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ABSTRACT

Microtubules are composed of a heterodimer of alpha and beta tubulins and performs many diverse
functions. The genes encoding these microtubule constituents are members of the tubulin
superfamily. Studies shown the existence of genes from the alpha, beta and gamma tubulin
families in all eukaryotes.

The two main classes includes alpha and beta which mainly represents the tubulin family. There
are multiple alpha and beta tubulin genes, which are highly conserved among species. The
selected gene encodes alpha tubulin which belongs to its associated protein superfamily. All tubulin
genes differ in configuration just because of few amino acid substitutions. The study was performed
to analyze the alpha tubulin (TUBA8) gene and its associated protein by using various
bioinformatics tools. The gene was matched in HGNC against its particular entry to obtain the
HGNC gene ID. The variant analysis shown 3 coding exons, 276 genetic variants and few UTR
regions at 3'end of gene. Protein domains were analyzed by protein InterPro domain analysis
software.
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1. INTRODUCTION

Microtubules are structural filamentous
intracellular elements that are involved in variety
of movement processes. They are cylindrical
tubes of 20-25 nm in diameter and play an
important role in nuclear and cellular division
processes. Their assembly is found to be
complexed. Mainly, their role in intracellular
material organization is ambiguous.

Studies shown their importance in the disruption
of normal microtubule assembly can affects cell
motility,  division, secretion and mainly
intracellular transport machinery [1]. The diversity
of this type of microtubular structure and its
function suggests that different microtubule
subunits assemble into specialized microtubules
[2]. They are composed of some proto filaments
which are in turn composed of alpha- and beta-
tubulin polymers. Heterodimers of alpha and beta
tubulin proteins are the major components of
microtubules. According to some studies, each
microtubule is polarized showing at one end
alpha-subunits are exposed as (-) and beta-
subunits are exposed (+) at the other end. The
basic subunit of all microtubules is a heterodimer
of both alpha and Beta-tubulin polypeptides. The
alpha beta subunit was found to co assemble
with different species including some tissue
specific microtubule associated proteins to build
microtubules [3]. Various studies of tubulin (TUB)
proteins and genes from number of different
species indicate that although tubulin structure is
highly conserved among species.

According to some previous studies, tubulin is
known to be the major -constituent of
microtubules. It binds two moles of GTP, one at
an exchangeable site on the beta chain and one
at a non-exchangeable site on the alpha chain.
All the tubulin proteins are structural proteins with
conserved amino acid sequence between
species. The tubulin gene family consists of six
but highly conserved and distinct subfamilies that
possess alpha, beta, gamma, delta, epsilon, and
zeta-tubulins, each with specific conserved
sequences and are widely distributed among
eukaryotes [3,4].

1.1 TUBA8 Gene

The TUBAS8 (Tubulin, Alpha 8) gene belongs to
the alpha tubulin protein family. Alpha tubulins
are one of two core protein families namely,
alpha and beta tubulins that heterodimerize
and assemble to form microtubules. Several
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mutations in this gene are found to be associated
with polymicrogyria and optic nerve hypoplasia.
Various studies suggested that TUBAS8 is a
Protein Coding gene. Sequence analysis of
human, mouse, and rat a-tubulin genes has
enabled to get the new details related to tubulin
protein families. According to recent studies, a-
tubulin mutations have been associated with
some impaired neuronal migration [5,6].
Moreover, the y-tubulin is essential for nucleation
of the microtubule assembly. Similarly, details
about other families are not known yet [7,8].
Multiple copies of the a-tubulin genes are found
in the human genome. Tissue specific alpha
tubulins are also found which gives different
expression patterns in mouse and humans
[9,10].

The present study was performed to analyze the
tubulin gene with its associated protein. For, this
the alpha tubulin gene was selected. The
analysis was done by using various
bioinformatics tools. The genetic variants were
analyzed. The protein domains shown many
conserved regions with coding leading towards
formation of functional protein molecule. Results
obtained are discussed below.

2. MATERIALS AND METHODS
2.1 Sequence Retrieval of TUBA8 Gene

Sequence of TUBA8 gene was retrieved from
NCBI-Genbank data repository.

2.2 Chromosomal Map Analysis

Chromosomal Map of the TUBA8 gene was
analyzed by using Ensemble software.

