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Abstract. Acyl-CoA: diacylglycerol-acyltransferase 1 (DGAT1) enzyme plays a key role in controlling the
synthesis rate triglyceride from diacylglycerol. Leptin (LP, OB, obese) is an important hormone that synthe-
sizes mostly from adipose tissue and regulates glucose metabolism and homeostasis. DGAT! and Lep genes are
closely related to reproduction, growth, milk yield and composition in water buffalo breeds. This study aimed to
identify genetic variation in the DGATI and Lep gene regions in 150 water buffalo individuals from five different
provinces of Turkey using DNA sequencing. A total of 38 nucleotide variations and indels have identified 761 bp
long partial intron 2 and exon 3 and 5" UTR regions of the Lep gene in Anatolian water buffalo populations;
422 bp long partial exon 7-9 and exon 8 regions of DGAT] gene were amplified and two mutations were defined
in the point of 155 and 275 nucleotide that is three genotypes for S allele and Y allele of DGATI gene in intron
7 in Anatolian buffalo populations, respectively. These SNPs may have an effect on reproduction, growth, milk
yield and composition in water buffalo populations and may prove to be useful for water buffalo breeding.

1 Introduction

The water buffalo (Bubalus bubalis) originated in tropi-
cal and subtropical regions such as India, Southeast Asia,
and China. Anatolian water buffalo that originated from the
Mediterranean subgroup of river buffalo, which is known
as the Anatolian water buffalo, adapted to harsh environ-
mental conditions such as low-quality pasture, parasites, and
pathogens (Andreas et al., 2010; Soysal, 2013; Konca and
Akyiiz, 2017).

In Turkey, generally farmers raise a very low number of
buffaloes for family consumption in small villages, while big
farms with more than 100 heads are located near the big
cities. Turkey is composed of seven different geographical re-
gions (Marmara, Aegean, Black Sea, Central Anatolia, East-
ern Anatolia, Mediterranean and Southeastern Anatolia re-

gions). Buffaloes are mainly reared in the Marmara Region,
Aegean Region, Black Sea Region, Central Anatolia Region,
Eastern Anatolia Region and Southeastern Anatolia Region
of Turkey (Atasever and Erdem, 2008). The provinces with
the highest amount of water buffalo presence are recorded
as Samsun, Diyarbakir, Istanbul, Tokat, Bitlis, Mus, Afyon,
Kayseri, Sivas and Amasya (FAO, 2021). Buffaloes are sub-
stantially raised for milk and meat production in Asian coun-
tries, Italy, and Turkey. Buffalo milk that has a high percent-
age of fat is used for Turkish desserts and making special yo-
gurt. This fatty part of buffalo milk is consumed in the tradi-
tional Turkish breakfast called ‘“kaymak”. Moreover, buffalo
meat is used in the Turkish sausage-making industry.

The number of water buffaloes in Turkey has increased
from 84000 to 142000 over the last 10 years (http://www.
fao.org/faostat/en/#data/QA,, FAO, 2021) because Anatolian
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water buffalo are included in a programme for the protec-
tion of gene resources by the Ministry of Agriculture and
Rural Affairs in Turkey. Also, The National Anatolian Water
Buffalo Breeding Project has been carried out with the co-
operation of the Republic of Turkey Ministry of Agriculture
and Forestry and Anatolian Water Buffalo Breeder Associa-
tions since 2013. Thus, some researchers have been handled
to identify genetic structure and variation of Anatolian buf-
falo using ISSR markers (Aytekin et al., 2011), microsatel-
lites (Ozkan Unal et al., 2014; Gargani et al., 2009; Soysal
et al., 2007) DGATI gene (Ozdil and ilhan, 2012) and leptin
gene (Kaplan, 2018a).

Recent research has shown that DGATI and LEP genes,
where quantitative trait loci are located, are related to re-
production (Demeter et al., 2009; Nasr et al., 2016), growth
(Nkrumah et al., 2004, 2005; Kulig and Kmie¢, 2009), milk
yield and composition (Grisart et al., 2004; Tanpure et al.,
2012; Meng et al., 2013) in water buffalo and cattle (Banos
et al., 2008). Acyl-CoA: diacylglycerol-acyltransferase 1
(DGAT1) enzyme plays a key role in controlling the syn-
thesis rate triglyceride from diacylglycerol and FA-CoA in
adipocyte, which is important to supply the requirement of
energy during physiological phases such as pregnancy and
lactation. Moreover, DGAT1 is a functional candidate gene
on quantitative trait locus (QTL), which is located on the cen-
tromeric end of the bovine chromosome 14 (Bennewitz et al.,
2004; Coppieters et al., 1998; Grisart et al., 2002, 2004). In
the eighth exon of DGATI, two single-nucleotide polymor-
phisms (SNPs) lead to the substitution of lysine with alanine
(K232A) that is closely related to variation in milk fat content
and milk performance (Winter et al., 2002). In some Anato-
lian, Indian and Chinese water buffalo populations, it was
seen that the eighth exon of the DGATI gene has a fixed K
allele (Tantia et al., 2006; Shi et al., 2012; Ozdil and flhan,
2012).

