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ABSTRACT 
 

Tubulins are composed of filaments or thread like structures called as microtubules which plays an 
important role in structural composition of cytoskeleton. Tubulin comprise of various types and 
subtypes. They belong to family of globular proteins.α-tubulin’s are considered as a multigene family 
in various species. Sequence analysis of human, mouse and rat α-tubulin has enabled an updated 
nomenclature to be studied. Analysis of orthologues helps to study evolutionary relationships and to 
identify the sequence homology among all genetic variants. Researchers can predict various 
structural elements and can overcome many gene mapping problems. 
Purpose: To study and compare the evolutionary relationships, homologs, orthologues and putative 
protein domains. 
Materials and Methods: Sequence analysis of human, mouse, and rat α-tubulin gene has enabled 
an updated nomenclature to be studied. Analysis of orthologues helps to study evolutionary 
relationships and to identify the sequence homology among all genetic variants. 
Results: Comparative study was performed by using number of different bioinformatics tools and 
software’s like BLAST, Ensemble and Interpro. The nucleotide sequence of 1353 bp was retrieved 
from Genbank NCBI. The sequence was rich with many coding regions. The mRNA transcript was 
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analyzed with 3 different splice variants. Various protein domain were analyzed which belongs to 
superfamily of TUBA3C gene associated protein. 
Conclusion: The analysis of TUBA3C gene and protein domain helped to predict the 3D structure 
of related proteins. The homology and similarity studies can help to predict the evolutionary 
relationships. 
 

 

Keywords: Tubulin gene; structure homology; orthologues; gene mapping. 
 

1. INTRODUCTION 
 

Microtubules are cylindrical tubes of 20-25 nm in 
diameter which performs various diverse 
functions in eukaryotic cytoskeleton. They are 
composed of some protofilaments and are 
considered as heterodimer of alpha and beta 
tubulin. Tubulin is found to be major constituent 
of microtubules. Hence, the genes which code 
for these microtubules are known to be part of 
the tubulin superfamily. It binds two moles of 
GTP one at an exchangeable site on the beta 
chain and other at a non-exchangeable site on 
the alpha chain. There are six distinct families of 
tubulin. About six human genes encoding 
different tubulin subunits are observed from 
previous studies [1]. Similarly, genes from the 
alpha, beta and gamma tubulin families are 
found to be rich in mostly all eukaryotes. Alpha 
and beta tubulins are more commonly found in 
microtubules. However, gamma tubulin is mainly 
involved in the nucleation of microtubule 
assembly. According to some previous studies, 
multiple alpha and beta tubulin genes are found 
to be highly conserved among and between 
species. A number of studies suggested, most 
epithelial tumor cells which are highly expressed 
as isoform of tubulin is beta tubulin, which is 
encoded by the TUBB gene [2-4]. 
 

Multiple mutations associated with alpha tubulin 
gene have been reported. Some of the α-tubulin 
mutations have found to be associated with 
lissencephaly and impaired neuronal migration 
[5]. Moreover, γ-tubulin is necessary for 
nucleation of the microtubule assembly. On the 
other side, the role of the remaining tubulin 
families are not well characterized yet [6,7]. 
Human genome consists of variety of the α-
tubulin genes. The degree of tissue specificity 
also varies in expression of some α-tubulins, with 
several different mouse and human α-tubulins 
[8,9]. 
  
To study about various orthologues of TUBA3C, 
whole genome can be analyzed to know about all 
the predicted alpha tubulin gene families. The 
studies through HGNC and MGNC nomenclature 
data will help to study the evolutionary 

relationships, sequence comparisons, predicted 
homologs, orthologues and mainly about protein 
domains [10]. 
 

2. TUBA3C GENE 
  
TUBA3C (Tubulin, Alpha 3c) is found as a 
Protein Coding gene. TUBA 3C mainly encodes 
a protein 99% identical to the mouse testis-
specific Tuba3 and Tuba7 gene products. 
Multiple diseases are found to be related with 
this gene like ectodermal dysplasia 2 and 
dfnb1.Genome annotations related to this 
selected gene include GTP binding and structural 
constituent of cytoskeleton. The study was 
performed to analyze and compare the TUBA3C 
gene with its various orthologues at gene and 
protein level. The conserved domains of protein 
were also analyzed by using various 
bioinformatics tools. 
 

3. MATERIALS AND METHODS 
 
Tubulins are considered as major building blocks 
of microtubules. They have been divided into 
several subunits mainly alpha and beta subunits. 
These subunits playa very important role in 
assembly of various microtubules. Sequence 
comparison of tubulin gene with other predicted 
orthologues was performed by using various 
bioinformatics tools and software’s. The 
methodology used to retrieve, compare and 
analyze the TUBA3C gene and its associated 
protein is discussed below. 
 

3.1 Sequence Retrieval of TUBA3C Gene 
 

Sequence of TUBA3C gene was retrieved from 
NCBI-Genbank data repository. The sequence 
features are studied. All coding regions are 
highlighted. Further, this sequence was 
translated into protein. 
 

