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Abstract 

 The aims of the research were to identify the genes responsible for Albinism. The genes have 

been identified and analyzed using BLAST.The genes responsible for causing albinism are 

OCA and OA.Albinism is caused by a mutation in one of several genes. Four forms of OCA 

are now recognized – OCA1, OCA2, OCA3 and OCA4; some are further divided into 

subtypes.Each of these genes provides instructions for making one of several proteins 

involved in the production of melanin. Melanin is produced by cells called melanocytes, 

which are found in the skin and eyes. A mutation may result in no melanin at all or a 

significant decline in the amount of melanin thus resulting in albinism. The phylogenetic 

relation of the genes responsible albinism has been established using various bioinformatics 

tools like Clustal Omega, MUSCLE, PHYLM, MEGA X and BioEdit. This phylogenetic study 

has helped us analysis how these genes have evolved with time and what level similarity 

exists between these sequences. This study paves path for the future analysis of the genes and 

drug designing foralbinism. 
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INTRODUCTION 

Amino acid disorders are major category 

of the inborn metabolic disorders. Amino 

acids are the building blocks of proteins. 

There are twenty amino acids present 

amongst which nine are the ones which are 

not synthesized by the body and can only 

be supplied through food, they are 

involved in metabolism. 

 

Albinism is a congenital disorder 

categorised under amino acid metabolic 

disorder. The major characteristic feature 

of this disorder is complete or partial 

absence of pigment in the skin, hair and 

eyes, caused by the absence or defective 

tyrosinase. Tyrosinae is a copper 

containing enzyme responsible for the 

production of melanin. 

 

There are several genes responsible for 

providing instructions to the several 

proteins involved in the production of 

melanin. Mutation in any one of these 

several genes leads to albinism. Melanin is 

a pigment produced by melanocyte cells 

that provides colour to the skin and eyes. 

To have albinism and some of its type a 

person has to inherit two copies of a 

mutated gene i.e. one copy from each 

parent. This type of mutation leads to a 

significant drop or complete absence of the 

pigment melanin. 

 
OCA genes are responsible for the 
Occulocutaneous albinism and OA genes 
are responsible for Ocular albinism. OCA 
genes located on the “autosomal” 
chromosome while the OA1 gene is 
located on the X chromosome. Autosomal 
chromosomes have genes responsible for 
the general body characteristics in contrast 
to the sex chromosomes. A normal 
individual has two copies of these 
chromosomes and genes one inherited 
from each of the parent i.e one from the 
father and the other from the mother. 
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Albinism is a recessive disorder, so in a 
person with albinism neither of the gene 
copies is functional, while if only one copy 
is also functional then a person can make 
melanin but will act as a carrier for the 
trait. 
 
GPR143 gene plays an essential signalling 
role important for the pigmentation in the 
eye. Any defect in this gene causes Ocular 
albinism (OA1). OA1 gene is located on 
the X chromosome thus a male inherits it 
easily as they require just one copy of the 
defective chromosome from their mother 
while the females have two XX 
chromosomes, they would require both the 
defective copies for the disease to express 
itself. In females with one defective copy 
they would be normal but act as carrier.  
 
People around the globe have different 
types of albinism. At times it also happens 
that people are not even aware that they 
have albinism. Various myths are 
prevalent in the society with respect to the 
colour of eyes in people with albinism, 
whereas the fact is there are various types 
of albinisms and with each type the eye 
pigment varies. Most frequently the eye 
colour varies from reddish to violet eyes 
majority being blue, but it might further 
range to hazel or brown also. It is basically 
the type and quantity of melanin produced 
by the body which determines the skin, 
hair and eyes colour. 
 
As per the current situation there is no cure 
for albinism, one can only take protective 
measures to protect the skin and enhance 
vision. Over the period of time researchers 
have categorised albinism under various 
types and now studies are underway to 
find some suitable treatment for the same 

 

Oculocutaneous albinism 
Oculocutaneous (ok-u-low-ku-TAY-nee-

us) albinism is caused by a mutation in one 

of four genes. People with oculocutaneous 

albinism (OCA) type 1 have milky white 

skin, white hair and blue eyes at birth. 

Some people with OCA type 1 never 

experience an increase in pigmentation, 

but others begin to produce melanin during 

early childhood. Their hair may become a 

golden blond, brown or red, and their irises 

may change color and lose some 

translucence. Oculocutaneous albinism 

type 1 (OCA1 or tyrosinase-related 

albinism) results from a genetic defect in 

an enzyme called tyrosinase (hence ‘ty’ 

above). This enzyme helps the body to 

change the amino acid tyrosine into 

pigment. (An amino acid is a “building 

block” of protein.) There are two subtypes 

of OCA1. In OCA1A, the enzyme is 

inactive and no melanin is produced, 

leading to white hair and very light skin. In 

OCA1B, the enzyme is minimally active 

and a small amount of melanin is 

produced, leading to hair that may darken 

to blond, yellow/orange or even light 

brown, as well as slightly more pigment in 

the skin. 

 

Oculocutaneous albinism type 2  

(OCA2 or P gene albinism) results from a 

genetic defect in the P protein that helps 

the tyrosinase enzyme to function. 

Individuals with OCA2 make a minimal 

amount of melanin pigment and can have 

hair color ranging from very light blond to 

brown.OCA type 2 is most common in 

sub-Saharan Africans, African-Americans 

and Native Americans. The hair may be 

yellow, auburn, ginger or red, the eyes can 

be blue-gray or tan, and the skin is white at 

birth. With sun exposure, the skin may, 

over time, develop freckles, moles or 

lentigines. 

 

Oculocutaneous albinism type 3  
(OCA3) is rarely described and results 

from a genetic defect in TYRP1, a protein 

related to tyrosinase. Individuals with 

OCA3 can have substantial pigment. 

People with OCA type 3, mainly found in 

black South Africans, usually have 

reddish-brown skin, ginger or reddish hair, 

and hazel or brown eyes. OCA type 4 
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looks similar to type 2 and is most often 

found in people of East Asian descent. 

 

Oculocutaneous albinism type 4  
(OCA4) results from a genetic defect in 

the SLC45A2 protein that helps the 

tyrosinase enzyme to function. Individuals 

with OCA4 patients have similarity with 

OCA2 patients in the scenario that in both 

the conditions the patients make bare 

minimum quantities of melanin. 

 

X-linked ocular albinism  
This type of albinism occurs more or less 

exclusively in males and the gene 

responsible for the same is located on the 

X chromosome. People with this disorder 

have problems with vision whereas 

otherwise though on a lighter shade as 

compared to other family members their 

skin, hair and eye colour is usually in the 

normal range. 

 

Oculocutaneous albinism (OCA) is a set of 

autosomal recessive disorders 

characterized by hypopigmented hair, skin 

and eyes. Homozygous or compound 

heterozygous mutations in the tyrosinase 

(TYR) gene can cause OCA1, which is the 

most common and severe subtype of 

albinism. A study stated here helps to 

describe the situation better: “17 patients 

with non-syndromic OCA were enrolled 

from eight provinces of China and were 

non-consanguineous. Total genomic DNA 

was isolated from peripheral blood. 

Screening was performed for the whole 

exonsand their flanking regions of the 

TYR gene using Sanger sequencing and 

the pathogenicity of variants was predicted 

using in silico analysis. In total, 12 TYR 

mutations were identified in 10 patients, 

respectively. Of these, two patients carried 

homozygous mutations and eight 

patientscarried compound heterozygous 

mutations. Among the 12 TYR mutations, 

two missense mutations” c.1198T>G 

(p.W400G) and c.819G>T (p.Q273H) 

were novel [1]. 

 

TYR gene mutations have a more severe 

effect on pigmentation than mutations in 

OCA2 and the GPR143gene. Nevertheless, 

mutations in these genes affect the 

development of visual function either 

directly or by interactionwith other genes 

like MC1R, which can be deduced from a 

frequent association of MC1R variants 

with p.R305W orp.R419Q in OCA2 [2]. 

 

Objective: Phylogenetic analysis of the 

genes and their variants responsible for 

Albinism 

Aims  

 To identify the genes responsible for 

Albinism with the variants. 

 To carry out the phylogenetic analysis 

of the genes and their variants 

responsible for Albinism. 

