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Abstract

Fatty acid binding protein 4 (FABP4) and thyroglobulin (TG) genes have a vital role in the fat deposition process. The target
of this study was to detect the genetic polymorphisms of two functional genes related to lipid metabolism (FABP4 and TG)
in buffalo reared in Egypt. Allele identification was done by characterizing the PCR products using the PCR-RFLP, where,
gene amplification was digested using specific restriction endonuclease enzymes. The single nucleotide polymorphisms
(SNPs) were identified by sequencing each PCR product after purification. The protein 3D tertiary structure of the FABP4
gene polypeptide and the effects of amino acids substitution on their structures were analyzed. The results showed two
nsSNPs in FABP4 that produced two amino acid substitutions in the coiled region of the polypeptide. These substitutions
have a high conservative score with low sensitivity for mutation. In the TG gene studied region (untranslated region), three
SNPs were recognized. We can conclude that FABP4's amino acid substitutions were conservative and that changing a
specific amino acid to an amino acid with a similar set of biochemical properties frequently enhances the function of the
protein. FABP4 and TG genes must be studied concerning Egyptian buffalo to be used as markers for enhancing the quality
of meat.

Keywords: Meat quality-related genes; Egyptian Buffalo; Genetic polymorphism; RFLP; 3D structure protein prediction.

1. Introduction

Egypt is an agricultural country, and livestock is a significant part of the Egyptian economy. The
Egyptian buffalo (Bubalus bubalis) makes a substantial contribution to Egypt's agricultural economy and food
security [1]. The production of buffalo accounts for around 24.5 percent of agricultural gross domestic output
[2]. Buffaloes are an adapt source of healthful yields and have brilliant competence to alive on marginal
resources underneath adverse ecological conditions [3; 4].

Sustaining a great rate of meat consumption necessitates requires paying attention to not only
quantitative traits but also to the meat properties. paying attention not only to quantitative traits but also to meat
quality and dietary properties. Numerous genes have an impact on carcass fatness and meat quality traits.
Candidate genes have fruitful applications in recognizing numerous DNA markers allied with production traits
in farm animals. The recent availability of formerly identified molecular markers has opened up novel
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possibilities to use molecular data in the programs of selection. Gene polymorphisms have been investigated and
assessed as prospective applicants for meat quality molecular markers [5].

Determining the genetic variations role in phenotypic traits and their physiological properties is the
main challenge for genetics. Numerous researches have examined the associations between genotypic variations
and heat stress, reproduction, behavior, coat color, and production traits in buffaloes [6]. Numerous genes
related to growth rate, carcass weight, lean meat, marbling, and tenderness have been found and are now
regarded as important determinants of meat quality [7].

Genes playing a key role in lipid metabolism are significantly linked to the lipid profile. The fatty acid
binding protein 4 (FABP4) and thyroglobulin, (TG) genes have a vital role in the fat deposition process [8].
Fatty acid binding protein 4 is a candidate gene for meat quality traits in livestock and poultry [9]. FABP4 gene
belongs to the FABP family of intracellular lipid binding proteins, which includes nine tissue-specific
cytoplasmic FABP members [10]. It plays a critical role in maintaining lipid and glucose homeostasis [11].
Qinchuan cattle FABP4 g.2834 C>G polymorphism is significantly associated with meat traits and muscle area
of the eye [12], while g. 220 A< G is connected to muscle depth and the intramuscular fat [11].

The TG gene plays a key role in the regulation of energy balance and body weight control [13]. The
TG is considered a functional and positional candidate gene for QTL with an effect on fat deposition [14]. It has
been identified as having a significant association with the marbling score and is used in marker-assisted
selection programs to improve the performance of intramuscular fat content in beef production [15].
Polymorphism in TG has been linked with back fat thickness and marbling in cattle beef besides milk traits in
dairy cattle [16]. Recently, the genetic variants of the TG gene were primarily associated with intramuscular fat
content, differentiation of bovine adipocytes, and lipid metabolism. The C422T marker is an SNP that results
from a C/T base change at position 422 in the TG gene's 5' promoter region [17].

Single nucleotide polymorphism (SNP) is the utmost public form of DNA variation in mammals. SNPs
are typically created when errors (substitution, insertion, and deletion) occur and are aid as excellent genetic
markers for carrying out association studies related to different traits [18]. It has been stated that SNPs of some
genes are allied with meat quality and may affect protein, thus alters its structure and functionalities [5].

The objective of this study was planned to identify the single nucleotide polymorphism in FABP4 and
TG gene regions in Egyptian buffalo individuals using RFLP and sequencing. In addition, study the impact of
the detected SNPs on the protein structures and function using bioinformatics methods.