2.3 Reported Homolog

Homology searching shows
homologs of TUBAS gene.

the predicted

2.4 Transcript Analysis

Transcript maps were obtained through
Ensemble software.
2.5 Protein Domain Analysis through

InterPro Tool

InterPro was used to study various protein
matches and signatures. The putative conserved
domain of TUBA8 gene was found by using
InterPro data repository.



3. RESULTS

Gene analysis of TUBA8 shows multiple genetic
variants with coding regions. The homology
search shown the predicted gene homologs
found in mouse and rats. Moreover, the study of
protein signatures in conserved regions have
given number of putative domains. Results
obtained are given in Fig. 1.

3.1 Sequence Retrieval

The alpha tubulin gene 8 sequence was retrieved
from NCBI - Genbank with accession Id
>0i|7594609|.

3.2 Chromosome Map

Chromosome Map was obtained by using
ensemble software. Map shows the tubulin gene

is located at chromosome number 22, q arm and

g 7594609 eat | A1245922.1| Hono sapiens i for alohe-tuulin B (TUBMBgene)
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position 18,110,331-18,146,554. The map is
shown in Fig. 2.

3.3 Homologs

The homology searches was performed to find
the similar and paralogous genes of tubulin alpha
8 gene. Results shown 2 reported homologs of
tubulin 8 gene in rats and mouse.

3.4 Transcript Analysis

Transcript analysis shown the highlighted regions
with different colors. All the highlighted regions
shows the frameshift, missense mutations, the
coding regions and 3' UTR. The ensemble Id
for selected tubulin alpha gene was
ENSE00003704038. The sequence of 328bp
from upstream region of gene was analyzed to
identify these mutations. The results are shown
in the Fig. 3.

AT TATC TG CART 6605 0aCAGRC AR ToAGAGaT L AL GhaC G CGA AR AR AT AR CATATCAGTCCAC T LG A GaAGT TCACATTLGCAATCCTRCTOLAGCTCTTCTECCTRGAACACGRCATCCCAGACG
T AT AT AT A oA G T A CAC TG GAGAC TG CAAT MG CATQTGCCCCGRGCCaTCATGATAGATCTGGAGCCTACTGTAGTEGATGAGGT TCGRGCAGLAACCTACCELCAGCTCTTCCATCCAGA
QA TOATCACAGOAMAGGACATOCAGCCAACACTATGCCCGBGBCCACTACAC GAT6EGCAAGGAGAGCATTGAC TR AL TGOACCGCATACGoANGC TOACARATGCTTGCTCTGR(CTCACGCCTTCCTGATTTTCCACAGTTTTGATEGECECACTG
GO CTTCACTT T QT A TGaAAC T O CTaaATTAT AN GAATCCARGCTRAGTTTCCATCTACCCAGCCCCCCAGGTCTCTACTRCAGTGRTRGAGCCCTACAACTCCATCCTRACCACCCACACCACACTCOAMTTCAGATTGTECTT
AT A GG AT AT A AT T QA QAT TG AT GG QLA CTATACCAACCTCAAC LG CTCATCAGTCAGATTGTGTCCTCANTCACTRCTTCTCTCCACTTTRACGRLGCCCTCARTETRGACCTCACTEAGTTCCAGACC
AT GGG GATC A TTC L TBT A TAC GO BT AT TG OA AR TATCAC GAACAGCTCTCTQTGECGAGATAACCAGCTCCTGCTTTGAGCCCAACAGC CAGTEG TOAGTGLGACCCGAGACATGECAAGTACAT
G CTBCTOCATRCTCTACCB6B6COACATERTRCCCAAGGATGTAAT AT CGCTATTGCTGCCATCAAGACCAAGAGGACCATCCAGTTTGTAGACTERTRTCCCACARGCTTCAAGG TRGRCATCARCTACCAGCCCCCGACCATRRTCCCCGRORRACACCTGR
(AN GaTGCA QB QTCTGCATCTCAGCACACCACGECCATTGCGAGCCTaEACCCGCCTCGACCACAARTTCGACCTCATRTAC G CAAGCGGGCCTTTETECATTCaTATGTGREAGACRC A TOAMAGAAGCACATTTTC TGAGGCCAGCGAAGAC
AT GG AR AT T T A A AT T T AAATATATACCTTCCCCT GG TRTaTCTCTTTATTTATGC TG RCCATTCARAGCACATGT TCARGAGRACAGRACACTCTCCCCGCCCC
AT T TAC CCAGAGGAGGRT L TG CAGT A CAGEGT AL GA GG TAAaTGGACACTGAGC T CATCAGGCCCTCCCTG3aTAGGACCAECTT TG TCACTAAGAAASToAGGLCCACTETCTC( BEChGRTRAGECTECAG
(CAGTTTCACATGoAGGAGRC T ATCAGGAGTTTCAATTCCAGATC6G5CTGGRTCCARCCCCAAMACAT GG CTGCTo5C TRaRGARTCGLAACACTCAGAGAAACECAAGA TC GG CTRCOAACATTCCGRGGCACGLATGACCGAACOTTCACATOAGTG
T TG TG ATCAT T AGACT A AT AT LA T AT CACATAT TCCAATACACACC TG CCTAGRCAC GGG CTRARA TToG TRAT ARG CCACACGAACACATTTCCTRCCCTCATACACACATAMTAMGTGAATEAGATC