 

Methodology 

The gene sequences and their variants 

responsible for albinism have been 

identified and downloaded from the NCBI 

site in the Fasta format. These sequences 

have further been analyzed using the 

BLAST for their similarity with other 

related organisms. The sequences and their 

variants are further analyzed by 

performing multiple sequence alignment 

using software like CLUSTALW and 

MUSCLE for the similarity between these 

sequences [3]. Finally the phylogenetic 

relationship between these sequences has 

been established using various 

phylogenetic tools like PHLYM, MEGA 

X, and BioEdit. Studying the phylogenetic 

analysis of the sequences mentioned help 

us to predict how these sequences have 

evolved with time in different species and 

as per the current sage how closely the 

sequences are related and how they differ 

from each other [4]. 
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Tools Used 

 

BLASTn 

 
 

 

CLUSTAL Omega 
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Mega X 

 
 

PhyML 
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Bioedit 

 
 

Results 

Blast Results 

OCA1 
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OCA 2 Variant 1 

 
 

OCA 2 Variant 2 
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OCA3 

 
 

OCA4 Variant 1 

 
 

OCA4 Variant 2 
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OA1

 
 

CLUSTAL W RESULTS 

Table: 1. Percent Identity Matrix - created by Clustal2.1 
1 NM_000273.2      100.00 44.81 45.02 34.54 34.11 31.93 33.44 

2 NM_016180.4       44.81 100.00 91.21 38.30 38.11 36.62 37.41 

3 NM_001012509.3    45.02 91.21 100.00 38.64 38.52 36.13 39.08 

4 NM_001300984.1    34.54 38.30 38.64 100.00 100.00 39.65 41.85 

5 NM_000275.2       34.11 38.11 38.52 100.00 100.00 39.63 42.00 

6 NM_000372.4       31.93 36.62 36.13 39.65 39.63 100.00 50.32 

7 NM_000550.2       33.44 37.41 39.08 41.85 42.00 5.32 100.00 

 

MUSCLE RESULTS 
NM_000372.     ATcACTgtagtagtagCtGG---------------AaAGaGAAAtctgtGACtCcA---- 

NM_000550.     AcagtTctGAcGtgagaGGaCaagAaaCACAAgCaAataTaAAACAttcaAttCTAaGag 

NM_000273.     -------------caCCGaGC--------------------------CtGgCtCTA---- 

NM_0013009     cTTACTtCGAAG--GCtGtGCTCCgCtCACcATCCAGAGcGgAggtGCgGACCtTA---- 

NM_000275.     cTTACTtCGAAG--GCtGtGCTCCgCtCACcATCCAGAGcGgAggtGCgGACCtTA---- 

NM_016180.     --------------GCCaGGCTCCACGtcaAATCCAGttTGAAACA-CaGACCCTAGG-- 

NM_0010125    --------------GCCaGGCTCCACGtcaAATCCAGttTGAAACA-CaGACCCTAGG-- 

 

NM_000372.     ------AttAgcCAgtTccTGCAGacCTTGtgAG-------------------------- 

NM_000550.     aagttcAtCAgAgACaTccTtCAGGA-TTGtgAGctGGaTttTCctCtAcgtGCttcaGt 

NM_000273.     ------------------cTGCAGGcgcTGgggGTtGG-------------GGtgggGGa 

NM_0013009     ------AACtCACtCcTGGaGaAaGAtcTGCAAGTgcG---------------------- 

NM_000275.     ------AACtCACtCcTGGaGaAaGAtcTGCAAGTgcG---------------------- 

NM_016180.     ------AcCACgCAggaGGTGgtGGgCTcGCAgGaAGGTTCCTCTCCCAgTGGCcAtGGG 

NM_0010125     ------AcCACgCAggaGGTGgtGGgCTcGCAgGaAGGTTCCTCTCCCAgTGGCcAtGGG 

 

NM_000372.     ---gACtAGAGgaAga-----------------------------ATgctCCTgGCTG-- 

NM_000550.     cttCtCtAcAcAaAgaGCTGcaAaCCAggTCTttgTtTtGcaCtCtTATttCaAGCaGaA 

NM_000273.     gAGgcCCAGgGcacAtGaTGcCgcCCcCAgCc---cgcccAGCACATgaCCCagGCaGGc 

NM_0013009     ------CAGAGAGAAGaCTGGCAGtggagcaTGCATcTgGAGggCA------gAGacGGc 

NM_000275.     ------CAGAGAGAAGaCTGGCAGtggagcaTGCATcTgGAGggCA------gAGacGGc 

NM_016180.     tAGCAaCAGtGgGcAGGCTGGCcGCCACATCT-----------AtAaATCCCTAGCTG-A 

NM_0010125    tAGCAaCAGtGgGcAGGCTGGCcGCCACATCT-----------AtAaATCCCTAGCTG-A 
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NM_000372.     --------tttTGtACtGCCtGCtGTGGAGtT---------------------------- 

NM_000550.     TGA--GTgCtCctaAaCtCCtctctctGgGCTGtaTCttcttCCC------------CTt 

NM_000273.     cGgCGGggtCCTGGcaCaCCc------GAGCcGCgTCcGcgAaCa-----CAGC------ 

NM_0013009   aGgCGGTACCCcGGcgCGCCgGCgGTGGAGCTcCtgCAGAcgtCCgTGCCCAGCgGACTC 

NM_000275.   aGgCGGTACCCcGGcgCGCCgGCgGTGGAGCTcCtgCAGAcgtCCgTGCCCAGCgGACTC 

NM_016180.    TGAtGGccCCtTtGACt-----CtGTGGAGCcGCcTaAaAgACCCA---CCAGCAGACTC 

NM_0010125     TGAtGGccCCtTtGACt-----CtGTGGAGCcGCcTaAaAgACCCA---CCAGCAGACTC 

 

NM_000372.     -------TCcaGaCCtcCgCtgGCCAT-TTCCCtAGAGccTGtGtCTcCtCtaaG----- 

NM_000550.     GCTacttTttcaGCaGGCcCGgGCtcaaTTCCCAAGAcAGTGtGcCactGttGaGgcttt 

NM_000273.     -------cCATGGCCtcCcCGCGC--------------------------CtaGG----- 

NM_0013009     GCTGAACTtgTGGCCGGCAaGCGCaggCTTCC------------------tcGGG----- 

NM_000275.     GCTGAACTtgTGGCCGGCAaGCGCaggCTTCC------------------tcGGG----- 

NM_016180.     a------TCATGcaCaGCAtG-GCCATgTTCggAAGAGAGTtCtgCTACGCgGtG----- 

NM_0010125    a------TCATGcaCaGCAtG-GCCATgTTCggAAGAGAGTtCtgCTACGCgGtG----- 

 

 

NM_000372.     --aAcCtGaTGGAGaaGg--------AaTgCTGtCCacCG----TGGagCgGGGaCAGGa 

NM_000550.     gaGAagtGGTatgtGTtg-CC----CAgaCCTGtCCCctGtgtcTGGGcCTGGGaCAGaC 

NM_000273.     --GA---------------CC----ttCTgCTGCCCCACG----cGGGaCgcaGCCAcGC 

NM_0013009     --GAGCCGGTGGAGcTGACCCCTCGCACTCCTGCCCCAgG-----GGGgCTG--CCgGGC 

NM_000275.     --GAGCCGGTGGAGcTGACCCCTCGCACTCCTGCCCCAgG-----GGGgCTG--CCgGGC 

NM_016180.     --GAGgCaGcGtAtGTGACCC----CAgTCCTGCtCagCG----TaGGtCTG-------- 

NM_0010125     --GAGgCaGcGtAtGTGACCC----CAgTCCTGCtCagCG----TaGGtCTG-------- 

 

NM_000372.     gtCcCTGTGGccagCtTtCAGGCAgaGGtT--------------CCTGT----CAGaAta 

NM_000550.     --CGCTGTGGctCatCatCAGGgAgGGGca--------------gaTGTgAgGCAG--tG 

NM_000273.     AGCtC-GTGctGagCtTcCAGcCgcGGGccTTcCacgcgctctgCCTGggcAGCgG---- 

NM_0013009     AGaGCTcTtGgGCtCCTGCAGGCcAGGagTTTgCTTCATT----CCTcacAAaagGGAGG 

NM_000275.     AGaGCTcTtGgGCtCCTGCAGGCcAGGagTTTgCTTCATT----CCTcacAAaagGGAGG 

NM_016180.     -------------cCCaGCAG-----------------------CCTGTAcAGCAt---- 

NM_0010125     -------------cCCaGCAG-----------------------CCTGTAcAGCAt---- 

 