Leptin (LP, OB, obese) is an important hormone that syn-
thesizes mostly from adipose tissue and regulates glucose
metabolism and homeostasis (Houseknecht et al., 1998; Orru
et al., 2007). It affects carcass traits and body weight, feed in-
take (Nkrumah et al., 2005; Banos et al., 2008; Kulig and
Kmie¢, 2009), fertility (Nasr et al., 2016), milk yield and
composition (Banos et al., 2008; Nasr et al., 2016), and im-
mune function of cattle and buffalo (Asiamah et al., 2009;
Datta et al., 2013). Therefore, the leptin gene is a crucial can-
didate gene for production traits in buffalo (Nasr et al., 2016).
Buffalo leptin gene located on chromosome 8 includes two
exons and introns with 167 amino acids (NC_058350) (https:
/Iwww.ncbi.nlm.nih.gov/nuccore/MF679169, NCBI, 2021).
Nasr et al. (2016) revealed the associations with polymor-
phism in the second exon region of leptin gene and fertility,
as well as production traits in Egyptian buffaloes.

The aim of this study was to identify genetic variation in
the DGATI and Lep gene regions in 150 water buffalo indi-
viduals from five different provinces of Turkey using DNA
sequencing.

Arch. Anim. Breed., 65, 1-9, 2022

2 Materials and methods

2.1 Experimental animals and blood collection

All procedures involving manipulation of the animals were
conducted in accordance with Turkish Guidelines on Ani-
mal Welfare. This research was approved by the Ethics Com-
mittee on the Use of Animals, Republic of Turkey Ministry
of Agriculture and Forestry, Institute of Pendik Veterinary
Control Ethics Committee (case no. 2013/12). In this study,
the 150 unrelated Anatolian water buffalo blood samples
used (0—6 months, 1-3 years; males, n = 46; females, n =
104) were collected from East Anatolia (Bitlis, Diyarbakar,
Mus, n = 40), Black Sea (Amasya-Merzifon, Samsun, Tokat,
Corum, Giresun, Sinop, n = 50), Central Anatolia (Kay-
seri, Sivas, n = 17), and Aegean—Marmara (Afyon, Istanbul-
Nakkas/Danamandira, Balikesir, Bursa, Tekirdag-Saray, n =
43) regions of Turkey (Fig. 1). Blood samples from animals
were collected in 5 mL vacuum tubes, including EDTA as an
anticoagulant, and stored at —80 °C till the DNA extraction.
Genomic DNA was isolated by using a commercial DNA
isolation kit (GeneJET Whole Blood Genomic DNA Purifi-
cation Mini Kit, Thermo Fisher Scientific) according to the
manufacturer’s instructions.

2.2 Primers, total DNA extraction and PCR

Primer sequences of DGATI and Lep genes that are used
for amplification and sequencing are shown in Table 1. Re-
verse primer of Lep gene is designed using Primer3web on-
line software (version 4.1.0) (https://primer3.ut.ee/, last ac-
cess: 12 March 2021) based on NCBI Reference Sequence
NC_058350 (91132528-91149368). For PCR amplification
reactions, the 35 uL. PCR volume contained 20 ng genomic
DNA, 0.5 uM of each primer, 1x PCR buffer (NH4)2SOy4),
200 uM dNTP, 1.5mM MgCl, and 1U of Taq DNA poly-
merase (Taqg DNA Polymerase, Thermo Scientific, USA).
The cycling protocol was 4 min at 94 °C for initial denat-
uration, 35 cycles of amplification; 94 °C for 30s, 56.1°C
annealing for 30's, 72 °C for 2 min and 15 min at 72 °C for fi-
nal extension. Afterward, the PCR products were checked on
1 % agarose gel using horizontal electrophoresis and the gels
were stained using SafeView™ Classic (Applied Biological
Material Inc. Canada).

2.3 Sequencing and data analysis

A total of 412bp of DGATI gene and 558 bp of Lep genes
were sequenced on an Applied Biosystems 3500XL Ge-
netic Analyzer System (Applied Biosystems, USA) to de-
termine those gene sequences. DGATI and Lep fragments
were blasted with the NCBI BLAST tool (https://blast.ncbi.
nlm.nih.gov/Blast.cgi, last access: 12 March 2021) to defined
orthologue sequences on the NCBI GeneBank database.
Homolog sequences were downloaded by NCBI GenBank
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Figure 1. Location of the Anatolian water buffalo samples collected in this study.

Table 1. Primer sequences of DGATI and Lep genes.

Gene regions  Primers Length (bp) References

DGATI F: 5-CAC CAT CCT CTT CCT CAA G-3’ 412 Shietal. (2012)
R: 5-GGA AGC GCT TTC GGA TG-3'

Lep F: 5-GTC TGG AGG CAA AGG GCA GAT-3’ 758 Lienetal. (1997)

R: 5’-GAT GGT CCA AAG GCT CTG AA-3’

(forward primer)

database and aligned with ChromasPro 2.4.3 program (Tech-
nelysium Pty Ltd) and BioEdit (v7.0.9) Sequence Alignment
Editor with Clustal W multiple alignment modules (Hall,
2011). A heatmap was performed for the differential nu-
cleotide (SNP) of the selected sequences of Lep gene region
using an R script with the R function “heatmap” of the pack-
age “ggplot2” based on the genetic distance of sequences
analysed with the MEGA7 software (Molecular Evolution-
ary Genetics Analysis, version 6.0). The 3D tertiary structure
of the proteins based on the studied Lep gene region was pre-
dicted using the I-TASSER server (Yang et al., 2015). The
genotypic and allelic frequencies of the Lep gene and the
Hardy—Weinberg equilibrium of the populations were calcu-
lated using the PopGene program (Yeh et al., 2000).

