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Abstract
Background: Breast cancer type 1 (BRCA1) gene also known as breast cancer type 1 susceptibility protein homologue plays important
role in DNA double-strand break repair, homologous recombination, chromatin remodeling, cell cycle regulation and transcription
regulation. Objective: Considering the importance of this protein, the present study was undertaken to analyze BRCA1 gene of different
mammalian species by assessing the identity and similarity, phylogenetic relationship, physicochemical properties, predict the motifs,
secondary and the tertiary structures. Materials and Methods: Seventeen nucleotide and protein sequences of BRCA1 gene of different
mammalian species were retrieved from National Centre for Biotechnology Information (NCBI). Multiple sequence alignment was done
using CLUSTAL W software, while identity and similarity was determined by constructing a pair wise comparison. Results: Results obtained
at the end of the experiment showed that there was no percentage identity or similarity that was less than 70%. The phylogenetic
relationship of BRCA1 gene of the mammalian species clustered into aquatic, herbivores, carnivores and omnivores, respectively. The
highest time of divergence (95MYA) of the BRCA1 gene was observed between the BRCA1 gene of killer whale and human, while the least
time of divergence (4.6MYA) was observed between the BRCA1 gene of cattle and American buffalo. Physicochemical properties of BRCA1
proteins in the five mammalian species (cattle, sheep, pig, American buffalo and human) were found to be unstable, hydrophilic and
intracellular in nature. The following motifs were present  at  various positions in the BRCA1 gene of the five mammalian species; zinc
finger RING, BRCT domain, N-myristoylation site, N-glycosylation, cAMP and cGMP dependent protein kinase phosphorylation site, tyrosine
kinase phosphorylation, casein kinase 2 phosphorylation site, protein kinase C phosphorylation site and cell attachment sequence but
leucine zipper pattern and microbodies c-terminal motifs were found in only human BRCA1 gene. The BRCA1 secondary structure
contained the alpha helix, extended strand and random coil. Conclusion: Based on the results obtained, it can be deduced that BRCA1
gene has identical homologue, functional similarity and highly conserved in these mammalian species.
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INTRODUCTION

Breast cancer 1 early onset (BRCA1) also known as breast
cancer type  1  susceptibility   protein   homologue  is a breast
and ovarian  tumour  suppressor1. BRCA1 genes are involved
in the process of DNA damage repair, regulation of cell cycle
and transcription as well as other important pathway in the
bid to inhibit tumour and make sure genome stability is
maintained2,3.  However,  protein-truncating   mutations 
across BRCA1 have been implicated with an increased
cumulative risk of breast (60-80%) and ovarian (20-40%)
cancers4-7. According to Shen and  Vadgama8,  nearly half of
the reported changes in BRCA1  are  frame-shift   mutations9 
and thus expected to be disease-linked. Yuan et al.10  reported
bovine BRCA1 gene as a new candidate  gene   for bovine
mastitis, although BRCA1 gene polymorphism  associated 
with bovine mastitis in  various   cattle   breeds   have   not 
been  investigated. Nash et al.11 and Ruegg12 independently
observed that mastitis is a complex and common disease of
dairy  cattle,   which   causes  major economic losses to the
dairy industry. The genetic association of bovine mastitis
notwithstanding13, highlighted  other  factors  that might
cause bovine mastitis  such  as  pathogens,  poor 
management  practices   and  health of the dairy cattle.
Mastitis can manifest as clinical and subclinical forms. The
clinical  mastitis   shows  noticeable symptoms such as red 
and swollen mammary glands, while subclinical mastitis do
not reveal any obvious signs but is characterized by high
Somatic Cell Count (SCC), a normal or elevated body
temperature and milk samples that should test positive on
culture14.
The bovine BRCA1 gene has been mapped to

chromosome  19 (BTA19)6 and this location was within a
region of similar gene order as the BRCA locus in human
(chromosome  17)  and   mouse   (chromosome 11)6,15,16.
According to Madsen et al.17,  BRCA1 gene within mammalian
species shows high degrees of divergence, which probably
might affect its functionality and structural architecture in
different  organisms.  With  this  in  mind,  in  the present
study, we x-rayed BRCA1 gene of  different  mammalian
species with particular  emphasis  on the domestic farm
species (cattle, sheep, pig and American buffalo) in
comparison with the BRCA1 gene of human in terms of its
physicochemical properties, phylogenetic relationship with
time of divergence, percentage identity and similarity of
amino acid sequences as well as to predict the protein motifs.
This will essentially expand the knowledge about the
functions, structure and evolutionary relationships of the
gene.