2. Materials and Methods
2.1Animals and Management

Eighty-four blood Samples of river Egyptian buffalo were obtained from the private farm in Kafr
Almayasrah, Damietta Governorate, Egypt. The experiment was carried out by all ethical principles and animal
rights to ensure the safety of the experimental animals.

2.2Blood samples collection and Ethical declaration

The blood samples used in this study were collected by veterinarians through routine blood specimens
on commercial farm animals. Blood samples were withdrawn from the jugular vein thru 15 ml sterile test tubes
containing EDTA as an anticoagulant. The blood samples were then transported by an ice box then stored at -
20-C up to DNA isolation. The blood sampling was done specifically for this study, and the animals were not
linked to any experimental design. The study was carried out in Cell Biology Department, Biotechnology
Research Institute, National Research Centre, Giza, Egypt.

2.3Detection of single nucleotide polymorphisms (SNPs) and sequencing

Genomic DNA from 84 male buffalo individuals was used as a template for PCR amplification for
FABP4 and TG genes. PCR amplification was performed in a 20 pL reaction mixture, 2 pl of 100 ng genomic
DNA templates, 2 ul of 10X PCR-buffer, 1ul of each primer (10 uM), 2 pul dNTPs (10 mM), 0.1 pl (0.5 unit) of
Taq polymerase and finally 11.9 pl ddH20 to make up the volume. The primers used for the selected genes
were obtained from previous literature and purchased from Thermo-Fisher Scientific Company. FABP4: F-
ACCCCTATGATGCTATTCCACA, R-ATACGGTTCACATTGAGAGGGA and TG: F-
GGGGATGACTACGAGTATG AC TG;R-GTGAAAATCTTGTGGAGGCTGTA [19, 20]. The cycling
protocol was initial denaturation at 94°C for 5min, followed by 35 cycles of denaturation at 94°C for 1min,
annealing at 60°C for FABP4 55°C for TG for 1 min, and extension at 72°C for 1-1.5 min and a final extension
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at 72°C for 5-7min. The PCR products were checked using 1% agarose gel electrophoresis using the Gene Ruler
100 bp ladder and stained with ethidium bromide and visualized on a UV transilluminator.

The PCR products of FABP4 and TG genes amplification were digested using Fast digest restriction
enzymes Psul and Nla Il ((Fermentas, Thermo-Fisher Scientific Inc.). 10 pl of PCR product was digested with
1 pl of fast digest restriction enzymes at 37°C for one hour. PCR-RFLP was performed to detect the
polymorphisms for the loci FABP4 and TG. The restriction fragments were electrophoresed on a 2-3% ethidium
bromide-stained agarose gel in 1X TBE buffer. Gels were tested under UV light and photographed using an FX
Molecular Imager device (BIO-RAD).The PCR products for each genotype of the selected genes were
sequenced by Macrogen Incorporation (Seoul, Korea).

2.4Data Analysis

Sequences analysis and alignment of FABP4 and TG genes were performed using
NCBI/BLAST https://blast.ncbi.nIm.nih.gov/Blast.cgi. The protein sequences were predicted by EXPASY
software. The amino acid substitutions due to the presence of the SNPs were determined and nonsynonymous
SNPs (nsSNPs) were identified. The effect of the nsSNPs on protein functions was predicted by using the
online-based tools PredictSNP according to Bendl et al., [21]. Also, protein 3D tertiary structure was analyzed
using protein homology analogy recognition engine (Phyre2) software [22].

3. Results

Fatty acid binding protein 4 (FABP4) gene genetic polymorphism, sequencing, protein translation, and
analysis

The PCR amplification of the Egyptian buffalo FABP4 gene from all studied samples using forward and
reverse primers produced a DNA fragment with a molecular size of 566 bp that was extended from intron 2, exon
3 to intron 3 (Figure 1). The digestion of the FABP4 gene amplicon with restriction endonuclease Nla il
revealed a single undigested band with 566 bp, indicating that there was no mutation for this gene in the current
study, implying that all buffalo animal’s genotype was homozygous AA. Sequence analysis of the FABP4
amplicon (566 bp) was performed in five samples using both forward and reverse primers by (Macrogen
Incorporation, Seoul, Korea). The sequence alignment showed two nsSNPs; (A150T) was transversion and the
other was transition SNP (G261A) as seen in (Figure 2).

—
—_—
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Figure 1. Electrophoretic pattern obtained before and after digestion of PCR amplified FABP4 products with
Nla I restriction enzyme. Lane M represents 100 bp DNA ladder, Lanes (1-12) represent AA genotype

showed one undigested fragment at 566 bp.
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Figure 2. Chromatograms showing (A) transversion A/T and (B) transition G/A SNPs in
the FABP4 gene.

