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Abstract: Background: Albinism is a genetic condition marked by a lack of melanin in the skin, hair, and eyes, leading to 
increased sensitivity to light and susceptibility to skin cancer. Oculocutaneous albinism in buffaloes is caused by a G>A 
mutation in the tyrosinase gene, which introduces a premature stop codon, rendering the enzyme inactive. Despite 
efforts to prevent genetic defects, albinism persists because it is an autosomal recessive trait. This study used capillary 
sequencing to analyze the tyrosinase gene in local buffaloes. 

Methods: One hundred forty-eight (148) buffaloes were sampled for genomic DNA extraction, followed by PCR 
amplification of the reported region of the tyrosinase gene with G>A mutation associated with albinism. The PCR 
products were subjected to Sanger chain termination sequencing. Genotypic frequencies were computed manually, and 
phenotypic association was done descriptively. 

Results: The proportion of phenotypically albino-looking buffaloes was 4.76% of the sampled animals and are 
homozygous for the A allele of the G>A mutation at position 1494 of the tyrosinase gene. These were all riverine-type 
buffaloes. Phenotypically white but with pigmented irises were all swamp buffaloes and comprised 4.17% of the sampled 
animals. All swamp buffaloes sampled, including the phenotypically white with pigmented irises, were homozygous for 
the G allele of the G>A mutation at position 1494, suggesting these are not similar cases of oculocutaneous albinism. 

Conclusions: The study established baseline data on the prevalence of albinism and identified new mutations in the 
tyrosinase gene for further research on their effects on color phenotypes and production potential. 

Keywords: Albinism, tyrosinase gene, mutation, polymerase chain reaction (PCR), DNA sequencing, buffaloes, 
carabao. 

INTRODUCTION 

Over the years, the demand for food sustainability 
and security has intensified due to the continuous 
increase in the world population. In the Philippines 
alone, the projected population is expected to reach up 
to 126 million by 2030 [1], resulting in an annual 
addition of approximately 1.2 million Filipino individuals. 
Both the government and the private sectors are now 
focused on strengthening the country's local plants and 
animals as food sources in the upcoming years to 
address this issue. The use of genetic and reproductive 
biotechnologies would enhance the improvement and 
dissemination of superior genetics to the population. 
Marker-assisted breeding and genome-wide 
association analysis have become crucial tools for 
identifying important genes associated with the desired 
traits, which serve as the foundation for the selection 
processes [2, 3]. 
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For instance, water buffaloes (Bubalus bubalis) are 
specifically promoted and propagated in the country as 
a source of meat, milk, dairy products, draft power, and 
hide. They have been important animals in the 
agricultural fields and have become an integral part of 
Filipino traditions [4]. Dairy breeds have also been 
continuously improved through genetic improvement 
programs to increase milk, fat, and protein yield 
potential with every calf born [5]. Meanwhile, the 
swamp types are being studied for their utilization in 
providing good quality meat. Several important 
measures, such as thermotolerance [6] and improved 
buffalo pregnancy by reproduction-assisted techniques 
[7], have also been established. Concerns regarding 
the build-up of inbreeding have been raised, especially 
in areas where some popular bulls are heavily used in 
artificial insemination programs and the interest in 
propagating white buffaloes that are assumed to be 
albinos. As albinism has an autosomal recessive 
inheritance, the occurrence of genetic defects or 
abnormalities that could have a lethal effect on the 
local buffalo population is one avenue to look from. 
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A genetic defect arises from abnormalities in either 
the entire or a portion of a species' deoxyribonucleic 
acid (DNA) sequence. It can result from the mutation of 
a single gene, mutations in multiple genes, 
environmental factors, or damage to chromosomes [8]. 
Various economically significant genetic defects in 
water buffaloes have already been identified, including 
musculoskeletal and gastrointestinal defects, 
craniofacial malformations, and sexual development 
and skin defects such as freemartinism, acantholytic 
mechanobullous dermatosis and albinism [9, 10]. 
Hence, there is a careful need to identify possible 
genes and polymorphisms affected by these 
aforementioned methods and investigate their effect on 
the water buffaloes. 