MATERIALS AND METHODS

Retrieval of nucleotides and amino acids sequences:
Nucleotides and amino acid sequences of Bos taurus (cattle),
Ovis aries (sheep), Sus scrofa (pig), Bison bison (American
buffalo), Homo sapien (Human), Tursiops truncatus
(Bottlenose dolphin), orcinus orca (Killer whale), Physeter
catodon (sperm whale), Odobenus rosmarus divergens
(Walrus), felis catus (Cat), Ailuropoda melanoleuca (Giant
panda), Pongo abelii  (Sumatran orangutan), Canis lupus
(Dog), Colobus guereza (Colobus monkey), Panthera tigris
(Tiger), Pan troglodytes (Chimpanzee) and Camelus ferus
(Camel) were downloaded from NCBI. Basic Local Alignment
Search Tool (BLAST) was used to obtain similar sequences in
other organisms. Multiple sequence alignment was carried out
on all obtained amino acid sequences using CLUSTALW
software18.

Determination of percent identity and similarity: The
percent identity and similarity among the amino acid
sequences of BRCA1 gene in cattle, sheep, pig, American
buffalo and human and other mammalian species was
determined by conducting a pairwise comparison of the
sequences using BLAST.

Phylogenetic analysis and time of divergence: Phylogenetic
relationship using the amino acid sequences of the gene
retrieved from NCBI was done according the method of
Tamura et al.19. The evolutionary relationship was inferred
using  unweighted  pair  group  method  with  arithmetic
mean (UPGMA)  based   on   the   Jones-Taylor-Thornton  (JTT)
matrix-based  model.  The  reliability  of  the inferred
phylogenetic tree was evaluated with bootstrap analysis of
1000 replications. The divergence time of BRCA1 gene for each
species was calculated based on the nucleotide percent
substitution per site.

Determination  of   physicochemical   properties  of BRCA1
protein: Physicochemical properties of BRCA1 protein of the
five mammalian species were determined using the Expert
Protein Analysis System (Expasy), which is the proteomic 
server  of Swiss Institute of Bioinformatics (SIB) (web.expasy.
org).  We chose only cattle, sheep, pig and American buffalo as
domestic farm animals while human was used as a reference
point.

Prediction of protein motifs and protein structures: Motifs
in the amino acid sequence of BRCA1 gene of the five selected
domestic  farm  animals  and  human  were   predicted  using

2



Trends Bioinform., 10 (1): 1-10, 2017

Killer whale BRCA1 gene

Bottlenose dolphin BARCA1 gene

90 80 70 60 50 40 30 20 10 0

0.000.020.040.060.080.100.12

100

100

100

97

93

100

100
100

100
100

100

99

79

79

Sperm whale BRCA1 gene

Camel BARCA1 gene

Pig BRCA1 gene

Sheep BARCA1 gene

Cattle BRCA1 gene

American buffalo BARCA1 gene

Tiger BRCA1 gene

Cat BARCA1 gene

Dog BRCA1 gene

Walrus BARCA1 gene

Giant panda BRCA1 gene

Colobus monkey BARCA1 gene

Chimpanzee BRCA1 gene

Human BARCA1 gene

Sumatran orangutan BRCA1 gene

PROSITE software20 while the protein secondary structures
were predicted using GORIV21. Additionally, the protein tertiary
structure (protein 3D structure) of BRCA1 gene was predicted
based on the canonical amino acid sequence obtained from
NCBI database using phyre2 according to Kelley and
Sternberg22.