3.2 Chromosomal Map Analysis 
 

Chromosomal Map of the TUBA3C gene was 
analyzed by using Ensemble software. The 
complete location of gene was indicated on 
chromosome. 
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3.3 Identification of Orthologues 
 

Orthologues for TUBA3C gene were identified by 
using Ensemble software. A number of different 
orthologues were found from mouse, rats, horse, 
chimpanzee etc. 
 

3.4 Protein Domain Analysis through 
InterPro Tool 

 

InterPro was used to study various protein 
matches and signatures. The putative conserved 
domain of TUBA3C gene was found by using 
InterPro data repository. 
 

4. RESULTS 
 

Microtubules are known to be functionally distinct 
structures involved in cellular processes like 
mitosis, cell movement and cell division. The 
important components of microtubules includes 
different isoforms of alpha and beta tubulins. The 
translated sequence of selected gene was 
obtained to analyze the conserved regions. Five 
were identified in the selected gene. Gene 
transcription produces 4 different mRNAs with 3 
alternatively spliced variants and 1 unspliced 
form. The mRNAs appear to differ by truncation 
of the 5' end, overlapping exons with different 
boundaries. The 3 spliced and the unspliced 
mRNAs putatively encode good proteins, 
altogether 4 different isoforms (2 complete, 1 
COOH complete, 1 partial), some containing 
domains Tubulin family, GTPase domain, Tubulin 
C-terminal domain [Pfam]. 

4.1 Sequence Retrieval from NCBI 
 
Sequence analysis of TUBA3C gene was 
performed with bioinformatics analysis tools. 
Coding regions were analyzed. The nucleotide 
sequence of 1352 bp was obtained from 
Genbank NCBI. The highlighted region shows 
the coding regions of gene. 

 
4.2 Chromosome Map 
 
The chromosome map was obtained from 
ensemble software. The TUBA3C gene was 
located on chromosome number 13. The Fig. 3 
shows the position of gene on chromosome. 

 
4.3 Identification of Orthologues 
 
The TUBA3C gene was analyzed with other 
gene variants in different species. All vary in size 
and are present on different chromosomes. Total 
64 different orthologues have similarity with 
TUBA3C gene. Few of them are given below in 
the Table 1. 

 
4.4 Consensus CDS Protein Set 
 
The TUBA3C nucleotide sequence was assigned 
ENST00000400113 ID by ensemble. Similarly, 
the ID for its associated protein is 
ENS00000382982. These gene coding proteins 
are submitted in specific consensus protein 
database. 

 

>ATGCGTGAGTGTATCTCTATCCACGTGGGGCAGGCAGGAGTCCAGATCGGCAATGCCTGCTGGGAAC
TGTACTGCCTGGAACATGGAATTCAGCCCGATGGTCAGATGCCAAGTGATAAAACCATTGGTGGTGGGG
ACGACTCCTTCAACACGTTCTTCAGTGAGACTGGAGCTGGCAAGCACGTGCCCAGAGCAGTTTGTGGAC
CTGGAGCCCACTGTGGTCGATGAAGTGCGCACAGGAACCTATAGGCAGCTCTTCCACCAGAGCAGCTG
ATCACCGGGAAGGAAGATGCGGCCAATAATTACGCCAGAGGCCATTACACCATCGGAGATCGTCGACCT
GGTCCTGGACCGGATCCGCAAACTGGCGGATCTGTGCACGGGACTGCAGGCTCTCATCTTCCACAGTTT
TGGGGGTGGCACTGGCTCTGGGTTCGCATCTCTGCTCATGGAGCGGCTCAGTGGATTACGGCAAGAAG
TCCAAGCTAGAATTTGCCATTTACCCAGCCCCCCAGGTCTCCACGGCCGTGGTGGAGCCCTACAACTCC
ATCCTGACCACCCACACGACCCTGGAACATTCTGACTGTGCCTTCATGGTCGACAATGAAGCCATCTATG
ACATATGTCGGCGCAACCTGGACATCGAGCGTCCCACGTACACCAACCTCAATCGCCTGATTGGGCAGA
TCGTGTCCTCCATCACGGCCTCCCTGCGATTTGACGGGGCCCTGAATGTGGACTTGACGGAATTCCAGA
CCAACCTAGTGCCGTACCCCCGCATCCACTTCCCCCTGGCCACCTACGCCCCGGTCATCTCAGCCGAG
AAGGCCTACCACGAGCAGCTGTCCGTGGCTGAGATCACCAATGCCTGCTTCGAGCCAGCCAATCAGAG
GTCAAGTGTGACCCTCGCCACGGCAAGTACATGGCCTGCTGCATGTTGTACAGGGGGGATGTGGTCCC
GAAAGATGTCAACGCGGCCATCGCCACCATCAAGACCAAGCGCACCATCCAGTTTGTAGATTGGTGCCC
AACTGGATTTAAGGTGGGCATTAACTACCAGCCCCCCACGGTGGTCCCTGGGGGAGACCTGGCCAAGG
TGCAGCGGGCTGTGTGCATGCTGAGCAACACCACGGCCATCGCGGAGGCCTGGGCTCGCCTGGACCA
TAAGTTCGATCTCATGTATGCCAAGCGGGCCTTTGTGCACTGGTACGTGGGAGAAGGCATGGAGGAGG
GGGAGTTCTCTGAGGCCCGCGAGGACCTGGCAGCTCTGGAGAAGGATTATGAAGAGGTGGGCGTGGAT
TCCGTGGAAGCCGAGGCTGAAGAAGGTGAAGAATACTGA 

