es o s vABs s Rl
DQ173244.1 Hap.7 o W N
KX896650.1 Hap.8 ol
FM865619.1 Hap.9 R R

Fig. 1. Sequence difference sites between the investigated buffalo CSN1S2 coding sequence haplotypes. The number
above each base represents the base position in the reference sequence NM_001290865.1. Dots (.) represent the
identity with the NM_001290865.1. Nucleotide substitutions are denoted by different letters.

A:

ATTATGAGACTCGCTGGGGATACAACAATAAACACAGTAAACAAAAATAARATACCACTGTCATC
AAATAGGAAATTCTTTTATAACTTATACAAAACTCATACAATGAAACCGAATCCAGTCTAATGC
ATCTCTTAATGAGAGAGAAATTTTTCCTTTTATATTCAGGAGAAAATAGCATAGCAATGCTGTG
GGGAAATACATCTAATTATTTTTCTTCTCTCTTTAAGGAAGTTATAAGGAATGCAAATGAAGAG
GTGAGAAAATTTTATACATTTGAACATTTTTTGTTCATATTACCAATATGTAATATTCTAAAAT
TAGTAATGGCATATGGGAACATGTTTAAATTTCCTTTTTTAGTAAACTGGAAAATGATTTATAA
GTTGCTTCAAAATGACAGTTTTTCCCTGTCCACTTGAGTAATGTCCACCTAAATCACTGTGTAT
TCTCTTGAGCCACTTACATTTAAATATATGATCATTTTTATCTCTTCCACTTATTTGCTAAAGG
TGATTAAAAACAAGCGGCCAAGAAGCCTG

B:

GCAGACAAAATTACTGGTGGGCTATTCAAGTAAAGCTGATTTTCTTTTTTTTTTTTCCATAAGG
AATCAACAGAAGTAATCACTAAGGTAAGTAATTTCTCTTCAAAAAAAATTAATTACATGCTATC
CTATAATATTTGCTTTTGTATTTATTGCAGTTTGTTTTTATTATTAACAGAAAACTAAACTGAC
TGAAGAAGATAAGAATCGCCT

C:

CCCCTTTCCTTCTTACACAAATATTTTTTTCTTTTTTTCCCACTTAAGCATTTTGGCACTAGAG
ATTGAAATAACCAAAGAATATTTTTAAACCTACCATTTATTTTATAAAAGTAAACATAATTTTA
TATGAATAAACTTTACTTTGCTTAAGTCTGTTTGGTATCATTTAGAATTTATCCAAGTAAAACT
TTATTTGGTTAGGTCCAGGTGTTCTGACACATGGGATAATGGAATAATTATAATTTTCCTAGAA
AAAAATCAGCCAGCATTACCAGAAATTCACCTGGCCCCAGTATCTCAAGACTGTTTATCAGTAT
CAGAAAGCTATGAAGCCATGGACTCAACCTAAGACAAACGTTATTCCCTATGTGGTGAGTTCTC
CCTTTTATTTTTAATTTTAAAACTGAGTTGTCTTTTGTAATAAAAATAAGATAGGGAAATGAAA
TATGGAAATAAAATTCTAAGTTCTAAAGTAAAAGCTAAAACAAAATTAAATGAATGTTCTAGGC
TGGAAATTGAATTATAAATCATATAGGATGAATAGAGCTACAATAAGCAGAAATAATTAGCATG
ATACATTGTGCTTGCATTGG

Fig. 2. Sequences of three DNA segments from the CSN1S2 gene in Egyptian river buffalo. A: 541 bp representing a
partial sequence of intron 6, exon 7, and partial sequence of intron 7. B: 213 bp representing a partial sequence
of intron 13, exon 14, and partial sequence of intron 14. C: 596 bp representing a partial sequence of intron 15,
exon 16, and partial sequence of intron 16. Exons are italic red. The nucleotide in the SNP position is bold and
represented by the abundant allele in the investigated samples.
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Fig. 3. Network of buffalo CSN1S2 CDS haplotypes: 1-7. Each circle represents a haplotype. Dashes represent the
number of mutations along the branch. Hap: haplotype, R: the haplotype presence in river buffalo, S: the
haplotype presence in swamp buffalo.

() Bos_taurus_ORTL1611_
{0 Bos_taurus_DR711568
() Bos_taurus_i_g24983¢17
() Bos_taurus_DR712298_
{0 Bos_taurus_BC114773_
() Bos_taurus_DT849277_
() Bos_taurus_EH123884_
() Bos_taurus_DR711941
{0 Bos_taurus_MH378279_
() Bos_taurus_DR711761
() Bos_taurus_DR711968_
() Bos_taurus_OR711392
() Bos_taurus_DR711347
(0 bos_taurus_M1e6dd
() Bos_taurus M 174528
{0 Buffalo_Hapdk
0 Buffalo_Haphs
0 () Buffalo_HaplR &
() buffalo_Hapaf
() buffalo_Hapih
() Buffalo_Hapik
) Buffalo_Hapeh
(O tuffalo Hap3h 5
) BuFfalo_Hapss
{0 Capra_hircus_MH219464

{) Ovis_aries_GU160085

Fig. 4. A maximum-likelihood (ML) phylogenetic tree based on the haplotypes of the CSN1S2 CDS in buffalo and
cattle. The tree is rooted with goat and sheep haplotypes
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