3 Results

In the studied samples, the partially second intron and
third exon regions of the leptin gene were amplified. A
total of 758 and 761bp length samples were sequenced
(AHO13754). These variations were deposited in the NCBI
GenBank database with the accession numbers MZ230555-
MZ230565. As 18 nucleotide changes in the third exon and
20 nucleotide changes in the intron regions, a total of 38 point
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nucleotide variations have been identified in the studied re-
gions of the Lep gene (Table S1 in the Supplement). Also,
3 bp insertion/deletions (indels) have defined position 47-49
(position 3998 at AH013754) in the second intron region of
the Lep gene for the first time. In this study, we have detected
three nonsynonymous amino acid changes and 13 silent mu-
tations in third exon sequence of Lep amino acid residues in
Anatolian buffalo breeds (Table 2). The amino acids change
as T39A and V471 have been defined for the first time in
Anatolian buffalo breeds. According to Fig. 2, the heatmap
revealed the differential nucleotide (SNP) of the Lep gene re-
gion based on the genetic distance of sequences. While Lep
A, C, and H alleles were close to MF490270 LEP-CGGA
allele, Lep-I allele was close to HE605297 sequence, which
was retrieved from the NCBI GenBank database. The Lep-B
allele of Anatolian buffalo was the same clade as the LEP-
TAGA allele (MF490273).

The predicted 3D tertiary structure of the Anatolian wa-
ter buffalo leptin peptide and the effect of the detected mu-
tations on its 3D tertiary structure are shown in Fig. 3.
While the C-score of native 3D tertiary structure of lep-
tin peptide was —0.74 (estimated TM-score =0.62 +0.14,
estimated RMSD =5.8 4 3.6 A), the C-score of leptin pep-
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. MF490270 Bubalus bubalis leptin (LEP) gene LEP-CGGA allele
[ | mz230562 Bubalus bubalis Leptin-H allele
B | | vz230557 Bubalus bubalis Leptin-C aliele
MZ230555 Bubalus bubalis Leptin-A allele
= MZ230563 Bubalus bubalis Leptin-I allele
. AF387813 Bubalus bubalis leptin (Lep) gene
. EU888289 Bubalus bubalis breed Mehsani leptin gene
. AH013754 Bubalus bubalis leptin gene complete cds
. MF490274 Bubalus bubalis leptin (LEP) gene LEP-CGAA allele
. MZ230559 Bubalus bubalis Leptin-E allele

...... MF490266 Bubalus bubalis leptin (LEP) gene LEP-CGAG allele

MZ230561 Bubalus bubalis Leptin-G allele
. MZ230560 Bubalus bubalis Leptin-F allele
. MF490275 Bubalus bubalis leptin (LEP) gene LEP-TGAA allele
MF490267 Bubalus bubalis leptin (LEP) gene LEP-TGAG allele
MF490271 Bubalus bubalis leptin (LEP) gene LEP-TGGA allele
MF490263 Bubalus bubalis leptin (LEP) gene LEP-TGGG allele
MF490277 Bubalus bubalis leptin (LEP) gene LEP-TAAA allele
MF490269 Bubalus bubalis leptin (LEP) gene LEP-TAAG allele
MF490276 Bubalus bubalis leptin (LEP) gene LEP-CAAA allele
MF490268 Bubalus bubalis leptin (LEP) gene LEP-CAAG allele
MF490272 Bubalus bubalis leptin (LEP) gene LEP-CAGA allele
MF490264 Bubalus bubalis leptin (LEP) gene LEP-CAGG allele
. MZ230564 Bubalus bubalis Leptin-K allele
. MZ230558 Bubalus bubalis Leptin-D allele
. MF490265 Bubalus bubalis leptin (LEP) gene LEP-TAGG allele
-. MF490273 Bubalus bubalis leptin (LEP) gene LEP-TAGA allele
| Mz230556 Bubalus bubalis Leptin-B allele

Figure 2. Heatmap showing the differential nucleotide (SNP) of the selected sequences of Lep gene region.

Table 2. The nucleotide variations and amino acid changes in Lep amino acid residues.

Location*  Codon change ~ Amino acid Mutation type
31 TTA>TTG Leucine (L) Silent

32 GCG>GCA Alanine (A) Silent

39 ACC>GCC Threonine(T)>alanine (A) Missense
47 GTC>ATC Valine (V)>isoleucine(I) Missense
50 TCT>TCC Serine (S) Silent

71 TTG>TTA Leucine (L) Silent

72 CCG>CCA Proline (P) Silent

77 CTG>CTA Leucine (L) Silent

79 AGT>AGC Serine (S) Silent

83 TTG>TTC Leucine (L) Silent

84 GGC>GGT Glycine (G) Silent

85 GTC>GTT Valine (V) Silent
102 CTG>CTA Leucine (L) Silent
105 TCA>TCG Serine (S) Silent
111 CGG>CAG Arginine (R)>glutamine (Q) Missense
116 AGT>AGC Serine (S) Silent
117 CCT>CCC Proline (P) Silent

* Location is the point of mutations that occurred in the studied Lep gene amino acid residues.

tide with the three mutations was —0.69 (estimated TM-
score =0.63 +=0.14, estimated RMSD =5.7+3.6 A).

The genotype and allele frequencies belong to some SNPs
of Lep gene are listed in Table 3. Lep-G allele frequen-
cies were 0.85, 0.83 and 0.82 for the point of 164, 287
and 403 SNPs, respectively. While Lep-C allele frequency
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was 0.67, Lep-T allele frequency was 0.33 for the point of
562 SNP. In this study, the genotype distributions in SNPs
of Lep gene were not found in Hardy—Weinberg equilibrium
(p < 0.05) except for SNP in the point of 287 (p > 0.05).
Mediterranean water buffalo DGAT! gene consists of 17
exons located on chromosome 15, and it is 10.224 bp long
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Figure 3. The predicted 3D tertiary structure of the Anatolian water buffalo leptin peptide; (a) native structure and (b) the effect of the

detected amino acid changes on its 3D tertiary structure.