NM_000372.     TCctTCtgTCCaaTGCaCCA-----------CttGGgCCTcAatTTCCc----------- 

NM_000550.     aCTgcaGactCcCgGCCCCA-------------caGcCCTcAGtaTCCc----------- 

NM_000273.     -----------cggGCtCCg-----------CttGGcgCTGgGccTtCTG---------- 

NM_0013009     TCTcaCtcTtCTtTGCCCCAGATGTCCAGCTCCAGGTCtaaAGATTCCTGCTttACAgAA 

NM_000275.     TCTcaCtcTtCTtTGCCCCAGATGTCCAGCTCCAGGTCtaaAGATTCCTGCTttACAgAA 

NM_016180.     TgTgTgGtTCCTCaGCCCCA----------------TCCTGgGATTCCTGCTGCAgcCcg 

NM_0010125     TgTgTgGtTCCTCaGCCCCA----------------TCCTGgGATTCCTGCTGCAgcCcg 

 

NM_000372.     ----------------------ttcaCaGG-----GgtgGAtGaCCGGGagtCgTggCct 

NM_000550.     ----------------------CaTGatGG-----cAGAGAtGatCGGGaggtCTggCcC 

NM_000273.     ---------CaGCTGctGcCCggCcGCCGG----cccGcGggccCCGGGtcCCCcgCgaC 

NM_0013009     AACACtCcTttGCTGAgGAatTCCTtaCaG-----GAGAaAgGGtCacGGtgCaTACCTg 

NM_000275.     AACACtCcTttGCTGAgGAatTCCTtaCaG-----GAGAaAgGGtCacGGtgCaTACCTg 

NM_016180.     tggtCGgATCGGCcagcGACC-aCTGCCGGTCCAgGtGgGgccGCCGGaGaCCCTACaTC 

NM_0010125     tggtCGgATCGGCcagcGACC-aCTGCCGGTCCAgGtGgGgccGCCGGaGaCCCTACaTC 

 

NM_000372.     TcCgtCtTttAtAATaGGACctgcCAgtgCtctGGCAActTCaTGGGAt-tCAACTGTGg 

NM_000550.     TTgcgCtTCttcAATaGGACatgTCActgCaaCGGCAATtTCTcaGGAC-ACAACTGTGg 

NM_000273.     gTCcCCgcCggcctcGGtcCgCATCcTgCgCGCtGCcgctgCcTGcGAC--CttCTcgGC 

NM_0013009     TTtACCaTCcAgAgT--------TCATcaCtGCtGaAgaGTCTTGGGAagACAgCTcTGC 

NM_000275.     TTtACCaTCcAgAgT--------TCATcaCtGCtGaAgaGTCTTGGGAagACAgCTcTGC 

NM_016180.     cTCACCc-------TGGGAgtCATgATgCtCGtGGgcATGgCTctGtACCtCAAtgGgGC 

NM_0010125     cTCACCc-------TGGGAgtCATgATgCtCGtGGgcATGgCTctGtACCtCAAtgGgGC 

 

NM_000372.     aAACTG-------------CaagTtTGGCttttGGgGACCaaaCTGcacagAgAgacgaC 

NM_000550.     gAcgTG-------------CcGtccTGGCtGGAGagGAgCtGcCTGTgacCAgAgGgTTC 

NM_000273.     TgcCTGGGtatGgtGAT--CcGgTccacCGtGtGGT----------------TAgGATTC 
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NM_0013009     TgACTGGGAGCGAAGATACCTGcTaaGcaGGGAGGTGtCtGGTCTGTCTgCATcTGccTC 

NM_000275.     TgACTGGGAGCGAAGATACCTGcTaaGcaGGGAGGTGtCtGGTCTGTCTgCATcTGccTC 

NM_016180.     TA-----------------CTGtTgTaGCaGc--------------------TtTGATTg 

NM_0010125     TA-----------------CTGtTgTaGCaGc--------------------TtTGATTg 

 

NM_000372.     tcttggtGAGAAGaAA--CaTcTTcGAtt---------------TgAGTgcCcCagAGAa 

NM_000550.     tcAtAgtcAGgAGaAA--tCTTcTGGACt---------------TAAGTaaagaagAaAa 

NM_000273.     CcAAAttttGttGacAG-CgTcTcGGAtA---------------TgAacCaCACggAaA- 

NM_0013009     CT---CCGAGAAGGgAGACCTTcTGGACAgCCCGCACATCCGACTccGTCTttCCAAGcT 

NM_000275.     CT---CCGAGAAGGgAGACCTTcTGGACAgCCCGCACATCCGACTccGTCTttCCAAGcT 

NM_016180.     CTAAcCCaAGgAGGAAGctggTTTGGgCcA--------------TAAGTgTCACCAtGAT 

NM_0010125     CTAAcCCaAGgAGGAAGctggTTTGGgCcA--------------TAAGTgTCACCAtGAT 

 

NM_000372.     GgACaAaTtTtTtgccTaCCTcActtTagCAAAGCatACCaTcaGCtcagAcTaTGtcaT 

NM_000550.     GAACCACTtTGTcCgGgcCCTGgAtaTggCAAAGCGcACaacTCaCCcTTtaTtTGtcaT 

NM_000273.     -----------------------------------------------TTTggccTGCTGc 

NM_0013009     GAggCgCTGTGTgCaGTggCTGAAAGTCAtg----GgcCtGTTtGCCTTTgTggTGCTGT 

NM_000275.     GAggCgCTGTGTgCaGTggCTGAAAGTCAtg----GgcCtGTTtGCCTTTgTggTGCTGT 

NM_016180.     ag---------------------------------GtgtCGTTCtCtTTgATTtTGCTGc 

NM_0010125     ag---------------------------------GtgtCGTTCtCtTTgATTtTGCTGc 

 

NM_000372.     CccCaTaggga-------------CCTatGgCCAaATGAAaaAtggatcAaCaCCCaTgT 

NM_000550.     tgcCacCAggagatcaGAagaaAtaCTGGGgCCAGATGgca-------AcaCgCCacaAT 

NM_000273.     ttTCTgCgTgG----gGAgTgCgatgTGGatCCAGcTGttGtA-----cAGtgCCtgctT 

NM_0013009     gtTCTattTTG--------TtCAGCCTatatCCgGATcAAGGA-----AAGC-------T 

NM_000275.     gtTCTattTTG--------TtCAGCCTatatCCgGATcAAGGA-----AAGC-------T 

NM_016180.     CgaCTTCATTG--------------aTGGGcCCAtca-----------AAGCCtaCtTAT 

NM_0010125     CgaCTTCATTG--------------aTGGGcCCAtca-----------AAGCCtaCtTAT 

 

NM_000372.     TTaACGaCatcaatatTTATGAC-----------ctCTttGTctGgaTgCAtTAttATGt 

NM_000550.     TTGAgaaCatTTCCatTTATaAC-----------TACTttGTttGgacaCACTAttAct- 

NM_000273.    cTGgtGGCTGTT---------------------------------------tTgCtATG- 

NM_0013009     cTGgCaGCTGTTggCcTTATcACcgCtgGAGAACTACTCCGTgAaCCTtagCagCCAcG- 

NM_000275.    cTGgCaGCTGTTggCcTTATcACcgCtgGAGAACTACTCCGTgAaCCTtagCagCCAcG- 

NM_016180.     TTGAtGtCTGcTCCCATcAgGACAAgGAGAagg-----------GCCTcCACTACCATG- 

NM_0010125     TTGAtGtCTGcTCCCATcAgGACAAgGAGA-Agg----------GCCTcCACTACCATG- 

 