Albinism is a heritable genetic condition 
characterized by the partial or complete absence of 
pigmentation in the skin, hair, and eyes, resulting in a 
distinctive white or pale appearance [11]. While 
observed across various species, its occurrence is 
relatively infrequent compared to the normal types. In 
humans, the prevalence is approximately one in 40,000 
births, whereas in animals, it ranges from one in 10,000 
to one in a million individuals, a condition considered 
rare [12, 13]. At the molecular level, it is due to 
mutations in the genes associated with melanogenesis. 
Key genes implicated in this process include 
melanocortin 1 receptor (MC1R), agouti-signaling 
protein (ASIP), microphthalmia transcription factor 
(MITF), tyrosine kinase receptor (KIT), and the 
tyrosinase gene family (TYR, TYRP1, TYRP2). Among 
these, tyrosinase (TYR) plays a direct and critical role 
in the synthesis of the two melanin types, eumelanin, 
and pheomelanin, acting as the rate-limiting enzyme in 
the catalysis of tyrosine into L-dihydroxyphenylalanine 
(DOPA) and the subsequent oxidation of DOPA to 
dopaquinone, the final metabolite for melanin 
production. As a result, any disruption in tyrosinase 
biosynthesis not only halts melanin production but also 
compromises melanin-associated functions, such as 
pigmentation, photoprotection, immunity, antioxidation, 
and thermal regulation [14,15]. Consequently, albinism 
is frequently associated with extreme photophobia, low 
immunity, poor thermoregulation, and a range of eye, 
skin, and health issues, significantly affecting the 
affected individuals. Hence, understanding the etiology 
of albinism and the diverse genetic controls associated 
with this condition is crucial, particularly in the context 
of farm animals [16]. 

Albinism in water buffaloes was first reported back 
in 1925 [17]. However, the molecular mechanism 

underlying this condition was not clear until the report 
of Damé et al. [18] naming the variation in the exon 5 
of the tyrosinase gene as the causative mutation for 
albinism in riverine (RV) buffaloes. This polymorphism 
was not yet studied in the local swamp type (PC) 
buffaloes hence, in this study, the exon 5 of the 
tyrosinase gene was investigated through molecular 
techniques and determined its association with 
albinism and other visibly distinct features of 
pigmentation in the local breeds of water buffaloes in 
the Philippines. 

MATERIALS AND METHODS 

Ethics Statement 

Collection of blood, frozen semen, and other 
appropriate tissue samples followed the guidelines on 
animal use and care as implemented by the Philippine 
Carabao Center’s Research Ethics Committee. 

Sample Collection 

Epidemiological data was extracted from existing 
records at the Philippine Carabao Center. Frozen 
semen, blood, or tissue samples were available to 
extract the genomic DNA of albino and non-albino 
animals. The present study targeted a total of 148 
semen samples representing the population of the 
donor bulls used for artificial insemination of buffalo 
heifers and cows in all of the PCC herds across the 
Philippines. Of the 148 semen samples, nine samples 
were of swamp type (PC), and 139 were of riverine 
(RV) type. Of the 139 riverine bulls, 2 were 
phenotypically albino, which already produced albino 
calves. Additional buffalo families from farmers with 
produced albino offspring were also used to investigate 
the tyrosinase mutation further. 

Genomic Deoxyribonucleic Acid (DNA) Extraction 

Genomic DNA from the collected whole blood 
samples was extracted using a high-salt concentration 
procedure using the Promega Wizard® Genomic DNA 
Purification Kit (Promega Corporation, USA), following 
the manufacturer's protocol with slight modifications. 
DNA from semen, tissue, and hair samples was 
extracted using the Qiagen DNEasy™ Blood and 
Tissue Kit (Qiagen, Germany) with slight modifications 
per the PCC Molecular Genetics Laboratory protocol. 