 
Fig. 1. Shows the nucleotide sequence of TUBA3C gene obtained from GenBank-NCBI. The 

highlighted region shows the coding regions 
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4.5 Protein Domain 
 

Proteins are macromolecules made up of some 
functional folding units referred as domains. The 
TUBA3C protein was searched in Interpro protein 
database for identification of various protein 

domains and signature with assigned accession 
ID i.e, Q13748. The length of protein sequence 
was 450 aa. All domains are part of different 
protein families with several conserved patterns 
and signatures. Some of the domains are shown 
in Fig. 5. 

 

 
 

Fig. 2. Shows the translated protein sequence of TUBA3C gene obtained from 
GenBank-NCBI 

 

 
Fig. 3. Shows the chromosome map of TUBA3C from ensemble software 

 

 
 

Fig. 4. Shows the nucleotide and protein sequence of TUBA3C gene submitted in consensus 
protein database 

 
Table 1. Shows the reported orthologues of TUBA3C gene 

 
Sr. No. Gene ID Gene name Species Location 

1. 7278 TUBA3C Homo sapiens Chromosome 13 
2. 707215 TUBA3C Rhesus monkey Chromosome 17 
3. 107209044 TUBA3C Parus major Chromosome 9 
4. 106826191 TUBA3C Equusasinus         ------- 
5. 104356476 TUBA3 Tyto alba         ------- 
7. 101062302 tuba3c Takifugurubripes Chromosome 2 
8. 100993591 TUBA3C Pan pansicus Chromosome 13 
9. 100585215 TUBA3C Nomascus Chromosome 5 
10. 100434822 TUBA3C Pongo abelii Chromosome 13 
11. 465169 TUBA3C Pan troglodytes Chromosome 13 
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Fig. 5. Shows the putative protein domains of TUBA3C human gene with tubulin protein 
obtained from interpro protein databank 

 

5. DISCUSSION AND CONCLUSION 
 

Tubulin belongs to family of globular proteins 
superfamily. It has multiple types mainly two 
important, α and β-tubulins which tend to 
polymerize into microtubules. These are major 
components of cytoskeleton and function in 
many essential cellular processes, including 
mitosis. Many post translational modifications 
occur at C terminal. Some glutamate residues at 
the C-terminus are known to be 
polyglutamylated. Another modification, 
glycylation is mainly limited to tubulin 
incorporated into cilia and flagella. The precise 
function of such modifications is still unclear but 
they play an important role to regulate the 
assembly of microtubules. An alpha-tubulin gene 
was identified and cloned as the human 
homolog, which showed identity to an EST 
named TUBA2. The TUBA2 gene encodes a 
protein which consists of 450-amino acid that is 
identical to some mouse alpha-tubulins [11]. 
Moreover, it was concluded that the TUBA2 gene 
contains 5 exons and spans at least 6.5 kb. All 4 
of its introns are located at conserved positions. 
The 3-prime untranslated region of TUBA2 is 
85% homologous to that of TUBA1.The analysis 
of TUBA3C gene and protein domain helped to 
predict the 3D structure of selected protein and 
its related proteins. Finally proteins from this 
gene may be modulated by acetylation, mono-
methylation; phosphorylation and ubiquitination. 
 
According to some studies, the human tubulin 
gene family consists of 15 to 20 dispersed genes 

including pseudogenes [12]. It was observed that 
position of introns in humans and other 
organisms especially rats are quite identical. 
However, genes can be differentiated on the 
basis of 3-prime untranslated regions (UTRs). 
Alpha tubulin genes can be classified according 
to similarity of some C-terminal motifs. The 
analysis of selected gene shows there are 5 
exons and many introns which are located at 
some conserved positions. However, the 
similarity searches indicates that the human and 
mouse tubulin genes are 88% similar [13]. 
 
The analysis of TUBA3C gene showed its 
genetic variants in different organisms. All are 
located on different chromosomes and different 
positions. Each gene was having some similar 
characteristics according to their biological 
emergence and evolution. The evolutionary 
relationships and lineages provides detailed 
information about related ancestors. The 
TUBA3C protein was identified with different 
putative conserved domains. All domains were 
analyzed by using Interpro protein network. The 
first conserved domain was found at 270aa 
position. Similarly, the second domain was found 
from 280aa to 450aa position. All predicted 
protein domains showed different signatures and 
patterns. The crystal structure of selected protein 
helps to study the 3D configuration of tubulin 
protein. All TUBA3C genes have different 
configuration patterns. Therefore, the analysis of 
TUBA3C protein will lead to athorough 
understanding of the tubulin gene, its 
evolutionary pathways, genetic location, 
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occurrence, its similarity and homology with other 
tubulin gene variants, identification of 
orthologues and most importantly the conserved 
functional domains within the protein region. 
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