NM_000372.     gtCAaTggAtgCACtgCTtGGGGG------atCTGAAatCTgGaGaGaCA-----TtGAt 

NM_000550.     --CAGTCaAaAagacTtTccttGGgGtaggacagGAAagCTTtGGtGaag-----TgGAt 

NM_000273.     --CAGTggAtgCttaTCTgGtGatccggagatCgGcAGgacTGaGcaCCAtcctGctGta 

NM_0013009     --tgGaCTcCACgCtgCTgcaGGtgGACCTGGCaGggGcCcTaGtgGCCAGTgGGccGAg 

NM_000275.     --tgGaCTcCACgCtgCTgcaGGtgGACCTGGCaGggGcCcTaGtgGCCAGTgGGccGAg 

NM_016180.     --CccTCTtCACAggTtTtGGaGGtGcCCTGGgTtAccttTTGGGtGCtA-----TaGAc 

NM_0010125     --CccTCTtCACAggTtTtGGaGGtGcCCTGGgTtAccttTTGGGtGCtA-----TaGAc 

 

NM_000372.     TttgCCCATGAaGcAcCAGCtttTCtgcCtTGGcataGaCtCttCtTGtTGCGgTgGGAa 

NM_000550.     TtctCtCATGAGGGAcCAGCtttTCtcaCaTGGcaCaGGtACcACCTccTGCGTcTGGAG 

NM_000273.     TCacatCATG-----------------GCgTGGgGCctGgcCAcCCTGcTctGTgTGGAG 

NM_0013009     TCGtCCtggGAGGGAAgAGCACATCGtG-gTGGAGCTGaCcCAggCTGAcGCtTTgGG-- 

NM_000275.     TCGtCCtggGAGGGAAgAGCACATCGtG-gTGGAGCTGaCcCAggCTGAcGCtTTgGG-- 

NM_016180.     TgGgCCCAT--------------------cTGGAGCTGGgAagACt-------gTTGGgt 

NM_0010125     TgGgCCCAT--------------------cTGGAGCTGGgAagACt-------gTTGGgt 

 

NM_000372.     cAAGAAaTCCAGaaGctGaCaGgAgAtGaAaacTtCaCTatTCcatAtTGGGAcTggcgg 

NM_000550.     AAAGAcaTgCAGGaaatGttGcaAgAgcCtTcTTtCTCcCtTCcttACTGGaAtTTTgcA 

NM_000273.     ggAGccgc--------------------CATGcTCtaCTaCcCT---------------- 

NM_0013009     ------cTCCAGGTGgCGGCGGCcAcAGCAgGTcaCTCaCaaCTGgACgGtGtATTTaaA 

NM_000275.     ------cTCCAGGTGgCGGCGGCcAcAGCAgGTcaCTCaCaaCTGgACgGtGtATTTaaA 

NM_016180.     AcAGAAtTCCAGGT--------------CATGTTCtTCTtCTCTGcAtTGG--------- 

NM_0010125     AcAGAAtTCCAGGT--------------CATGTTCtTCTtCTCTGcAtTGG--------- 



 

 

 

 

19 Page 7-27 © MAT Journals 2019. All Rights Reserved 

 

Trends in Pharmaceuticals and Nanotechnology 

Volume 1 Issue 1  

 

NM_000372.     gatGcaGAAAAG---TGtGacaTtTGcacaGAtGaGTaCATGGGAGgtCAGcACCcCacA 

NM_000550.     aCgGgGaAAAAtgtcTGtGataTCTGcacgGAtGacTTgATGGGAtccagaagCaaCTtt 

NM_000273.     ----------------------TCcGTGTccAGGTGTgagcGGGgc--CtGgACCaCgcc 

NM_0013009     tCcGaGGAgAAG---cGAGCACTCaGTGaTGAG---------------CAGgACCTtTGA 

NM_000275.     tCcGaGGAgAAG---cGAGCACTCaGTGaTGAG---------------CAGgACCTtTGA 

NM_016180.     ---------------TGctCACTtTGTGTTttacTGTTCATctGtG--CAGtAtCTCTGA 

NM_0010125     ---------------TGctCACTtTGTGTTttacTGTTCATctGtG--CAGtAtCTCTGA 

 

NM_000372.     AaTCCtAACTtActc---aGc--CCAgCAtCATTC------------------------- 

NM_000550.     gaTtCCActctAAtA---aGc--CCAAactCtgTC------------------------- 

NM_000273.     AtcCCCcACTA-------tGTcaCCAtgtaCcTgC------------------------- 

NM_0013009     gGTaCtgACcAgAGAGACGGTgtCCAtCAGCATcCGGGCCTCCCtgCAGCAgACCCAGgc 

NM_000275.     gGTaCtgACcAgAGAGACGGTgtCCAtCAGCATcCGGGCCTCCCtgCAGCAgACCCAGgc 

NM_016180.     AGcCCCActTAcAGA---GGTtGCaAAggGCATTC------CCCCACAGCAAACCCctCA 

NM_0010125     AGcCCCActTAcAGA---GGTtGCaAAggGCATTC------CCCCACAGCAAACCCctCA 

 

NM_000372.     -----tTCTccTctTGGCAGATtGTCTGTAg----------CcgattGGAgGAGTAcAAc 

NM_000550.     -----tTtTcTcaATGGCgagTgGTCTGTga----------CTCCttGGAAGAtTAtgAt 

NM_000273.     -----CcCTgcTGcTGGt------------------------------------------ 

NM_0013009     tGtCCCTCTtTTGATGGC---TcaTCaGTAC----------CTCCgcGGAAGtGTAgAAA 

NM_000275.     tGtCCCTCTtTTGATGGC---TcaTCaGTAC----------CTCCgcGGAAGtGTAgAAA 

NM_016180.     GGACCCTCcaTTGtcatCAGATgGaaTGTACGAGTATGGTTCTatcgaGAAagtTAaAAA 

NM_0010125     GGACCCTCcaTTGtcatCAGATgGaaTGTACGAGTATGGTTCTatcgaGAAagtTAaAAA 

 

NM_000372.     AgCcatCagtCtTtatGCaAtGGaAcgCCcgAgGGACCttTAcGgcGTAATC---CTGG- 

NM_000550.     ACCcTGgGAACActttGtaACaGCAccgaggAtGGgCCAATtAGgAGaAATCcagCTGG- 

NM_000273.     ------------TCtcGtGgCGaacccCaTCctGttCCAAaAgaCAGTgActgcAgTGGc 

NM_0013009     cCCAgGtGAcCATC--GCGACGGCcATCCTCgcGGgCgtcTAcGCgcTgATCATAtTtGA 

NM_000275.     cCCAgGtGAcCATC--GCGACGGCcATCCTCgcGGgCgtcTAcGCgcTgATCATAtTtGA 

NM_016180.     tggtTaCGtAaATCCAGaGctGGCAATgC--AgGGAgCAAaAAaCAaaAATCATgCTGa- 

NM_0010125     tggtTaCGtAaATCCAGaGctGGCAATgC--AgGGAgCAAaAAaCAaaAATCATgCTGa- 

 

NM_000372.     ------------------------------------------------------------ 

NM_000550.     ------------------------------------------------------------ 

NM_000273.     CtcttTaCtt-------------------------------------------------- 

NM_0013009     g----------------------------------------------------------- 

NM_000275.     gatcgTgCacagaactctggcggccatgctgggttcccttgcagcactggcagcactggc 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     ------------------------------------------------------------ 

 

NM_000372.     -------------AAACCatGaCAaAtCcA----------------------GAacCccA 

NM_000550.     -------------AAAtgtgGCCAGACCAA---------------------TGgtgC-AA 

NM_000273.     -------------AAAggaAGaCAaggCAt---------------------TtACACggA 

NM_0013009     -------------AgACCCAGCCtGACCcATGTGGTGGAGTGGATTGATTTTGAgACgct 

NM_000275.     tgtgattggcgatAgACCCAGCCtGACCcATGTGGTGGAGTGGATTGATTTTGAgACgct 

NM_016180.     -------------AcAgaCtcgCAGggCAA---------------------TGACAttAA 

NM_0010125     -------------AcAgaCtcgCAGggCAA---------------------TGACAttAA 

 