RESULTS

Retrieved   nucleotide   and   amino  acids sequences of
BRCA1 gene: The lengths of the retrieved nucleotide and
amino  acid  sequences  showed   variations.   The  length of
the  nucleotide   sequence   of   BRCA1  gene  varied  from
5550-5777 bps while the length of the amino acid sequence
varied from 1849-1863 amino acid residues. Among the five
selected domestic farm mammals, the length of the
nucleotide  sequence  for  pig  BRCA1  was   the   longest 
(5777  bps), followed by human (7224 bps)  while  that  of   the 
cattle   was   the  shortest (5550 bps).  The  amino acid residues 
for   pig  and  human  were  the  same (1863) while for cattle
and A.  buffalo had 1849 and 1850 amino acid residues,
respectively. For emphasis however, the amino  acid 
sequence  length for Sumatran Orangutan and chimpanzee
were the same with that of pig and human (Table 1).

Percent identity and similarity among the amino acid
sequence of BRCA1 gene: Percentage identity among amino

acid sequences of human BRCA1 gene with cattle, sheep, pig,
A. buffalo revealed over 70% identity while percent similarity
showed more than 80% (Table 2). Within the domestic farm
mammals, sheep and A. buffalo had 99% identity with the
least recorded for human (72%). This trend was also
maintained for amino acid sequence similarity of cattle with
sheep (95%), A. buffalo (99%), pig (84%) and human (81%).
Generally, however, BRCA1 gene amino acid sequence of
human has higher percent similarity with that of cattle, sheep,
pig as well as A. buffalo when compared with its percent
identity. 

Phylogenetic relationship of BRCA1 gene among the five
domestic farm mammals: The phylogenetic relationship
among the BRCA1 genes of the different mammalian species
showed that the gene came from common ancestry root but
diverged into two major clades A and B in the course of
evolution. Though our report laid more emphasis on four
domesticated  mammalian  species  (cattle,  sheep,   pig  and
A. buffalo) as well as human, however, the clustering was
based on feeding habits-omnivores  (clade  A), carnivores
(Sub-clade B1) and herbivores (Sub-clade B2). It is also reported
that BRCA1 gene of cattle, sheep, pig and A. buffalo are more
related as compared to that of human BRCA1 gene (Fig. 1).

Time of divergence: We looked at the time of divergence of
BRCA1 gene of human and the BRCA1 genes of cattle, sheep,

Fig. 1: Phylogenetic tree showing the evolutionary relationship among the mammalian species BRCA1
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pig as well as A. buffalo. It is revealed that human BRCA1 gene
diverged from the BRCA1 genes of the domestic mammals
selected about 88MYA. Important to mention for emphasis is
the fact that the clade where the canine BRCA1 genes
diverged from the BRCA1 genes of the omnivores about
75MYA. Figure 1 showed that there were varying time of
divergence among the four selected domestic farm animals,
the least being approximately 4MYA (Fig. 1).
 
Physicochemical properties of BRCA1 protein: The analysis
of BRCA1 protein of cattle, sheep, pig, A. buffalo and human
showed varying physicochemical properties when compared.
The result revealed that the least theoretical pl was for human
BRCA1 protein (5.21) while the highest was for pig BRCA1
protein (5.60). The molecular weights of BRCA1 proteins from
the 5 mammalian species revealed that human BRCA1 protein
weigh 207720.8 kDa while sheep BRCA1 protein weigh
207372.1 kDa.   Cattle   BRCA1  protein  had  a  weight of
206278.6 kDa, which was the least. The number amino acids
in BRCA 1 protein of the species showed the following: Cattle
(1849), sheep (1862), pig (1863). The A. buffalo (1850) and
human (1862), implying that the number of amino acids in the
BRCA1 protein of human and sheep are the same (Table 3).

Predicted motifs in BRCA1 proteins: Nine motifs were
reported as predicted in the BRCA1 gene of the different
mammalian species selected, which include zinc finger ring,
BRCT domain, N-myristoylation site, N-glycosylation site, cAMP
and cGMP dependent protein kinase phosphorylation site,
tyrosine kinase phosphorylation site, cell attachment
sequence,  leucine  zipper  pattern  as  well  as  micro-bodies
c-terminal targeting signal motifs. However, cell attachment
sequence motif was absent in the BRCA1 proteins of sheep
and human while human BRCA1 protein possess leucine
zipper pattern and micro-bodies c-terminal targeting signal
motifs, which were lacking in those of cattle, sheep, pig as well
as A. buffalo (Table 4).