Determination of DNA Quality and Quantity 

Total genomic DNA was assessed using an 
agarose gel electrophoresis and quantified in a 
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NanoDrop™ 2000 Spectrophotometer (Thermo Fisher 
Scientific, USA). A total of 120 ml 2% agarose gel with 
2.4 µl GelRed nucleic acid stain was prepared, and 2 µl 
of isolated genomic DNA with 2 µl 2X loading dye was 
run in the gel. Mupid-exU electrophoresis was used to 
run the samples for 50 minutes at 100 volts. The gel 
was visualized under UV light, and the integrity of the 
isolated gDNA was checked. Invitrogen™ 100 bp 
ladder (Thermo Fisher Scientific, USA) was used as 
the molecular ladder. On the other hand, one microliter 
of the isolated gDNA was used to measure DNA 
concentration and purity. DNA samples with 
concentrations ranging from 30-100 ng/µl were used 
for succeeding analyses. 

Polymerase Chain Reaction (PCR) 

The G to A mutation of the tyrosinase gene was 
investigated through the primers designed by Damé et 
al. [18]. The primer sequences, presented in Table 1, 
targeted the 377 bp region located in exon 5 of the 
tyrosinase gene. PCR reactions were prepared and 
optimized in a final volume of 10 µL composed of 1X 
GoTaq® PCR buffer, 2 mM MgCl2, 0.15 mM dNTPs 
(iNtRON Biotechnology, South Korea), 0.3 µM each of 
the forward and reverse primers, 0.05 unit of GoTaq® 
Flexi DNA Polymerase (Promega Corporation, USA) 
and 1 µL of template DNA. PCR reactions were 
performed in a Swift™ MaxPro (Esco Lifesciences 
Group, Singapore) thermal cycler with an initial 
denaturation of 95°C for 10 minutes followed by 30 
cycles of denaturation at 95°C for 15 seconds, 
annealing at 65 °C for 1 minute and extension at 72°C 
for 1 min. A final extension step at 72°C for 10 minutes 
was added and was stored at 4˚C until further analysis. 

Available PCR products were then loaded on a 2% 
agarose gel and checked for amplification. One 
hundred base pair DNA marker ladder (Invitrogen™, 
Thermo Fisher Scientific, USA) was used for standard 
sizing of PCR products. 

Sequencing and Analysis 

PCR products of all sampled animals were purified 
using the ExoSAP-IT™ Express PCR Product Cleanup 

Reagent (Applied Biosystems™, Thermo Fisher 
Scientific, USA) followed by the sequencing reaction 
using BigDye™ Terminator v3.1 Cycle Sequencing Kit 
(Applied Biosystems™, Thermo Fisher Scientific, USA) 
and standard ethanol precipitation. These products 
were then transferred in a genetic analyzer barcoded 
plates for sequencing using the ABI 3500xl Genetic 
Analyzer (Applied Biosystems™, Thermo Fisher 
Scientific, USA) wherein the rapid sequencing analysis 
template was used to run the sequencing analysis. A 
double pass sequencing reaction (forward and reverse) 
per sample was prepared to cover the 377 bp region of 
the tyrosinase gene. 

The resulting sequences were assessed and 
analyzed with Geneious Prime® Software version 
2023.2.1 (Biomatters, Inc., New Zealand), which 
included quality control, trimming, contig assembly, and 
sequence alignment. Identities of the contiguous 
sequences were checked using the Basic Local 
Alignment Tool (BLAST) and compared to the TYR 
gene of B. bubalis available in the National Center for 
Biotechnology Information (NCBI) with accession 
number JN887462.1. Genotypic frequencies were 
computed manually and phenotypic association was 
done descriptively. 

RESULTS AND DISCUSSION 

Characterization of the Sampling Population 

The domestic water buffaloes were typically large 
ruminants with a distinctive dark appearance. They are 
of two types: the riverine and the swamp types. The 
riverine buffaloes mainly were black or gray, extending 
from their short, curved horns to their hooves and tails. 
Some distinct breeds, like Nili-Ravi, would typically 
have white hairs on the forehead, muzzle, tail, and legs 
and would have walled bluish-iris [19]. On the other 
hand, the swamp types display a variety of skin 
pigmentation ranging from black to grey, brown to 
reddish brown, pinkish to white, and some appear lined 
and spotted. To date, there is no clear information 
about these pigmentation patterns [20]. However, 
several genes and gene products were suspected of 

Table 1: TYR Primer Details (Damé et al., 2012) 

PRIMER 5' – 3' LENGTH TM % GC PDT SIZE 

Forward: TAGAACAAGCACAACGAATCTGGG 24 61.33 45.83 

Reverse: AAAGCAAGCACAGGTGGCTTCTAC 24 63.84 50.00 
377 bp 
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causing these pigment variations. Some of which were 
syndromic in nature. In this study, the tyrosinase gene 
was investigated to be causing the albinistic white 
phenotype in the local breeds of riverine and swamp-
type water buffaloes.  