Table 3. The genotype and allele frequency belong to some SNPs of the Lep gene in Anatolian water buffaloes.

SNP position N Genotype Allele XZ
frequencies frequencies
AA GG AG| A G
164 150 0.07(10) 0.76 (114) 0.17(26) | 0.15 0.85 16.57
287 150  0.09(8) 0.74(108) 0.17(34) | 0.17 0.83 5.07
403 150  0.05(7) 0.68(102) 0.27(41) | 0.18 0.82 1.14*
TT cc TC| T C
562 150  0.17 (25) 0.51(77) 0.32(48) ‘ 033 0.67 11.14

* 2 Hardy—Weinberg equilibrium (HWE).

in the NCBI reference sequence (NC_037559). A total of
422 bp long partial exon 7-9 and exon 8 regions of DGATI
gene in studied Anatolian buffalo populations (NC_037559)
are amplified. A mutation is detected in the point of 155 nu-
cleotide that is homozygote C and G and heterozygote S al-
lele of DGAT1 gene in intron 7. The nucleotide changes from
C to G in the DGATI gene and from A to G of Lep gene as
shown in Fig. 4. Also, we identified a variation at the point
of 275 nucleotide that is homozygote C and T and heterozy-
gote Y allele of DGATI gene in intron 7. These variations
are deposited in the NCBI GenBank database with the ac-
cession numbers MZ230551-MZ230554. Table 4 shows the
nucleotide differences of reference bovine and buffalo se-
quences that deposited in the NCBI GenBank and studied
sample sequences in the current research.

4 Discussions

In this study, the partially second intron and third exon re-
gions of the leptin gene and the partial exon 7, 9 and exon 8
regions of DGAT1 gene were amplified in Anatolian buffalo
populations. A total of 38 nucleotide variations in the Lep
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gene and 4 nucleotide variations in DGATI gene have been
identified in the studied populations.

Nasr et al. (2016) reported three genotypes (AA, AG
and GG) of leptin locus, and the animals that have AA
genotype had the highest milk yield (2332.34 kg, p = 0.04)
and fat yield (155.75kg, p =0.06) in Egyptian buffaloes.
But they revealed that the GG genotype (43.67kg, p =
0.02) had higher birthweight compared with AA genotype
(39.35kg, p=0.02). Orru et al. (2007) reported that the
G allele (0.640) was predominantly in the T1131G lo-
cus of leptin gene in Italian and Egyptian buffaloes. Ka-
plan (2018b) studied the same region of the Lep gene and
reported three genotypes as TT, GT and GG in a small pop-
ulation of Anatolian buffaloes. In Italian and Egyptian buf-
falo, Orru et al. (2007) reported 11 SNPs: G3333A, C1221T,
G3195A, C1221T, G3434A, T1015C, C1071T, G1072A,
T1081C, T1143C and T1145G loci of Lep gene. Jhala et
al. (2009) identified three variations in exon 3 of leptin gene
as A42G, A44G and A250G in Mehsana buffalo. In an-
other research on this buffalo breed carried out by Tanpure
et al. (2012), five SNPs were determined at positions 98,
111, 172, 209 and 266 in the first intron of leptin gene.

Arch. Anim. Breed., 65, 1-9, 2022
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Figure 4. Nucleotide changes from C to G in intron 7 region of DGATI gene (point of 155 nucleotide, a) and from A to G in point of 403

nucleotide Lep gene (point of 111 amino acid, b).

Table 4. The nucleotide variations between the studied sequences and reference sequences of DGAT1 gene.

Location  Nucleotide change  Anatolian buffalo  References*

22 T C AM?263422  Bovine (Bos taurus)
43 T C JQ627611 Buffalo

94 G C FJ014705 Bovine

104 A C JQ897351 Bovine (Bos taurus)
130,131 TC GA MF351623  Bovine (Bos indicus)
154 G A JF894305 Buffalo

155 C GG,S MF490259  Buffalo

171 A T DQ408185  Bovine (Bos indicus)
201,202 GC KK JQ897352 Bovine (Bos taurus)
201,202 GC AA JQ897353 Bovine (Bos taurus)
228 G A AM263425 Bovine (Bos taurus)
243 G A DQ435287  Bovine (Bos indicus)
275 C CTY JF894305 Buffalo

289 A G AY999090  Buffalo

296 T G FJ014705 Buffalo

303 C T AM263423  Bovine (Bos taurus)
357 C G JQ627612 Buffalo

362 A T DQ435287  Bovine (Bos indicus)
365 T G AM263424  Bovine (Bos taurus)
373 G C JQ627610 Buffalo

* The reference sequences were deposited by previous studies to the NCBI GenBank.

In Mediterranean water buffaloes, Scata et al. (2012) re-
vealed eight SNPs (A83G, A90G, A121G, G256T, A283G,
G959T, A1010C, G1254A) in the 5 flanking and first
exon regions of leptin gene. The non-synonymous SNPs
at positions A114G (EU888289.1), C163A (EU825672.1),
A211G  (JQO045625.1), G288A (AY177609.1), A310G
(KP864436.1), A322G (JN689387.1), G330C (JQ045625.1),
C348T (JQ045625.1), T360C (HE605297.1) and G379A
(Orru et al., 2007) caused amino acid changes (S71G, T87N,
N103S, E129K, E136G, Y140C, E143Q, R149W, S153P,
and R159Q, respectively) in LEP polypeptide. The T27C
mutation (KP897166.1), which is close to the 3’ splicing site

Arch. Anim. Breed., 65, 1-9, 2022

of the second intron region of the Lep gene, dislocates a
splicing silencer and creates a new intron splicing silencer,
while A114G and A310G SNPs of the third exon dislocate
two splicing enhancers and create new exonic splicing en-
hancers that may cause alternative splicing and intron reten-
tion (Braunschweig et al., 2014; Mahrous et al., 2020).