ATET?

Fig. 1. Shows the nucleotide sequence of TUBA 8 gen

Chromosome 22: 18,110,331-18,146,554

e obtained from NCBI — Genbank

Assemby exceptions 11 il
Chr 22 p1 el [ qlL23 L ql23 qla2 ]
Assembly exceptions o ot
Fig. 2. Shows the chromosome map of TUBAS8 gene
Table 1. Shows the homologs of TUBA8 gene
Name Symbols Database entry
Rattas norvegicus TUBAS8 MGl : 1858225

Mus musculus

TUBAS

RGD: 1566041




Exons/ Introns

Translated sequence  Flanking sequence
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Intron sequence UTR

3 downstream sequence

Markup loaded
No.  Exon/Intron Start End Stat End  Length Sequence
Phase Phase
5‘upsﬂeamsequence .......... ctcaaccgecteatcagteagattgtgtocteaateactgettotetecy
ENSE00003704038 18,126,707 181271034 2 0 328 CTTTGAEGEEECCCTCARTATRGACCTCAMMGAGTTCCAGACCAACCTGETGCCCTACCE
CEECATCEACTTCCERCIGRTEACCTARGOGCCCATCATCTCTGORGAGRARGCETATCA
CERACAGCTCICTCTGECERAGATAACCAGETCRTGCTTTGARS GCCAGATGET
TGGECARGTACATGGCCTGETGEATECTETACCGEGGEEAEET
TECCCARGEATCTGANTGTEGCTATTGCTGCCATCAN TCCAGTT
TAGACTGETGICCCACAGRCTTCARG
Intron 1-2 18127035 18,130,642 3,608 gLgagagetgatgacttaggaAggT. . « . « « « » » « CLOCLCCLELLLCLILILOCCLOAY
ENSE00003703632 18,130,843 18131006 0 2 164 GTCCCCANERERTACCAGCCCCCRACEETCAMCCEeEEECAGACCTGACCAAGETECAS
CEGGCCGTCTGCATGCTCAGCAACACCACGECCATG CTEEGCCCGECTEGAC
CACARETTEGACCICATGTACGCCANGCGEECCTTTGIGEATTE
Intron 2-3 18,131,007 18,145,655 14,649 OO0UALO0RATAR. « v vauw .l ata tacag
ENSED0003709937 18,145 656 15146554 2 - 399 CCARAGGATCCAGITGEGEAICTCCTGTICATCTATGACETCTTTIGETETCIGCCARTCT

GEAGCCRTTCCTCARAGCTGTCTTTGAT TTTCATGARTCRTTTGAAGATGECARACCAGT
TGATCTGCAGAATGCECCTCRATTTGEGTIGECCARGACCERERTCCTGRERAAGSGETT
CCGGITACTGACCTTCGATGAGAACAGCACAGARGTGATACCBCGCTGACTCCACTCTGT
CCTCTGETGGEABGCARTTCCAGTETICCCBECACTGATGACTTTCTT GTACGAATATT
TACATTAATTACATTCTTTATAGTTATAATGTATAT TACATATGAGACCATGGGETICA
TCTGATTAGGICTGCCCARTTTAGCCTACCTGCTIRCTTTGEETCACTTGCTITIGITA
TTTTTTTICTGIEARGCTGARGECCGEGCCACTEARCECTGTARCTTAACCTTRCEGGCT
TCCTTACAGATARCATRTATGTCACTACTGTEATGATCATTCARATTGI TTTTCAGGRAC
TTGGEECAGCTCCTGCCTAGT TCARACCAGT TGAGACCETGAGCTTTCARGTAGGCTIGT