The total number of animals studied was 168, of 
which eight (4.76%) appeared to be phenotypically 
albino due to their total white/pinkish appearance, 
including a non-pigmented iris that looked 
bluish/pinkish (Figure 1A-D). Seven (4.17%) appeared 
to be only white with colored/pigmented black irises 
(Figure 1E-F), and the other 153 animals (91.07%) 
were black, brown, or grey. 

Of the classified animals, all eight albinos were 
either riverine or crossbred (CB), as shown in Table 2. 
All seven white animals were either swamp or 
crossbred, and the black phenotype was observed 
across various water buffalo types. Figure 1 shows the 
difference between an albino and a white carabao, 
which differed in the color of the eyes. These observed 
phenotypes are typically based on previous reports, 
whereas the swamp types display various 
pigmentation, but the irises remain pigmented [17, 20].  

Tyrosinase Gene Polymorphism 

The 377 bp fragment of Exon 5 of the tyrosinase 
gene, located in B. bubalis chromosome 5 were 

sequenced to determine the presence of 
polymorphisms across the different types of water 
buffaloes. All 168 individuals sampled were sequenced 
and results revealed at least 99.7% homology to the 
deposited B. bubalis tyrosinase gene sequences in the 
NCBI database. Figure 2 shows the amplified 377 bp 
fragment of the tyrosinase gene in water buffaloes. 

Within the targeted sequence, a total of four sites 
varied across different water buffalo types. These 
variations were found at nucleotide positions G1494A, 
T1499C, G1568A, and G1720A, respectively (Table 3, 
Figure 3), when mapped to reference JN887462.1 
deposited in the NCBI GenBank™. The G>A mutation 
at position 1494 was first reported by Damé et al. [18] 
to be causing complete albinism in riverine buffaloes, 
that is, the absence of visible pigmentation in the skin, 
hair, and eyes. This mutation converts the tryptophan 
(W) residue into a stop codon, leading to the truncation 
of the signal peptide responsible for delivering the gene 
product into the melanosome. This primarily disrupts 
the catalysis of tyrosine into the two melanin products, 
hence the total white appearance. This is also called 
oculocutaneous albinism (OCA) type I in humans [13]. 
The riverine buffaloes are polymorphic at position 
G1494A, wherein the seven (7) AA and one (1) GA 
genotypes were all phenotypically albino. While there 
were two crossbred albinos, these were also sired by 
riverine bulls. At nucleotide position T1499C, the 

 
Figure 1: A crossbred calf (A) indicating signs of complete albinism in the eyes (B), muzzle (C), and hooves (D) and a herd of 
white swamp buffaloes (E) characterized by having white hair, pink skin, and pigmented iris (F). 
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riverine buffaloes are non-polymorphic with 
homozygous TT genotype.  

On the other hand, the swamp buffaloes are 
homozygous GG at nucleotide position G1494A and 
polymorphic at position T1499C (Table 3). The swamp 
buffaloes that are phenotypically white with pigmented 
iris are all homozygous GG at nucleotide position 
G1494A, and it is highly indicative that these are not 
genetically albinos. The white buffaloes described 
herein are similar phenotypically to the Levin report 
[17]. The polymorphism at the four (4) nucleotide 
positions could not establish a specific genotype that is 
consistent with the occurrence of white buffaloes. The 
results of this study suggest that other genes may be 
involved or influencing the phenotypically white swamp 
buffaloes. 