Lep-G allele frequencies were high for the point of 164,
287 and 403 SNPs, respectively. The genotype distributions
in SNPs of Lep gene were not found in Hardy—Weinberg
equilibrium mostly (p < 0.05). This can be because of adap-
tation or fitness, which is a result of random effects of genetic
drift in evolutionary process (Andrews, 2010).

https://doi.org/10.5194/aab-65-1-2022
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In this study, the C-score of the native 3D tertiary struc-
ture of leptin peptide was —0.74, the C-score with the three
amino acid changes T39A, V471 and R111Q of leptin pep-
tide was —0.69. Mahrous et al. (2020) revealed that while
the S71G improved the stability of the leptin protein, R159Q
decreased the stability of mature leptin peptide tertiary struc-
ture —0.25 kcal/mol. Also, Mahrous et al. (2020) reported
that the amino acid N103S in leptin polypeptide is conserved
in humans and river buffalo, but this amino acid variation
does not exist in Anatolian water buffalo populations.

Li et al. (2018) revealed an SNP (g.9046T>C) caused a
nonsynonymous amino acid change from arginine to histi-
dine in exon 17 of DGATI gene, which was significantly
associated with the fat percentage that TT genotype had a
significantly higher fat percentage than the CC genotype
in Riverine buffalo and Swamp buffalo. Similar to Li et
al. (2018), de Freitas et al. (2016) carried out the nonsynony-
mous SNP g.11785 T>C that causes the alteration of ala-
nine to valine (Ala484Val) in exon 17 of the DGATI gene
that was significantly related to fat and protein percentage
of milk in Murrah buffaloes in Brazil (P < 0.05) (de Fre-
itas et al., 2016). Contrary to de Freitas et al. (2016), Meng
et al. (2013) found that the SNP ¢.1350C>G in exon 17 was
not related to milk yield and compositions in Dehong and hy-
brid (F1: Mora buffalo x Dehong buffalo) buffaloes. In this
study, the amino acid change from alanine to valine was not
detected in exon 17 of the DGATI gene, since strict breed-
ing programmes were not implemented for milk yield and
composition in Anatolian buffaloes. In Murrah buffalo breed,
Cardoso et al. (2015) reported that DGATI-VNTR (variable
number of tandem repeats) in the promoter region was sig-
nificant for the fat percentage of milk because of a located
binding site of Spl (specificity protein 1), which is a tran-
scription factor for the mRNA synthesis.

Cesarani et al. (2021) revealed that WssGBLUP is a
weighted version of ssGBLUP, which is some major genes
or SNPs, as DGATI for fat content has more weights that
could increase the accuracy of breeding values for growth,
milk traits.

5 Conclusion

Many studies have been carried out about relations between
DGATI and Lep genes and economic production traits. In
this study, 38 polymorphisms, indels in the Lep gene region
and several variations in the DGAT gene region were identi-
fied which will improve reproduction, growth, milk yield and
composition traits in water buffalo based on marker-assisted
selection. For this reason, in future studies, these relation-
ships should be defined in water buffalo populations.

Ethical statement. The experimental protocol was approved by
the Republic of Turkey Ministry of Agriculture and Forestry Pendik

https://doi.org/10.5194/aab-65-1-2022

Veterinary Control Institute Local Ethics Committee (AEC approval
number: 12/2013).

Data availability. The data are available from the corresponding
author upon request.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/aab-65-1-2022-supplement.

Author contributions. RI and EOU designed the study. RI, EOU
and MIS performed the statistical analysis and wrote the paper.

Competing interests. The contact author has declared that nei-
ther they nor their co-authors have any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Financial support. This research was supported by the Scientific
Research Projects Coordination Unit of Namik Kemal University,
under project number NKUBAP.00.24.AR.14.32, and the Repub-
lic of Turkey Ministry of Agriculture and Forestry General Direc-
torate of Agricultural Research and Policies, under project number
TAGEM 13/AR-GE/29.

Review statement. This paper was edited by Steffen Maak and
reviewed by Levent Mercan and one anonymous referee.

References

Andreas, E., Sumantri, C., Nuraini, H., Farajallah, A., and
Anggraeni, A.: Identification of GH/Alul and GHR/ALul
genes polymorphisms in Indonesian buffalo, Journal of
the Indonesian Tropical Animal Agriculture, 35, 215-221,
https://doi.org/10.14710/jitaa.35.4.215-221, 2010.

Andrews, C. A.: Natural Selection, Genetic Drift, and Gene Flow
Do Not Act in Isolation in Natural Populations, Nature Education
Knowledge, 3, 1-2, 2010.

Asiamah, P. A., Bechtel, D. G., Waldner, C., and Buchanan,
F. C.: Effects of leptin Arg25Cys on peripheral mononuclear
cell counts and antibody response to vaccination in beef cat-
tle, Anim Genet., 40, 783-787, https://doi.org/10.1111/j.1365-
2052.2009.01918.x, 2009.

Aytekin, 1., Ozdil, F., Ziilkadir, U., Boztepe, S., and Sartyel, V.:
Evaluation of ISSR markers for genetic diversity analysis in
Anatolian water buffaloes, J. Sci. Food Agric., 91, 1957-1962,
https://doi.org/10.1002/jsfa.4397, 2011.