Protein secondary structures BRCA1 gene: The secondary
structures of BRCA1 protein was predicted using GORIV
software for the five selected mammalian species. It is showed
that their BRCA1 protein contain basically alpha helix,
extended strand as well as random coil. However, the alpha
helix for human BRCA1 protein was 32.15% while for cattle it
was 30.18%. The least was for sheep whose alpha helix
occupies 28.68% of the structure. Conversely, the extended
strand of the BRCA1 protein for pig was the longest (14.65%)
with that of the human being the shortest (12.56%). Ther were 
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Fig. 2(a-e): Tertiary  structures  of  (a)  Cattle, (b) Sheep, (c) Pig, (d) A. buffalo and (e) Human BRCA1 proteins in cartoon model
as displayed by Rasmol
The alpha helix (pink spiral sheet), the random coil (blue strand), extended strands (white strands), beta sheet (yellow)

Table 5: Protein secondary structure of BRCA1 protein as calculated using GORIV
Secondary structure
element (%) Cattle Sheep Pig A. buffalo Human
Alpha helix 30.18 28.68 28.77 30.11 32.15
310 helix 0.00 0.00 0.00 0.00 0.00
Pi helix 0.00 0.00 0.00 0.00 0.00
Beta bridge 0.00 0.00 0.00 0.00 0.00
Extended strand 13.30 14.12 14.65 12.97 12.56
Beta turn 0.00 0.00 0.00 0.00 0.00
Bend region 0.00 0.00 0.00 0.00 0.00
Random coil 56.52 57.20 56.58 56.92 55.29
Ambiguous states 0.00 0.00 0.00 0.00 0.00
Other states 0.00 0.00 0.00 0.00 0.00

variations on the  random  coil  of  the secondary structure of
BRCA1 protein of  the   five   species   with  the   random   coil 
 of  sheep BRCA1 protein occupying  57.20%  of the structure
(Table 5, Fig. 2). 

DISCUSSION 

The BRCA1 genes are reportedly involved in processes
such as DNA repair, regulation of cell cycle, transcription
processes as well as other important pathways leading to the
inhibition of tumour and to ensure that the organism’s
genome maintain stability2,3. Regrettably, protein-truncating
mutations across BRCA1 gene have predisposed organisms,
especially  human  to  increased  cumulative  risk  of breast
(60-80%) and ovarian (20-40%) cancers4-7.

Yuan et al.10 reported that bovine BRCA1 gene has been
implicated as a new candidate gene for bovine mastitis,
however, its polymorphism in various cattle breeds have not
been investigated. The thrust of the present report was to
evaluate the phylogenetic relationship of BRCA1 genes in
different mammalian species but with more emphasis on
domesticated species. The essence is that the disease that may
be linked to the BRCA1 genes of these domestic mammals
might spell doom on food security and nutrition as it causes
major economic losses to the dairy industry. Rajasekaran et al.9

reported that 50% of the reported changes in BRCA1 gene are
frameshift mutations. Here, we report nucleotide amino acids
sequence lengths variations comparing the cattle, sheep, pig,
A. buffalo and the human BRCA1 gene. It is also affirmed that
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sequence length variations are caused by indels mutations,
which might have accumulated during evolution.
Organisms with high percentage similarity in their genes

have a similar pattern of evolution as well as differentiation23.
From our result, percentage identity among cattle, sheep, pig
and A. buffalo when compared with that of human BRCA1
amino acids ranged 72-74% showing that they may had
similar pattern of evolution. This was also the case for
percentage similarity (81-83%). Importantly, sequences with
percent similarity approximately 70% imply that identical
homology, function similarity and very high conservation in
BRCA1 gene. Additionally, Joshi and Xu24 observed that if two
sequences have sequence identity greater than 70%, it is
suggested that they have about 90% probability or more to
share the same biological processes and functions. Proteins in
the same family share at least more than 30% amino acid
sequence similarity. This might lead to sharing of some
structural characteristics25. The implication of zero E-value is
that the percent identity and similarity obtained were
significant26 suggesting that the result reported here is correct.
The phylogenetic relationship of the mammalian BRCA1