In this study, it is clear that the mutation at nucleotide 
position G1494A of the tyrosinase gene with the AA 
genotype determines the occurrence of albinism and 
supports the findings of Damé et al. [18]. The presence 
of a single phenotypically albino buffalo, which is 
heterozygous GA and TC genotypes at positions 
G1494A and T1499C, respectively, suggests a manner 
of inheritance other than autosomal recessive might be 

possible. While there were other riverine buffaloes with 
GA genotype at position G1494A that are not 
phenotypically albino, these have TT genotype at 
position T1499C, suggesting heterozygosity is required 
at this position to produce phenotypically albino 
animals if the genotype at position G1494A is GA. This 
information will contribute to a better understanding of 
the pattern of inheritance of albinism. Further study 
with a bigger data set is warranted. It would appear that 
the A allele at position G1494A is not present in the 
local swamp buffalo population, but due to a 
crossbreeding program being conducted, the A allele 
might eventually be introgressed into the population. 
Identifying the causative gene and developing a 
screening test is needed as it is possible that in the 
future, a buffalo might inherit the mutant allele for both 
albinism and white buffalo. The genotype and allele 
frequencies of the four polymorphic sites in the 
tyrosinase gene that were investigated from the 
sampled animals are shown in Table 4. The genotype 
frequency for the AA, GA, and GG genotypes at 
nucleotide position G1494A were 4.2%, 10.7%, and 
85.1%, respectively. The frequency of the GA genotype 
in this study is higher than those reported by 
Bernardino et a. [21], wherein they sampled 
phenotypically normal Brazilian riverine buffaloes. In 

Table 2: The Proportion of Albino, White, and Dark-Haired Buffaloes according to Breed from Sampled Animals 

PHENOTYPE PC CB RV TOTAL PERCENTAGE, % 

Albino – pink skin, white hair, pink/non-pigmented iris.  2 6 8 4.8 

White–pink skin, white hair, pigmented iris 5 2  7 4.2 

Jet Black – typical of the riverine type  4 139 143 85 

Dark brown/Gray – typical swamp phenotype with chevron 10   10 6 

TOTAL 15 8 145 168 100 

PC – swamp-type Philippine carabao, CB – crossbred between swamp and riverine-type buffaloes, RV – riverine-type buffalo. 
 

 
Figure 2: Optimized PCR amplification of the 377 bp-fragment of the tyrosinase gene in buffaloes: Lane M - 100 bp DNA ladder; 
Lanes 1–12, amplified products. 
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Table 3: Polymorphism of the Tyrosinase Gene at the Four Nucleotide Positions according to Breed and Phenotype 

TYROSINASE GENE NUCLEOTIDE POSITION 
PHENOTYPE BREED 

G1494A T1499C G1568A G1720A 
N 

ALBINO RV GA TC GG GG 1 

ALBINO RV, CB AA TT GG GG 7 

WHITE PC GG TC GG GG 2 

WHITE PC, CB GG TT GG GG 5 

Black/Gray PC GG TT GG GG 1 

Dark Brown PC GG TT GG GG 3 

Dark Brown PC GG TC GG GG 4 

Dark Brown PC GG CC GG GG 2 

Jet Black RV GG TT GG GG 62 

Jet Black RV, CB GG TT GG GA 10 

Jet Black RV GG TT GG AA 2 

Jet Black RV GG TT GA GG 43 

Jet Black RV GG TT GA GA 5 

Jet Black RV GG TT AA GG 4 

Jet Black RV, CB GA TT GG GG 11 

Jet Black RV, CB GA TT GG GA 3 

Jet Black RV GA TT GA GG 3 

TOTAL      168 

RV – Riverine type buffalo, PC – swamp-type buffalo or carabao, CB – crossbred (a cross between riverine and swamp-type buffaloes). 
 

 
Figure 3: Nucleotide alignments showing point mutations at positions 1494 (red) and 1499 (black) in riverine and swamp water 
buffaloes. 
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Table 4: Genotype and Allele Frequencies at the Four Polymorphic Nucleotide Positions in the Tyrosinase Gene  

FREQUENCY 

GENOTYPE AT NUCLEOTIDE POSITION GENOTYPE ALLELE 

G1494A n % A G 

AA 7 4.2 0.10 0.90 

GA 18 10.7   

GG 143 85.1   

TOTAL 168    

T1499C n % C T 

CC 2 1.2 0.03 0.97 

TC 7 4.2   

TT 159 94.6   

TOTAL 168    

G1568A n % A G 

AA 4 2.4 0.18 0.82 

GA 51 30.4   

GG 113 67.3   

TOTAL 168    

G1720A n % A G 

AA 2 1.2 0.07 0.93 

GA 18 10.7   

GG 148 88.1   

TOTAL 168    

 

contrast, this study purposely sampled semen donor 
bulls and animals reported to be phenotypically albino 
and their families. 