The percent identity obtained from the alignment of the sequenced fragment and its subsequent
translated amino acids with the other published species such as Bubalus bubalis (NP_001277890.1), Bos taurus
(NP_776739.1), Ovis aries (NP_001108139.1) and Capra hircus (NP_001272552.1) revealed 92, 91, 90 and 87
in comparison with their orthologous genes, respectively; while it was 97, 94, 91 and 91 for the resulted amino
acids analysis of FABP4 gene. The 566 base pairs of the FABP4 gene were translated into 182 amino acids,
having two non-synonymous mutations resulting in the amino acid transformation from isoleucine to
phenylalanine (149F) and valine to isoleucine (VV84l) in FABP4 polypeptide.

The 3D tertiary structure of the Egyptian river buffalo FABP4 polypeptide clarified that the predicted
model with 98.2% confidence, 45 residues of amino acids and covers 25% of the sequence (Figure 3 A). The
predicted secondary structure in the 3D model of FABP4 protein consists of a-helix structure representing 20%
of the model; Beta strands 49% while the disordered regions representing 14% of the model and TM helix equal
14% (Figure3B). The ‘SS confidence’ line point to the confidence of the prediction with red color indicating
high confidence.

PredictSNP software data revealed that the two nsSNPs (A150T and G261A) in the FABP4 gene
caused two amino acid substitutions 149F and V84l. The substitution 149F was predicted to be deleterious,
while, V841 was determined to be neutral (Figure 4).

Protein prediction analysis of 149F and V841 amino acids substitutions using the Phyre2 investigator showed that
isoleucine and valine are located in the coiled region with a high conservative score and low sensitivity to
mutation (Figure 5 & 6).

Figure 3. The predicted 3D tertiary structure of the Egyptian Water buffalo FABP4 protein (A) and
secondary structure showing the sulfide bonds within the polypeptides (B).
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Figure 4. Analysis of FABP4 amino acids nsSNPs using PredictSNP tools.
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Figure 5. The results of the phyre2 investigator showed the wild amino acid isoleucine located in

a coiled region.
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Figure 6. The result of phyre2 investigator showed the wild amino acid valine

located in a coiled region.

Thyroglobulin (TG) gene polymorphism

The PCR amplification of the TG gene resulted in a DNA fragment of 545 bp in the tested
sample of Egyptian river buffalo (Figure 7). The digestion of the PCR products of the TG gene with
restriction enzyme Psul yielded one pattern with the C allele at positions (71, 179, and 295 bp) as seen in
(Figure 8) and hence the CC genotypic frequency was 1.00. The alignment of the two haplotypes of the
TG gene recognized three SNPs, one transition (C78T) and transversion (G290C and C448A) (Figure 9).
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Figure 7. Electrophoretic pattern obtained from PCR amplified TG products. Lane M represents 100 bp DNA ladder and, Lanes (1-23)

represents AA genotype.

295 bp

179 bp

71 bp

Figure 8. Agarose gel electrophoresis of TG/ Psul RFLP fragments. Lane M, 100bp DNA ladder, lanes (1-7) Genotype CC (295, 179, and

71bp).

Figure 9. Chromatograms showing (A) T/C SNP; (B) C /G SNP; C) C/A SNP in TG gene.
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Sequencing the amplified region of the buffalo TG GenBank accession number JX090181.1) produced
a nucleotide sequence of 545 bp that cover a part of the promoter (335-880 bp) as seen in Figure 10.

PREDICTED: Bubalus bubalis thyroglobulin (TG), mRNA

NCBI Reference Sequence: XM 006079344 4
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Figurel0. Bubalus bubalis thyroglobulin (TG) gene. Marker1-Marker?2 is the studied region.

4. Discussion

In the last decade, advances in molecular biology have enabled the identification of genomic regions
responsible for phenotypic variation in meat production traits. In various livestock species, several reports on
SNP associations with meat traits have been confirmed [23-26]. On different buffaloes, candidate genes with
single nucleotide polymorphisms (SNPs) associated with protein percentage [27, 28], and fatty acid composition
[29, 30] have been identified.

It is critical to identify important genes that control growth rate and milk yield in water buffalo to learn
more about the genetic mechanisms that control these traits. While numerous studies have examined the impact
of growth factors on dairy cow performance, documentation on the importance of these genes in water buffalo is
limited [31, 32]. Therefore, the identification of candidate genes concerned with milk and meat production
followed by detecting missense and nonsense mutations may be utilized in genetic selection for water buffalo
genetic improvement [33]. So the target of this work was to identify the genetic polymorphism in FABP4 and
TG lipid metabolism-related genes in Egyptian Buffalo and study the impact of the nsSNPs on the protein
structure of the studied genes.