NM_000372.     AGgCtcCCctcTTCagcTGATGTAGAatttTGcctg--------------aGtTTgacCc 

NM_000550.     cGTCtTCCTGaacCaCAgGATGTcGctCAGTGcTtg---------gAAgttGgTTTaTtt 

NM_000273.     gaaC------gagaGgAgGATG-gGAGCcGTGaTCA---------AgATcCGATTTTTCa 

NM_0013009    gGcCCTgCTGtTTgGCATGATG-AtcttAGTaGcCATATTTTCAGAAAcGgGATTTTTCg 

NM_000275.  gGcCCTgCTGtTTgGCATGATG-AtcttAGTaGcCATATTTTCAGAAAcGgGATTTTTCg 

NM_016180.     AGTC-----------acTGcTG-AGAGCAcTGGTgA---------AcATGCctccTcaCt 

NM_0010125     AGTC-----------acTGcTG-AGAGCAcTGGTgA---------AcATGCctccTcaCt 

 

NM_000372.     AAtATgAatCTG----GttcCA----------------tGGATa---------------- 

NM_000550.     gACAc-----------GCCTC--------------------------------------- 

NM_000273.     AA-ATcATgCTG----GttTtAattAtTTgtTgGttGtCGaATaTcatCaATGA------ 
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NM_0013009     AttATTgTgCTGTAAAGgCatACCggCTctccCGGGGACGGgTGTgGGCCATGATCATCA 

NM_000275.     AttATTgTgCTGTAAAGgCatACCggCTctccCGGGGACGGgTGTgGGCCATGATCATCA 

NM_016180.     AcCgcTAcctTt----GCaTCAgCcACcTcAT------tGGATGgA-------------- 

NM_0010125     AcCgcTAcctTt----GCaTCAgCcACcTcAT------tGGATGgA-------------- 

 

NM_000372.     ---------------------------aAGCtgcCaatTtCAgCTTtAgAAAtAcaCTGg 

NM_000550.     ------------------------------CtTTtTatTCCAACTctACAAACAgttTcC 

NM_000273.     ---------------------------aAGCCTTtTatTCtAtCTTgAgAtgCAaaCaGa 

NM_0013009     TGCTCTGTCTCATCGCGGCCGTCCTCTCtGCCTTCTTGgaCAACgTcACcAcCATGCTcC 

NM_000275.     TGCTCTGTCTCATCGCGGCCGTCCTCTCtGCCTTCTTGgaCAACgTcACcAcCATGCTcC 

NM_016180.     ---------------------------CAGCCTTCcTGTCCAAC---------ATGCTGt 

NM_0010125     ---------------------------CAGCCTTCcTGTCCAAC---------ATGCTGt 

 

NM_000372.     -------------------AAGGaTtTgctA---GtCCAct------------------- 

NM_000550.     gaaaCACagtgG-------AAGGTTacAgtg---aCCC---------------------- 

NM_000273.     TaTcaAtG-----------gAGGTTcTtTGA---aaCCtgtCagaActgcAGcCAAGaCC 

NM_0013009     TCTTCACGCCTGTGACCATAAGGTTgTgTGAGGTGCtCAaCCTTGATCCAAGACAAGtCC 

NM_000275.     TCTTCACGCCTGTGACCATAAGGTTgTgTGAGGTGCtCAaCCTTGATCCAAGACAAGtCC 

NM_016180.     TCTTCA-------------cAGaTTtcATGg--------------------------gCC 

NM_0010125     TCTTCA-------------cAGaTTtcATGg---G-----------------------CC 

 

NM_000372.     -------------------------tACtGGgATAgCgGAtgCctCtcaaaGcAGCatgC 

NM_000550.     -------------------------CACGGGAAagtaTGACcCTGCtgTtcGaAGtCttC 

NM_000273.     AcATgGTtT--------------AttAtGGGAATcCtgaAtcC----------AGCCCAg 

NM_0013009     tGATTGcAgAAGTGATCTTCACAAACAttGGAggAgCTGcCACTGCCaTCgGggaCCCtC 

NM_000275.     tGATTGcAgAAGTGATCTTCACAAACAttGGAggAgCTGcCACTGCCaTCgGggaCCCtC 

NM_016180.     AGATTGTgT--------------AcCgCGGGgATcCCTa-------------tAGtgCAC 

NM_0010125     AGATTGTgT--------------AcCgCGGGgATcCCTa-------------tAGtgCAC 

 

NM_000372.     ACAATgCC-------TTgCaCATCTAtA--TGAATGGAAcAatGtCCcaGgtaCAGGGaT 

NM_000550.     ACAATT---------TggCtCATCTAttcCTGAATGGAAcAggGGgacaaAccCAtttgT 

NM_000273.     ggAtTTCtcTTGTctTTggCCtTCTACgGCTGgAcaGgAtgcAGcCtgGGt--------- 

NM_0013009     caAATgtCATTaTtGTTTCCaAcCaAgAGCTGA--GGAAgAtgGGCCtGGA--------- 

NM_000275.     caAATgtCATTaTtGTTTCCaAcCaAgAGCTGA--GGAAgAtgGGCCtGGA--------- 

NM_016180.     ACAAcTCCAcaGag-TTTCtCATCTACgaaaGA--GGAgtcgAGGttgGatgTtgGGGCT 

NM_0010125     ACAAcTCCAcaGag-TTTCtCATCTACgaaaGA--GGAgtcgAGGttgGatgTtgGGGCT 

 

NM_000372.     CtgCCAACgAtCCTATcTTccTtcttCacCAtgC--ATTtgtTGacAGTattTTTGAgCa 

NM_000550.     CtcCaAAtgAtCCTATtTTtGTCctcCTGCACACcTtcaCAgatGcAGT--CTTTGATga 

NM_000273.     ---------------TtTcaGTCTCcCaGgAaggAgATcCAgTGGGAaT--CacTGAcCa 

NM_0013009     ------------CTtTGccgGatTCACTGCACACATgTTCAtTGGGAtTTGCcTTGtTCT 

NM_000275.     ------------CTtTGccgGatTCACTGCACACATgTTCAtTGGGAtTTGCcTTGtTCT 

NM_016180.     tCtgCAtCAACtCcgTGTTttcCTCACTttAttCtTAcTttcaGaaAGT---TTTGgTaT 

NM_0010125     tCtgCAtCAACtCcgTGTTttcCTCACTttAttCtTAcTttcaGaaAGT---TTTGgTaT 

 

NM_000372.     -----GtgGCTccGaAGGcACcgTCCTctTcaAgaagttTaTCCAgaaGCcAAtGCacCC 

NM_000550.     -----atgGCTgAGGAGaTACAaTgCTgaTatAtccacaTtTCCAttgGaAAAtGCCcCt 

NM_000273.     CCTcGGCTGCTgAGGgGGctCACcCaT-----------------------------CcCC 

NM_0013009     CCTgGtCTGCTt------TcCgCTCCT----------------------CAgACtCCTtt 

NM_000275.     CCTgGtCTGCTt------TcCgCTCCT----------------------CAgACtCCTtt 

NM_016180.     -------------------------------------------------------CCTaC 

NM_0010125     -------------------------------------------------------CCTaC 

NM_000372.     ATTGGACAtAAccGGgaaTcCtACATGGttCCtTtTaTaCcaCT--GtacaGAaAtGGtG 

NM_000550.     ATTGGACAtAAtAGaCaaTACAACATGGtgCCaTtcTgGCccCcaGtCaccaAcAcaGAa 

NM_000273.     AcTG-------------aTgCccCATGaAAaC----------CcTGcttccGgGAAGGtG 

NM_0013009     AcTGGA-AcAgaAaGCTTTAtAACAaGGAACCCagTgaGaTtgTTGaaCTGaAGcAcGAG 

NM_000275.     AcTGGA-AcAgaAaGCTTTAtAACAaGGAACCCagTgaGaTtgTTGaaCTGaAGcAcGAG 

NM_016180.     ATTGGAttAAAggGtCTTTACttCAcGGgA---TATTTGCTgtTTGGCCTGGgGAcGGga 

NM_0010125     ATTGGAttAAAggGtCTTTACttCAcGGgA---TATTTGCTgtTTGGCCTGGgGAcGGga 
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NM_000372.     ATTtcTt-TatTtCatCCaAagatC----------------------------------- 