The presence and use of heterozygous GA 
genotyped bulls at nucleotide position G1494A could 
increase the production of carrier females in the 
population. Concern was raised regarding the 
reproductive performance of albino carrier cows, 
especially regarding the male/female sex ratio. There 
appear to be proportionately fewer female calves born 
from albino carriers (P=0.0409) compared to non-
albino cows based on past calving/reproductive records 
of a single herd (Table 5). The albino carrier cows were 
not genotyped but assumed as carriers as these were 
sired by a homozygous AA albino bull and 
subsequently mated to different albino carrier bulls 
(bulls were genotyped to be heterozygous GA). The 
status of the non-carrier cows was also assumed 
based on pedigree records as these were not 
genotyped, and data gathered was from past 
performance. The calves born were mating with 
heterozygous GA bulls; thus, there is no possibility of 

producing homozygous AA calves. The 
disproportionately fewer female calves born from 
mating heterozygous individuals suggest that female 
embryos could be lost due to early embryonic death. 
Further study is warranted to understand the 
disproportionate sex ratio, including test mating and 
early pregnancy detection, to determine if there is early 
embryonic death occurring.  

In rural communities where there are white swamp 
buffaloes, there is a greater demand for riverine albino 
bulls for breeding, with the expectation that the 
resulting offspring would be albino as well. This may 
not necessarily be the case unless the white swamp-
type buffalo is homozygous CC at position T1499C or 
perhaps a small chance if it is of TC genotype. The use 
of homozygous albino bulls and heterozygous carriers 
in an artificial insemination (AI) program would increase 
the number of heterozygous carriers in the local buffalo 
population. If indeed homozygous AA female embryos 
result in early embryonic death, the government's herd 
build-up program would be affected by a reduced 
pregnancy rate or an increase in the re-breeding rate 
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among albino-carrier female buffaloes. Identifying 
carriers of albinism-associated mutations through 
genetic testing can inform selective breeding programs, 
helping to avoid the propagation of albinism as a 
conservative approach until more information regarding 
disproportionate sex ratio is known. In some cultures, 
white or albino animals hold special significance and 
may be preferred for cultural or religious reasons. 
Understanding the genetic basis allows for informed 
decisions that balance cultural preferences with animal 
health and management practices.  

CONCLUSIONS  

The oculocutaneous albinism gene was investigated 
in this study, and capillary sequencing was used to 
analyze, in particular, the G>A mutation in the 
tyrosinase gene in local buffaloes. Four polymorphic 
sites in the tyrosinase gene were investigated. The 
proportion of phenotypically albino-looking buffaloes 
was 4.76% of the sampled animals and are 
homozygous for the A allele at nucleotide position 
G1494A mutation of the tyrosinase gene. One 
phenotypically albino bull was heterozygous GA and 
TC at nucleotide position 1494 and 1499, respectively. 
The result suggests that aside from assumed 
autosomal recessive, other patterns of inheritance may 
be possible with oculocutaneous (OCA) albinism. 
These were all riverine-type buffaloes.  

Phenotypically white but with pigmented irises were 
all swamp buffaloes and comprised 4.17% of the 
sampled animals. All swamp buffaloes sampled, 
including the phenotypically white with pigmented 
irises, were homozygous for the G allele at nucleotide 
position G1494A mutation of the tyrosinase gene, 
suggesting these are not similar cases of 
oculocutaneous albinism. Further research into 
identifying the gene/s involved in producing 
phenotypically white swamp buffaloes is to be 
considered. 

The study established baseline data on the 
prevalence of albinism and identified new mutations in 
the tyrosinase gene for further research on their effects 
on color phenotypes and production potential. Further 
study involving bigger data set and investigation into 
the possible early embryonic death of female embryos 
from heterozygous albino carrier cows is needed to 
understand the inheritance of OCA albinism. 
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