Atasever, S. and Erdem, H.: Manda yetistiriciligi ve Tiirkiye’deki
gelecegi, OMU Ziraat. Fak Derg., 23, 59-64, 2008.

Arch. Anim. Breed., 65, 1-9, 2022


https://doi.org/10.5194/aab-65-1-2022-supplement
https://doi.org/10.14710/jitaa.35.4.215-221
https://doi.org/10.1111/j.1365-2052.2009.01918.x
https://doi.org/10.1111/j.1365-2052.2009.01918.x
https://doi.org/10.1002/jsfa.4397

8 R. Isik et al.: Polymorphism detection of DGAT1 and Lep genes in Anatolian water buffalo

Banos, G., Woolliams, J. A., Woodward, B. W., Forbes, A. B., and
Coffey, M. P.: Impact of single nucleotide polymorphisms in lep-
tin, leptin receptor, growth hormone receptor, and diacylglycerol
acyltransferase (DGAT1) gene loci on milk production, feed, and
body energy traits of UK dairy cows, J. Dairy Sci., 91, 3190—
3200, https://doi.org/10.3168/jds.2007-0930, 2008.

Bennewitz, J., Reinsch, N., Paul, S., Looft, C., Kaupe, B., Weimann,
C., Erhardt, G., Thaller, G., Kiihn, C. H., Schwerin, M., Thom-
sen, H., Reinhardt, F., Reents, R., and Kalm, E.: The DGAT1
K232A mutationis not solely responsible for the milk pro-
duction quantitative traitlocus on the bovine chromosome 14,
J. Dairy Sci., 87, 431-442, https://doi.org/10.3168/jds.s0022-
0302(04)73182-3, 2004.

Braunschweig, U., Barbosa-Morais, N. L., Pan, Q., Nachman, E. N.,
Alipanahi, B., Gonatopoulos-Pournatzis, T., Frey, B., Irimia, M.,
and Blencowe, B. J.: Widespread intron retention in mammals
functionally tunes transcriptomes, Genome Res., 24, 1774-1786,
https://doi.org/10.1101/gr.177790.114, 2014.

Cardoso, D. F,, de Souza, G. F. P, Aspilcueta-Borquis, R. R., Araujo
Neto, F. R., de Camargo, G. M. F, Scalez, D. C. B., de Freitas,
A. C., Albuquerque, L. G., and Tonhati, H.: Variable number
of tandem repeat polymorphisms in DGAT1 gene of buffaloes
(Bubalus bubalis) is associated with milk constituents, J. Dairy
Sci., 98, 14, https://doi.org/10.3168/jds.2014-8729, 2015.

Cesarani, A., Biffani, S., Garcia, A., Lourenco, D.,
Bertolini, G., Neglia, G., Misztal, 1., and Macciotta, N.
P. P: Genomic investigation of milk production in
Italian buffalo, Ital. J. Anim. Sci, 20, 539-547,
https://doi.org/10.1080/1828051X.2021.1902404, 2021.

Coppieters, W., Riquet, J., Arranz, J. J., Berzi, P, Cambisano, N.,
Grisart, B., Karim, L., Marcq, F., Moreau, L., Nezer, C., Si-
mon, P., Vanmanshoven, P., Wagenaar, D., and Georges, M.:
A QTL with major effect on milk yield and composition
maps to bovine chromosome 14, Mamm. Genome, 9, 540-544,
https://doi.org/10.1007/s003359900815, 1998.

Datta, S., Verma, A., Chatterjee, P., and Pal, A.: Molecular charac-
terization of the Leptin gene in Riverine buffaloes, Buffalo Bull.,
32, 196-211, 2013.

de Freitas, A. C., de Camargo, G. M., Stafuzza, N. B., Aspilcueta-
Borquis, R. R., Venturini, G. C., Dias, M. M., Cardoso, D. F., and
Tonhati, H.: Genetic association between SNPs in the DGAT1
gene and milk production traits in Murrah buffaloes, Trop. Anim.
Health Pro., 48, 1421-1426, https://doi.org/10.1007/s11250-
016-1110-x, 2016.

Demeter, R. M., Schopen, G. C. B., Oude Lansink, A. G. J. M.,
Meuwissen, M. P. M., and van Arendonk, J. A. M.: Effects
of milk fat composition, DGAT1, and SCD1 on fertility traits
in Dutch Holstein cattle, J. Dairy Sci., 92, 11, 5720-5729,
https://doi.org/10.3168/jds.2009-2069, 2009.

FAO (Food and Agriculture Organization of the United Na-
tions): http://www.fao.org/faostat/en/#data/QA, last access: 14
May 2021.

Gargani, M., Pariset, L., Soysal, M. L, Ozkan, E., and Valen-
tini, A.: Genetic variation and relationships among Turk-
ish water buffalo populations, Anim. Genet., 41, 93-96,
https://doi.org/10.1111/j.1365-2052.2009.01954.x, 2009.

Grisart, B., Coppieters, W., Farnir, F., Karim, L., Ford, C.,
Berzi, P, Cambisano, N., Mni, M., Reid, S., Simon, P., Spel-
man, R., Georges, M., and Snell, R.: Positional candidate

Arch. Anim. Breed., 65, 1-9, 2022

cloning of a QTL in dairy cattle: Identification of a mis-
sense mutation in the bovine DGAT1 gene with major effect
on milk yield and composition, Genome Res., 12, 222-231,
https://doi.org/10.1101/gr.224202, 2002.