NM_000550.     ATgttTGtTaCTgCtCCaGACaaCCTgGgatacacttatgaaattCAatgGCCAaGtCgG 

NM_000273.     tcTCAaG-TGggtgGgCaGAC------------------------ttCtgaCgAaGCC-- 

NM_0013009     ATTCAcG-TctggCGCCtGACTGCtcAGCG---------------CAtCAGCCcGGCCAG 

NM_000275.     ATTCAcG-TctggCGCCtGACTGCtcAGCG---------------CAtCAGCCcGGCCAG 

NM_016180.     tTTatTG-gGCTcttCCCGAaTGtCTA------------------CtCCAcCCtGGtC-- 

NM_0010125     tTTatTG-gGCTcttCCCGAaTGtCTA------------------CtCCAcCCtGGtC-- 

 

NM_000372.     ---------------TGggCtaTGaCTataGCtATctaCAAGaTtCaGacCCaGa----- 

NM_000550.     gaG------------TttAgtgTaCCTGagatAATtGCCAtaG--CaGTAgttGG----- 

NM_000273.     CTG------------aGCAtgCTGtCTG-----------AAGGTtCTGatgCCaG----- 

NM_0013009     CcGCGAGGAGACAGCTGtgCgCcGCCTGcTGC--TGGggAAGGTgCTGgcaCtGGAGCAC 

NM_000275.     CcGCGAGGAGACAGCTGtgCgCcGCCTGcTGC--TGGggAAGGTgCTGgcaCtGGAGCAC 

NM_016180.     CTG------------TGCAgcCTGttTGgTGtAATGtCCAgcaccCTGTACaCtG----- 

NM_0010125     CTG------------TGCAgcCTGttTGgTGtAATGtCCAgcaccCTGTACaCtG----- 

 

NM_000372.     -ctCTtTT---------------------------------------------------- 

NM_000550.     -cGCTtTgttactGGtTgcACTCATTttTggGACtGcTtcttatctgattcgtgccagaC 

NM_000273.     -caCaaTT--------gAAAtTCAcaCtgCAagtgaATCc-------------------t 

NM_0013009     CTGCTCgcCCGgAGGCTgcACaCcTTCCaCAGACAGATCt-------------------C 

NM_000275.     CTGCTCgcCCGgAGGCTgcACaCcTTCCaCAGACAGATCt-------------------C 

NM_016180.     -TGCcCTT--------TAAcCTCATTaCTgAGtaccAcCg-------------------C 

NM_0010125     -TGCcCTT--------TAAcCTCATTaCTgAGtaccAcCg-------------------C 

 

NM_000372.     ----------caAgacTa-----------------------------CATtAAGtCCtAT 

NM_000550.     GCAGtAtggAtGAAGcTa----ACCAgccTCtCctcACT--------gATCAgtAtCaAT 

NM_000273.     GCAacAaAAAtGAgGgTG----ACCctgcTCtCccAACc--------CATggAGACCtAT 

NM_0013009     aCAGgAGgAcAaAAatTGGGAGACCAATATCCaAgAACT--------CcaaAAaAagCAT 

NM_000275.     aCAGgAGgAcAaAAatTGGGAGACCAATATCCaAgAACT--------CcaaAAaAagCAT 

NM_016180.     GagGaAGAAAAGgAGagG-----------------------------CAgCAgGcCCCA- 

NM_0010125     GagGaAGAAAAGgAGgTGtGctgtCAtTgaaCCtctgCcttgggtaaCATCcAGACtCAT 

 

NM_000372.     ttGgaAcaaGcGaGtcg------------------------------------------- 

NM_000550.     gctATgctGaAGaatATgaaaaaCtCCAgAatCCTAAtcagtCTGtGgTcTAAcAaaTgC 

NM_000273.     --------GaAGGGGAT------------------------------------------- 

NM_0013009     agGATAtCtGAcGGGATTCTGCTCGCCAAATGCCTgACAGtGtTGGGATTTgttAtCTtC 

NM_000275.     agGATAtCtGAcGGGATTCTGCTCGCCAAATGCCTgACAGtGtTGGGATTTgttAtCTtC 

NM_016180.     --------GGAGGG---------------------------------------------- 

NM_0010125     ctGAaggCtGgGGaGgaTtTGgTaGCaAtgTGtagAgCAGaGCTGGaAaaTAAgggtTc- 

 

NM_000372.     ------------------------------------------------------------ 

NM_000550.     cctacTcTCtTatgcattagTaTCaCaaaaccaCcTggTtgaaTataATaGATTGAgtTA 

NM_000273.     ------------------------------------------------------------ 

NM_0013009     ATGTTTTTCCTCAATTCGTTTGTCCCTGGCATTCATCTTGATCTTGGATGGATTGctATt 

NM_000275.     ATGTTTTTCCTCAATTCGTTTGTCCCTGGCATTCATCTTGATCTTGGATGGATTGctATt 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     ----------------------------------------------------TTGAaAcA 

 

NM_000372.     ------------------------------------------------------------ 

NM_000550.     tTAACTGtatTtTctTTcACttTaTTAcCTtctttctaatacaagcatatgttaGcATTa 

NM_000273.     ------------------------------------------------------GTgcTg 

NM_0013009     cTgggTGCCATCTGgTTgctAATTTTAgCTG-----------------------aTATTC 

NM_000275.     cTgggTGCCATCTGgTTgctAATTTTAgCTG-----------------------aTATTC 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     gcAACaGtCAaaTGcccaACcAacT-----------------------------GcAacC 

 

NM_000372.     --GATCTgGt-----CATggctCcttGgGgcGgCgAtggtAgGGGCcgtCCTcactgCcc 

NM_000550.     AaGtTCTAGg-----CATACTtttCAaAGctGggaAGaCCcTttcagAatCTTtTcaaTg 

NM_000273.     ggGgTCcAGAccc--CATAtTcCtCAGAcTcaACaA------------------------ 

NM_0013009     ATGATtTtGAgAT--aATtCTACACAGAGTgGA-------ATGGGCaACCCTTCTgTtTT 
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NM_000275.     ATGATtTtGAgAT--aATtCTACACAGAGTgGA-------ATGGGCaACCCTTCTgTtTT 

NM_016180.     --GAcCcAGA-----CA------ACAGcGTgag--------------------------- 

NM_0010125     ATGATCTgGtacaggCATgCTcacCAGcccaGcCcAGcCCA---GCtgtCCTgtccTCcT 

 

NM_000372.     TGcTgGCAgggCTTGT--------------------GAGC-------------------- 

NM_000550.     gGtTttaAtTTtcaGTTCTaTTtaaaatggtgaATGacaCTAaActcCAtGAtaTtTaag 

NM_000273.     ---------TTCTTGTTCT--------------tTaGAaCTg------------------ 

NM_0013009     TtgcaGCgcTctTTGTTCTg-------------ATGGAGgcA------------------ 

NM_000275.     TtgcaGCgcTctTTGTTCTg-------------ATGGAGgcA------------------ 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     TatTctCAacTCcTGcTCacTT-----------AgGGAGCTgtAgggCAaGAagTgT--- 

 

NM_000372.     ----------------TTGctgtgTCgTC--------------------acAAGAGAAag 

NM_000550.     gatagtgtgaagatctTTGgCAtgatTTaaaggTTgagTAtgtGAAgATatAAGtaAgtg 

NM_000273.     ----------------TgttCtCAcCTTC---------------------------ccaA 

NM_0013009     ----------------TTGgCACATCTcC------ACtTAAtAGAATATGttgGAGAAcA 

NM_000275.     ----------------TTGgCACATCTcC------ACtTAAtAGAATATGttgGAGAAcA 

NM_016180.     -----------------------------------------------AgGgAAGgGcAtg 

NM_0010125     ----------------TactCcCATtTTtctaaTTAgaaAAagGctTggtgAgGctgAgA 

 

NM_000372.     cAgcttCCTGa----------------AGAAAAGCAGCcACTCcT--------------- 

NM_000550.     AACTaCCaTGC-ttTgtttAcGtgtaaAGgAAAatAatGttTgATAGtaaaTGTcCaCtT 

NM_000273.     cACTGCaCTGC----------------cGAAgtGtAGCGgCcCccAaaCctTGcTCTC-- 

NM_0013009     AACTGCttTGCTAATAAAgATGGtCCCAGAggAGCAGCGcCTCATAGCCgCcaTTgTCCT 

NM_000275.     AACTGCttTGCTAATAAAgATGGtCCCAGAggAGCAGCGcCTCATAGCCgCcaTTgTCCT 

NM_016180.     gACTGCgCc--------------------------------------------------- 

NM_0010125     AACcagCCcaCaAtTAcAcAaaGaC--AaAAAAaggGgGACcCAggtCttCTGTaacCac 

 