The FABP4 is a candidate gene for carcass and meat quality traits in livestock and plays a key role in
fatty acid intake, transport, and metabolism [9]. In the current study, the investigation of 3691G>A SNP in
FABP4 gene by RFLP in Egyptian river buffalo using Nla 111 restriction enzyme revealed that this SNP did not
appear in all samples, implying that all buffalo animal genotype was AA. While the FABP4 sequence alignment
identified two nsSSNPs A150T and G261A with GC content. The presence of these resulting in two conservative
substitutions 149F and V84l in the coiled region of polypeptides. The 149F substitution was predicted to be
deleterious, while, the V841 was determined to be neutral. Kucukkal et al. [34] reported that both deleterious
and neutral missense variations were stated to be more frequently found in helices and coiled regions rather than
in B-strands, which considered more intolerant to mutations than a-helices. According to research by Abrusan
and Marsh [35], alpha helices and beta strands have very different tolerance levels for mutations. This is because
helices have more inter-residue contacts than strands that remain the same, which allows them to accumulate
more mutations, moreover, strands and helices are more robust for mutation than coils.

In the predicted amino acid sequence of the FABP4 protein of cattle, Hoashi et al. [36] found that
A220G and G328A SNPs resulted in conservative substitutions (174V, and V110M). These results are consistent
with our finding that the predicted amino acids for Egyptian buffalo FABP4 polypeptide contained high
conservative amino acid substitutions 149F and V84l. Conservative substitution is the replacement of amino acid
with another amino acid that has similar biochemical properties. Conservative substitutions in proteins
frequently improve function. Also, the feeble impact of conservative substitutes on function can be realized in
the incidence of different substitutions in nature [37].
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Other studies revealed that FABP4 polymorphisms might have an impact on growth and carcass traits in
sheep. Ghanem et al. [38] and Oh et al. [39] discovered strong associations between studied FABP4 SNPs and
carcass traits that are allied with meat quality traits. The A280G was associated with back fat thickness, the
G388A with marbling score, while, A280 G, G388A, G408C, and A456G with fatty acids composition. The
results showed that allele A had a favorable effect on IMF, marbling score, and tenderness, where higher IMF
content was associated with higher tenderness and higher marble score. In addition, EI-Mansy et al. [40]
indicated that polymorphism within the FABP4 gene may be associated with carcass characteristics, meat
quality, fat deposition, and marbling. These findings agree with earlier results in sheep [41], and in cattle [19].

The TG gene is thought to be one of the most important regulators of lipid levels and metabolism [42]. The
different genetic variations occurring in the 5’ region of the TG gene promoter that plays a critical role in the
regulation of transcription are widely used in marker-assisted selection (MAS) based breeding programs to
improve the prediction of marbling score and beef quality [43].

In the present study, the TG gene promoter region in Egyptian buffalo was investigated to identify the SNPs
using PCR-RFLP. In all of the tested samples, digestion of the TG gene PCR products with Psul yielded only
one pattern with the C allele (CC Genotype). In addition, the results revealed that the alignment of two
haplotypes of TG gene untranslated region displayed recognized three SNPs C78T, G290C, and C448A. This
was in agreement with Anwar et al. [44] who found that the TG DNA fragments (545bp) of 5’UTR of TG gene
in all tested samples have been shown one electrophoretic band pattern (CC genotype). Shin & Chung [45]
reported that animals of CC and CT genotypes had a greater marble score than that of TT genotype. Hou et al.
[16] found that the beef marbling score in the studied purebred Angus and Shorthorn cattle populations are
related to T354C, G392A, A430G, and T433G SNPs at the TG gene 3' flanking region, hence the higher value
of marbling score was found in CC animals than that carrying CT or TT genotypes.

In contrast, Bennett et al. [46] supported the effect of a TG SNP on meat tenderness trait, in which the
heterozygous animals (CT) had tenderer meat than homozygous animals (CC, TT). Moreover, in various breeds
of cattle and Bubalus bubalis, there was a link between SNPs in the TG gene and meat marbling [42, 47]. In the
TG gene 5’ flanking region of Chinese cattle the G275A, G277C, G280A, and C281G SNPs were toughly allied
with daily weight gain, but not by marbling score or back fat thickness [44]. Also. KOK and Vapur (15)
concluded that in Turkish Holstein bulls the TG gene C422T CC genotypes have more tender beef.

5. Conclusions

Different single nucleotide polymorphisms were identified in Egyptian buffalo samples. Two nsSNPs
were discovered in FABP4 and produced two amino acid substitutions in the polypeptide coiled region, while in
the TG gene, three SNPs were recognized. A protein prediction analysis of amino acid substitutions revealed
that FABP4's amino acids were highly conservative, changing a given amino acid to another amino acid with
similar biochemical properties that can frequently improve the protein function. In addition, genetic
polymorphism in the Egyptian buffalo TG gene promoter region has been clarified. The C allele's appearance
was consistent with earlier reports. So, to use FABP4 and TG as markers for enhancing the meat and milk
quality, an investigation of their association with Egyptian buffalo is required.
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