Grisart, B., Farnir, F., Karim, L., Cambisano, N., Kim, J. J., Kvasz,
A., Mni, M., Simon, P, Frere, J. M., Coppieters, W., and Georges,
M.: Genetic and functional confirmation of the causality of the
DGAT1 K232A quantitative trait nucleotide in affecting milk
yield and composition, P. Natl. Acad. Sci. USA, 101, 2398-2403,
https://doi.org/10.1073/pnas.0308518100, 2004.

Hall, T.: Bioedit: An Important Software For Molecular Biology,
GEREF Bulletin of Biosciences, 2, 60-61, 2011.

Houseknecht, K. L., Baile, C. A., Matteri, R. L., and Spurlock, M.
E.: The biology of leptin: A review, J. Anim. Sci., 76, 1405-1420,
https://doi.org/10.2527/1998.7651405x, 1998.

Jhala, N., Rank, D., Vataliya, P., Joshi, C., Bhong, C., Mehta, H.,
and Patil, A.: Cloning and sequencing of the leptin gene in Gir
cattle and Mehsana buffalo, Buffalo Bull., 28, 29-33, 2009.

Kaplan, S.: Nucleotide Polymorphism of Leptin Gene in
Anatolian Water Buffaloes, Pakistan J. Zool.,, 50, 1841-
1846, https://doi.org/10.17582/journal.pjz/2018.50.5.1841.1846,
2018a.

Kaplan, S.: Characterization of bubaline leptin gene polymorphism
in Anatolian Buffaloes by using PCR-RFLP method, Alinteri J.
Agr. Sci., 33, 93-97, 2018b.

Konca, M. A. and Akyiiz, B.: Investigation of growth hormone re-
leasing hormone, growth hormone and prolactin hormone gene
polymorphism in Anatolian water buffalo, Ann. Anim. Sci., 17,
1053-1062, https://doi.org/10.1515/a0as-2016-0100, 2017.

Kulig, H. and Kmie¢, M.: Association between leptin gene poly-
morphisms and growth traits in Limousin cattle, Genetika, 45,
738-741, 2009.

Li, J., Liu, S., Li, Z., Zhang, S., Hua, G., Salzano, A., and
Yang, L.: DGAT1 polymorphism in Riverine buffalo, Swamp
buffalo and crossbred buffalo, J. Dairy Res., 85, 412-415,
https://doi.org/10.1017/S0022029918000468, 2018.

Lien, S., Sundvold, H., Klungland, H., and Vage, D.: Two novel
polymorphisms in the bovine obesity gene (OBS), Anim. Genet.,
28,238-246, 1997.

Mahrous, K. F., Aboelenin, M. M., Rashed, M. A., Sallam, M.
A., and Rushdi, H. E.: Detection of polymorphism within lep-
tin gene in Egyptian river buffalo and predict its effects on
different molecular levels, J. Genet. Eng. Biotechnol., 18, 6,
https://doi.org/10.1186/543141-020-0020-5, 2020.

Meng, L., Chen, L., Miao, Y., Zhang, Y., Zhao, S., Huo, J., and Li,
W.: Polymorphism in the exon 17 of DGAT1 gene and its asso-
ciation with milk composition traits in buffalo (Bubalus bubalis),
Journal of Yunnan Agricultural University, 2, 190-195, 2013.

Nasr, M., Awad, A., and El Araby, I.: Associations of leptin and
pituitary-specific transcription factor genes polymorphisms with
reproduction and production traits in dairy buffalo, Reprod.
Domest. Anim., 51, 597-603, https://doi.org/10.1111/rda.12726,
2016.

NCBI (The National Center for Biotechnology Information): https:
//lwww.ncbi.nlm.nih.gov/nuccore/MF679169.1, last access: 14
May 2021.

Nkrumah, J. D., Basarab, J. A., Price, M. A. Okine, E. K., Am-
moura, A., Guercio, S., Hansen, C., Li, C., Benkel, B., Murdoch,
B., and Moore, S. S.: Different measures of energetic efficiency

https://doi.org/10.5194/aab-65-1-2022


https://doi.org/10.3168/jds.2007-0930
https://doi.org/10.3168/jds.s0022-0302(04)73182-3
https://doi.org/10.3168/jds.s0022-0302(04)73182-3
https://doi.org/10.1101/gr.177790.114
https://doi.org/10.3168/jds.2014-8729
https://doi.org/10.1080/1828051X.2021.1902404
https://doi.org/10.1007/s003359900815
https://doi.org/10.1007/s11250-016-1110-x
https://doi.org/10.1007/s11250-016-1110-x
https://doi.org/10.3168/jds.2009-2069
http://www.fao.org/faostat/en/#data/QA
https://doi.org/10.1111/j.1365-2052.2009.01954.x
https://doi.org/10.1101/gr.224202
https://doi.org/10.1073/pnas.0308518100
https://doi.org/10.2527/1998.7651405x
https://doi.org/10.17582/journal.pjz/2018.50.5.1841.1846
https://doi.org/10.1515/aoas-2016-0100
https://doi.org/10.1017/S0022029918000468
https://doi.org/10.1186/s43141-020-0020-5
https://doi.org/10.1111/rda.12726
https://www.ncbi.nlm.nih.gov/nuccore/MF679169.1
https://www.ncbi.nlm.nih.gov/nuccore/MF679169.1

R. Isik et al.: Polymorphism detection of DGAT1 and Lep genes in Anatolian water buffalo 9

and their phenotypic relationships with growth, feed intake, and
ultrasound and carcass merit in hybrid cattle, J. Anim. Sci., 82,
2451-2459, https://doi.org/10.2527/2004.8282451x, 2004.