NM_000372.     --CATgGagaAAGaGG-------------------------------------------- 

NM_000550.     aaaATAcaTGAAtgGG----CAtttCTAaaATgtTaAaAcATaaACAcatTtCCaTTCAt 

NM_000273.     ------------------------------------------------------------ 

NM_0013009     ------GGTGgtGtGGGTCTCAgCCCTgGCgTcGTCcCtgATTGACAACATcCCGTTCAC 

NM_000275.     ------GGTGgtGtGGGTCTCAgCCCTgGCgTcGTCcCtgATTGACAACATcCCGTTCAC 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     ctCATAGGTctccctGGTgcCAcCtgcAGCATttctAgAtAccGACAAtAagggtcTCcC 

 

NM_000372.     --------AtTACCAcAgcT----------TGtAtCAGA-GCcAtTtataaAAGG----- 

NM_000550.     ggatatttgtcAaCAgAttTAaAGaaaA------CCAcA-GtTAtTAattaAAGa----- 

NM_000273.     --------AtcACCAg------------------CtAGA-GCTtCTtCCCGAAGG----- 

NM_0013009     T-------gCTACCAtgAtTcCcGTGCtCCTGAACCtGA-GCcACgACCCtgAGGTTGGC 

NM_000275.     T-------gCTACCAtgAtTcCcGTGCtCCTGAACCtGA-GCcACgACCCtgAGGTTGGC 

NM_016180.     --------ACcctCAcAtgcAtgGTGCAgCTGgctCAGA---TcCTggtCGgAGG----- 

NM_0010125     TatccccaACTttCAgAggTACAtaGtggaatttCttGgcatTAtTtgCtGAgGGTaGGa 

 

NM_000372.     -----------------------------------------------cTtAGGcAAtAGa 

NM_000550.     ------------------------------------AaAttaattaTGTGtaGTtAtAaa 

NM_000273.     ------------------------------------------------------------ 

NM_0013009     CTGCCCGCACCGCCGCTCATgTATGCCCTGGCCTTCgGtgCTTGCCTGgGAGGTAACgGG 

NM_000275.     CTGCCCGCACCGCCGCTCATgTATGCCCTGGCCTTCgGtgCTTGCCTGgGAGGTAACgGG 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     aaGtCCtaggCaatGgagtccagattttaGtaagTCAGAcCccatgTGTGAGaaggaAaG 

 

NM_000372.     gtAGgGcCAaaaaGcCTGAcCtcactcTaacTcAAaGTAaTGTccag---GtTccCAGAg 

NM_000550.     cCAatGaaATtttGatTaAcCtt-------tTcAAatTAaTGTtcCa---GtTTgaAGAc 

NM_000273.     --------------------------------------------------GCcTttAGgA 

NM_0013009     ACA------------CTGATtggCgCgTCGgcAAACGTcGTGTGtgCAGGGaTTgCAGAA 

NM_000275.     ACA------------CTGATtggCgCgTCGgcAAACGTcGTGTGtgCAGGGaTTgCAGAA 

NM_016180.     ------------------------------------------TGgCCtGGGCTTtCtGgt 

NM_0010125     ctgGaatCATgggtggTaATCccCaCtTtGcTgccCtgAGcGgGaCCtGtGCcatttaAA 
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NM_000372.     aAt----------------aTcTgCtgGTAtTttTctg---------------------- 

NM_000550.     CAatcaAAtatAttattTAGTcaACataTACTatTtag---------------------- 

NM_000273.     tAGgAgAAaGg--------GTtcAtGcacACaCgTgtg---------------------- 

NM_0013009     CAGCAt-------------GgATAtGgGTtCTCcTtCA---------------------- 

NM_000275.     CAGCAt-------------GgATAtGgGTtCTCcTtCA---------------------- 

NM_016180.     CAaCAcAgC--------------------------------------------------- 

NM_0010125     CcttggAACGcAa---cTAGTgaACaaGcgCctaTgCAgtgcttataacagagttggtgt 

 

NM_000372.     --------------------------TaAagAccATTtGCAAaaTTgTaacCTaaTAcAA 

NM_000550.     ------TCtcAggTTcaAGGCTa---caACaAAAATcacCAtCtTTgTcaAactTTgGAg 

NM_000273.     --------------------------------------------------------AGAA 

NM_0013009     ------TgGAAttTTTCAGGCTgGGCTTcCCAAtgaTGGttgtGTcCTgCACTGTTgGgA 

NM_000275.     ------TgGAAttTTTCAGGCTgGGCTTcCCAAtgaTGGttgtGTcCTgCACTGTTgGgA 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     ttccacTCtAAaaTTaCcacCTcttCTTAtCAAAATTtGCAACtTTCTtCctgtgaAaAt 

 

NM_000372.     AGtGTagcCTtCtTCcAaCTCAgGtAG--------------------------------- 

NM_000550.     AGGGaaAatcttCaCTttCTtAaGCAacaATGGA---------------------tatTg 

NM_000273.     tGGaagAgCcCCCTCcAGacCActC----------------------------------- 

NM_0013009     tGtGTTATCTCCtTgTgGCTCAtGtgGTGgTGGgATGGAATTAATAGACATCCATCtATT 

NM_000275.     tGtGTTATCTCCtTgTgGCTCAtGtgGTGgTGGgATGGAATTAATAGACATCCATCtATT 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     AGGcTTATagttCctTAaCTggaGCAaTGATatAAaaGctacAgagataActCcaagtTT 

 

NM_000372.     -------------------------------------------aAcAcAcCTgtCtTtGt 

NM_000550.     cCTgtgtttgccActGtgttTcCcTgCcTCtCAAttCgCTgAAaAaggAACTACCtatcC 

NM_000273.     ---------------------------------------------TAcAgCTgCtCTaGC 

NM_0013009     gCTCgAAgACTaAAGGAAACTtCATCCATCACAACCCAtTAgtCATAaAACTACCCTgaC 

NM_000275.     gCTCgAAgACTaAAGGAAACTtCATCCATCACAACCCAtTAgtCATAaAACTACCCTgaC 

NM_016180.     ---------------------------------------------cgggACcgttgTcGt 

NM_0010125     aaTCcAgctCagcAtGAAACTgCA--------AAaaCACTgAACATAtAACcAtCagact 

 

NM_000372.     CTTgCTGTT--------ttcActcAgccctTtTAacAttTtccCctAaGCcCA------- 

NM_000550.     tTacaTtTc--------AcctAcTAaTgtCTCTtctAAcatcttAGAGGtcCA------- 

NM_000273.     CTTAgTtgc--------------------CaCTAGgAAgTtTtCtGAGGCtgg------- 

NM_0013009     CccACTGTTTgAAGAAGAAAAggTgcTTaCcCTgGAgAtgCTaCAGAGaCACA----GTG 

NM_000275.     CccACTGTTTgAAGAAGAAAAggTgcTTaCcCTgGAgAtgCTaCAGAGaCACA----GTG 

NM_016180.     CgTggTGaT-----------------------cAcAgcgTCTgCgGtGGCACt------- 

NM_0010125     aTaAtTcTggccAtgtttttcAtcAtTTgaTCTgGcAgcagggCAGAGGtgCAccagGaG 

 

NM_000372.     ------------------------------------------------------------ 

NM_000550.     ------------------------------------------------------------ 

NM_000273.     ------------------------------------------------------------ 

NM_0013009     GAATAGACCTTgACACTAACACTCTAATTCAAgCgAATgTTGGAACACCATGACCTCCTC 

NM_000275.     GAATAGACCTTgACACTAACACTCTAATTCAAgCgAATgTTGGAACACCATGACCTCCTC 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     tAAaAacCtTTcAaAaaAgaggTgTggcTttcctcAtcccctGgcaAaCATtgtCaCCaa 

 