genes is such that species of similar eating habits are clustered
together. These result suggested that the closer the
percentage identity and similarity among species, the more
possibility of being  clustered  together. Yuan et al.10 reported
that BRCA1 gene is the candidate gene for bovine mastitis, this
may not  imply  that  it  should  be implicated for other
tumour-related diseases in other mammalian species found in
the same sub-clade such as sheep, pig and A. buffalo. To
buttress the above, Ma et al.27 reported that BRCA1 gene
knockout in mouse model provoked embryonic lethality while
conditional knockout in breast tissue resulted to tumour
development after a long latency. It might be pertinent here
to stress that though the different domestic farm mammals
chosen have BRCA1 gene at different chromosome locations,
their breast biology28 as well as cancer genetics29 vary widely.
It thus becomes difficult to use one model to infer the function
of BRCA1 gene in another species even when mutated.
Laud et al.30 opined that BRCA1 gene has regulatory

effects on steroid and growth hormones, especially in the
induction of mammary epithelial cell proliferation. Taking
together with other functions of BRCA1 genes earlier
mentioned, the implication is that BRCA1 gene might play
different role in different mammalian species even when
mutated. This might be dependent on the motifs where the
action takes place. To underscore the adequacy of the
phylogenetic tree, the time of divergence of the mammalian
species corroborates the previous reports of Stone et al.23

Babb et al.31 and Psouni et al.32. According to Kyte and

Doolittle33, GRAVY value greater than zero indicates a relatively
hydrophobic protein. However, the GRAVY values obtained in
this study for cattle, sheep, pig, A. buffalo and human BRCA1
protein are less than zero, which implies that they are rather
hydrophilic in nature. The fact that BRCA1 protein in all the
five mammalian species discussed in this report have higher
negatively charged residues than positively charged residues
makes BRCA1 protein in these species intracellular34.
According to Guruprasad et al.35, instability index, which is the
measure of the stability of a protein in vitro  when it is greater
than 40, it means that the protein may be stable. This as
reported by Sharma et al.36 is accounted for by the abundance
of cysteine as a result of the formation of disulphide bond in
the protein molecule. Regrettably, we report instability index
that are greater than 50, which might suggest that this protein
is probably unstable in vitro.
Sequence motifs are short recurring patterns in the DNA

that are presumed to have a biological function. Most often
they indicate  sequence-specific binding sites for proteins
such as nucleases and transcription factors. However, others
may be involved in important processes at the RNA level,
including ribosome binding, mRNA processing as well as
transcription termination. Out of the nine motifs predicted in
the  mammalian   species   investigated,  leucine-zipper
pattern  and  microbodies c-terminal targeting signal were
only present in  the  BRCA1  protein  of  human suggesting
that they may be linked to DNA binding and protein
dimerization37 and give assistance in the conversion of lipids
to carbohydrate. For emphasis, other motifs that are found in
the mammalian species are very important in the correct
functioning of the system. Chung et al.38, Whisler et al.39,
Maurer-Stroh et al.40 and Jin et al.41 reported lay credence to
the above claim. 
Our result showed that on the secondary structure of

BRCA1 protein of the five mammalian species, secondary
elements were only alpha helix, extended strands as well as
random coil. These three structures have been implicated for
the folding stability and function of the protein. 

CONCLUSION

The implication of results taking together is that BRCA1
gene is found in diverse mammals but with varying gene and
protein characteristics. Though BRCA1 gene has been indicted
to cause breast/ovarian cancer in human and as candidate
gene for bovine mastitis, it might be difficult to generalize that
the gene may also be responsible for any mammary tumour in
these mammals evaluated.
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SIGNIFICANCE  STATEMENTS

C BRCA1 gene has been implicated in breast and ovarian
cancer in humans

C Different domestic mammals are also susceptible to this
disease

C There is every possibility that the gene implicated in
humans may have evolutionary relationship, which may
be correlated with the disease

C It therefore becomes imperative to use bioinformatics
tools to understand this relationship, which may help
veterinary experts and provide baseline information as
regards prevention and treatment
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