Nkrumah, J. D., Li, C., Yu, J., Hansen, C., Keisler, D. H., and
Moore, S. S.: Polymorphisms in the bovine leptin promoter asso-
ciated with serum leptin concentration, growth, feed intake, feed-
ing behavior, and measures of carcass merit, J. Anim. Sci., 83,
20-28, https://doi.org/10.2527/2005.83120x, 2005.

Orrt, L., Terzano, G., Napolitano, F., Savarese, M., De Matteis,
G., Scatd, M., Catillo, G., and Moioli, B.: DNA polymorphisms
in river buffalo leptin gene, Ital. J. Anim. Sci., 6, 342-344,
https://doi.org/10.4081/ijas.2007.s2.342, 2007.

Ozdil, F. and 1lhan, F: DGATIl-exon 8 polymor-
phism in Anatolian buffalo, Livest. Sci.,, 149, 83-87,
https://doi.org/10.1016/j.1ivsci.2012.06.030, 2012.

Ozkan Unal, E., Soysal, M. 1., Yiincii, E., Dagtas, N. D., and Togan,
I.: Microsatellite based genetic diversity among the three water
buffalo (Bubalus bubalis) populations in Turkey, Arch. Anim.
Breed., 57, 8, https://doi.org/10.7482/0003-9438-57-008, 2014.

Scata, M., Grandoni, F., Antonelli, S., De Matteis, G., and Napoli-
tano, F.: Single nucleotide polymorphisms detected and in
silico analysis of the 5’ flanking sequence and exon 1 in
the Bubalus bubalis leptin gene, J. Buffalo Sci., 1, 73-77,
https://doi.org/10.6000/1927-520X.2012.01.01.13, 2012.

Shi, D. S., Wang, J., Yang, Y., Lu, F. H, Li, X. P, and Liu, Q.
Y.: DGAT1, GH, GHR, PRL and PRLR polymorphism in water
buffalo (Bubalus bubalis), Reprod. Domest. Anim., 47, 328-334,
https://doi.org/10.1111/5.1439-0531.2011.01876.x, 2012.

Soysal, M. 1.: Anatolian water buffaloes husbandry in Turkey, Buf-
falo Bull., 32, 293-309, 2013.

https://doi.org/10.5194/aab-65-1-2022

Soysal, M. L., Tuna, Y. T., Gurcan, E. K., Ozkan, E., Kok, S.,
Castellano, N., Cobanoglu, O., and Barone, C. M. A.: Anato-
lian water buffaloes husbandry in Turkey: preliminary results
on somatic characterization, Ital. J. Anim. Sci., 6, 1302-1307,
https://doi.org/10.4081/ijas.2007.s2.1302, 2007.

Winter, A., Kramer, W., Werner, F. A. O., Kollers, S., Kata, S.,
Durstewitz, G., Buitkamp, J., Womack, J. E., Thaller, G., and
Fries, R.: Association of a lysine-232/alanine polymorphism
in a bovine gene encoding acyl-CoA:diacylglycerol acyltrans-
ferase (DGAT1) with variation at a quantitative trait locus for
milk fat content, P. Natl. Acad. Sci. USA, 99, 9300-9305,
https://doi.org/10.1073/pnas.142293799, 2002.

Tanpure, T., Dubey, P. K., Singh, K. P., Kathiravan, P., Mishra, B.
P., Niranjan, S. K., and Kataria, R. S.: PCR-SSCP analysis of
leptin gene and its association with milk production traits in river
buffalo (Bubalus bubalis), Trop. Anim. Health Prod., 44, 1587—
1592, https://doi.org/10.1007/s11250-012-0111-7, 2012.

Tantia, M. S., Vijh, R. K., Mishra, B. P., Mishra, B., Kumar, B. S.
T., and Sodhi, M.: DGAT1 and ABCG2 polymorphism in Indian
cattle (Bos indicus) and buffalo (Bubalus bubalis) breeds, BMC
Vet. Res., 2, 32, https://doi.org/10.1186/1746-6148-2-32, 2006.

Yang, J., Yan, R., Roy, A., Xu, D., Poisson, J., and Zhang, Y.: The
I-TASSER Suite: protein structure and function prediction, Nat.
Methods, 12, 7-8, https://doi.org/10.1038/nmeth.3213, 2015.

Yeh, F., Yang, R. C., and Boyle, T.: Popgene (v. 1.32), Mi-
crosoft windows-based freeware for population genetic anala-
ysis, available at: http://www.ualberta.ca/~tfyeh/PoP32.exe (last
access: 15 September 2021), 2000.

Arch. Anim. Breed., 65, 1-9, 2022


https://doi.org/10.2527/2004.8282451x
https://doi.org/10.2527/2005.83120x
https://doi.org/10.4081/ijas.2007.s2.342
https://doi.org/10.1016/j.livsci.2012.06.030
https://doi.org/10.7482/0003-9438-57-008
https://doi.org/10.6000/1927-520X.2012.01.01.13
https://doi.org/10.1111/j.1439-0531.2011.01876.x
https://doi.org/10.4081/ijas.2007.s2.1302
https://doi.org/10.1073/pnas.142293799
https://doi.org/10.1007/s11250-012-0111-7
https://doi.org/10.1186/1746-6148-2-32
https://doi.org/10.1038/nmeth.3213
http://www.ualberta.ca/~fyeh/PoP32.exe

	Abstract
	Introduction
	Materials and methods
	Experimental animals and blood collection
	Primers, total DNA extraction and PCR
	Sequencing and data analysis

	Results
	Discussions
	Conclusion
	Ethical statement
	Data availability
	Supplement
	Author contributions
	Competing interests
	Disclaimer
	Financial support
	Review statement
	References