NM_000372.     -----------------------------------------TATgtCTAAGGAaAggATG 

NM_000550.     ------------------------------------tggAgaAggCaTAtGGAgAAcATG 

NM_000273.     ----------------------------------------------CTgtaaAgtAAgTG 

NM_0013009     TGTGTGTCCTT------------------------------TcTCCCcAAGGAcAAAATG 

NM_000275.     TGTGTGTCCTT------------------------------TcTCCCcAAGGAcAAAATG 

NM_016180.     ---------------------------------------------------GAtAggcTG 

NM_0010125     gGTGgGatgTTgctgctaatgggagagtcatcataaaaaAcTgTCCCTAcaaggAgAgTG 

 

NM_000372.     cTAttTGgTaaTgaggAACTgtTAtT---------------------TgtaTgTGaaTTA 

NM_000550.     TTttATacTGcTctATAAaTAgTAtT-------------CcaAtcAcTgtGctTaaTTTA 

NM_000273.     T----------------------------------------------------------- 

NM_0013009     TagAAaGATGTgAGATAACT--TACTCAAGATTCCCCTCCAGAAAAATACGTaTGtTTaA 
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NM_000275.     TagAAaGATGTgAGATAACT--TACTCAAGATTCCCCTCCAGAAAAATACGTaTGtTTaA 

NM_016180.     T----------------------------------------------------TGcTTTg 

NM_0010125     TTAcATGgTGTTgGgggAagAaaACctAcGcTTCaggctCAGAgAA----accTGgaTTc 

 

NM_000372.     AAgtgCTcttatTT--------------------------------tAAAAAATtgAaAT 

NM_000550.     AAtagCaTtaTcTTATcatTtatcAgccttttAtgTattttcCaAgtAAAAtATtAAcAT 

NM_000273.     ------------------------------------------------------------ 

NM_0013009     AAACCCTTCCTgcTATACATAGGAAaAGAcACACAT------CCACCtAAAAtTGActgT 

NM_000275.     AAACCCTTCCTgcTATACATAGGAAaAGAcACACAT------CCACCtAAAAtTGActgT 

NM_016180.     tcgCtCTcttTgTTAgA------------------------------------------- 

NM_0010125     AAAtCCTgCCTcTctcACtTgGaAgctGtgttACAc-----------------TGgggAT 

 

NM_000372.     AaTtTTgAtTTtTgc----------------------cTtcTgaTTAttTaAaGaTcTAT 

NM_000550.     AtTATTTcATTGgtc----------------------TTCtTtTTTAtCTG--GtTcTAT 

NM_000273.     ---------------------------------------------------AaGgTccAc 

NM_0013009     ACTgTTTAAcTGTcA---------------------------ATTctcCTGAGGcTAaAc 

NM_000275.     ACTgTTTAAcTGTcA---------------------------ATTctcCTGAGGcTAaAc 

NM_016180.     ---------------------------------------------------------TAT 

NM_0010125     gtTATTTAcTTGTttattagttagcacttagaatgagTTCaTtTTTAggTGAGataATAT 

 

NM_000372.     ATAtgT----------------------------------------TTTATTggcCCCtT 

NM_000550.     ATgaAT----------------------------------------gcTATTTTTtCCcT 

NM_000273.     ATcctT------------------------------------------------------ 

NM_0013009     AcAgtT------------------------------------------TgTTTTTCttgT 

NM_000275.     AcAgtT------------------------------------------TgTTTTTCttgT 

NM_016180.     gTggAT------------------------------------------------------ 

NM_0010125     ATtcAcaatgatacacaaaagtgcacactgtgtgctccctttaccaTTTAcTaTctCCcT 

 

NM_000372.     ctT--------------------------------------------------------- 

NM_000550.     tcTCttCTAACATGaaAtAtattTtctCtTTttgATctTgTGCTaT--GAAacaAtctTc 

NM_000273.    ------------------------------------------------------------ 

NM_0013009     AATCACtTttCATGTTAAAATAATCAgCATTCAAATtGTATGCTTTCTGAATATAGACTT 

NM_000275.     AATCACtTttCATGTTAAAATAATCAgCATTCAAATtGTATGCTTTCTGAATATAGACTT 

NM_016180.     ------------------------------------------------------------ 

NM_0010125     ccagcCCcAACgTGTTAccActcTtActAgTttttTgtTAatCTTTCc------------ 

NM_000372.     -----------------------TAttTtAATAAAAcAgtgA-------gAAaTc----- 

NM_000550.     caaaGaActgtaTaaggTGGTCaTAAGTgAATAtttTAatTA-------AAAtTG----- 

NM_000273.     ----------------ggGGaaGTAgtTAAATAAAATAgtTA-------tgACTG----- 

NM_0013009     TCTGGGAAAAGGTTTACTGcTCGTAAGgAAAcAtttTAtgTATTAAAATAAACTGTTCCT 

NM_000275.     TCTGGGAAAAGGTTTACTGcTCGTAAGgAAAcAtttTAtgTATTAAAATAAACTGTTCCT 

NM_016180.    -----------------------TAgGTcAATAAAgagacaA-------tgACccTaaCc 

NM_0010125     -------------------GgCaTtttTAAATAAAAaccaag-------cAAaTG----- 

 

NM_000372.      ---TAAAAAAAAAAAAAAAAAA 

NM_000550.      ---gtAAAAAtAAAtAAtAAcA 

NM_000273.      ---aAAAAAAAAAAAAAAA--- 

NM_0013009      TgATAAAAAAAAAAAAAAAAAA 

NM_000275.      TgATAAAAAAAAAAAAAAAAAA 

NM_016180.      TcAgAAAAAAAAAAAAAAAAAA 

NM_0010125      ---TAAAAAAAAAAAAAAA--- 
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PhyML RESULTS 

 
 

Mega X RESULTS 
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Bioedit RESULTS

 
 

DISCUSSION 

Albinism is a typical genetic disease. The 

only cause for this disease is the changed 

genetic code of the genes. This is the 

major reasons why till date no medicine 

for disease has been developed. The study 

of its genetic code in humans and other 

related species with its similarity to the 

related genes may help us know more 

details about the disease and in the 

development of genetic medicine or 

treatment of these diseases. Genetic 

treatment is the only way to cure these 

genetic diseases [5]. 

 

Phylogenetics is a special kind of 

phylogeny that relies on the comparison of 

equivalent genes coming from several 

species for reconstructing the genealogic 

tree of the genes  and finding out who is 

the closest relative of whom in the family. 

The phylogenetic analysis of the genes 

reveals the relationship of the genes and 

their variants responsible for 

phenylketonuria and hyperphenyalanemia. 

The purpose of the phylogeny is to study 

how the environmental conditions and 

other factors have led to the diversification 

of the sequences [6-9]. The studies also 

help us to analyse where mutation have 

taken place in the nucleotide sequences 

and thus leading to change in the amino 

acids. This analysis groups the sequences 

according to level of their similarity. 
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As the first step towards phylogenetic 

analysis the genes and their variants 

responsible for the cause of albinism have 

been identified. The genes OCA1, OCA2, 

OCA3, OCA 4, OA1and it’s variants were 

first identified and selected from 

NCBI.The similarity of these sequences in 

related organisms has been studied by 

using BLAST for the selected gene 

sequences. The similar sequences 

responsible for the concerned disease are 

selected for the further analysis and 

constructing their phylogeny. 

 

The further analysis of the genes was done 

by conducting multiple sequence 

alignment of the selected sequences using 

bioinformatics tools like Clustal Omega, 

MUSCLE and Mega X These alignments 

showed the pattern of how the gene codes 

evolved or changed by mutation with time 

and other environmental factors. 

 

To study the phylogenetic relationship of 

the genes responsible for occulocutaneous 

and ocular albinismand to check the 

validity of the results received 

phylogenetic trees have been generated 

using various bioinformatics tools like 

PHYLM, MEGA X, BioEdit. The results 

obtained show that evolution and time all 

the responsible genes have undergone 

change in their genetic code due to 

mutations. These mutations may have been 

caused by the changing environmental 

conditions, the living and the food habits. 

All the sequences analysed show 

significant divergence from the node of the 

tree. All the sequences OCA1, OCA2, 

OCA3, OCA 4, OA1 and its variants have 

shown great similarity with each other. 

The OCA2 and the OA1 genes have shown 

the maximum divergence from the tree 

node showing that these genes have 

undergone the maximum number of 

mutations with time. The present 

phylogenetic studies have opened a new 

path for the further analysis of the gene 

sequences and to develop new genetic 

medicines for Albinism and its various 

types. 
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