TGGCCTTTTGACATCAGAGGCCCCARGCRACACCCTCAGATCACGE
TARGGCTGICATTTITTGAACATGTGCCCTETGARGTECCACGAACCCTRACTATGRITG
CAGTGATCACHGACTGCCTCATITTCCCCACTRCCAATCACCTTTGCCCATACCTTACA
ceacceTEirTeTCTCACCRETHARTATCCCTARGACTTATCT TTGGGEAGGAAGATTTG
AGAGCTGITCICCTGCCTCCICACTGEECTEECTTEBRAATARATCTITICTICTTTIRC

aaaacctgtcacagtgatggatttatggcatgegggcagaatgaacctgt. vewa .

Fig. 3. Shows the complete transcript with exons, U TR and frameshift mutations

CITTGAIGG.(_SCCCICMTE;I%ACCE

CCBCATCCACTTCCCRCTGE

CEARCAGCTCICTGTGGCBGACAT

ctcaaccgcctcatcagtcagattgtgtoctcaatcactgottctetoog

GAGTTCCAGRCCARCCTGETGCCCIACCE

CCTARGCECCCATCATCTCTGCEGAGARAGCETATER

TCETGCTITGAEE GCCAGATGET

GRAETGEGA! TGECARGTACATGECCTGETGEATGCTETACCGEEGEEAEET
TECCCARGEATGTGAMTGTEGCTATTGCTGCCAT CAR TCCAGTT
TAGACTEETGTCCCACAGECTTCAAG

gtgagagctgatgacttaggaaggg..---. - .- - .CLCCtoCctotttotgtgtocctoag

GTGGGCANEYETACCAGCCCCCEACEETGEMC CER! GACCTGGCCARGETGCAG

CGBGECCEICTGCATGCTCAGCAACACCACGECCATIG CTEGECCCEECTEGAT

CACAAETTEGACCTCATGTAEECCARMECEEGCCTTIGTGCATTG

gLatgtgggagegyggatggaagad . s s e e s gttgtgoccaatattgtoctitacag

CCARAGGATCCAGETGGEEATCTCCTGTTCATCTATGACETCTTIGEIEI CTGCCASTCT
GEAGCCEITCCTCARAGCTGTCTTTGATTTTCATGRATCETTTGARGATGGCAGACCAGT
TGATCTGCAGARTGCECCTCGATTTGEGTIGGCCAGGACCEGEET CCTGEEGARGGEETT
CCGGTTACTGACCTTCGNEGGEARCAGCACAGARGTGATACCECGCTGECTCCACTCTGT
CCTCTGEIGGERAEGCAAT TCCAGTGTTCCCEGCACTGATGACT TTCTIGTACEGARTATT
TACATTAATTACATICTTTATAGTTATAATGTARTATTACATATGAGACCATGGGGTICA
TCTGATTAGGTCTGCCCRATTTAGCCTIGECCTGCTIBCITTGEGTCACTTGCTITTGITA
TTTTTTTTCTGTEARGCTGARGGCCGEGCCACT CTGTAACTTARCCTTHECESGCT
TCCTTACAGATAACATETATGTCACTACTGTEATGATCGTTCABATTGTTTTICAGGAAC
TTGGGECAGCTCCTGECCTAGT TCARACCAGT TGAGACCETGAGCT TTCARGTRGGCTTGT

TGGCCTTTTGACATCAGAGGCCCCARGCEACACCCTCAGATCACGET
TAAGGCTGTCATTTTTTGAACATGTGCCCTRTGRAGTGCCACGAACCCTRACTATGRTTG
CAGTGETCACEGACTGCCTCATTTTCCECCACTGCCAATCACCTITGCCCATACCTTACA
CCACCCTEBTTCTCTCACCEGTEAATATCCCTARGACTTATCT TTGGEEAGEAAGATITG
AGAGCTGITCICCTECCTCCTCACTGEGCTGECT TEEBARTARATCTITTCICTITIEC

AAAACCTOLCACAtgatgJgatttAtggcatgCOUgCagaatdaaCotIT . s aa s e«

Fig. 4. Shows the clear view of coding regions with 3J'UTR



3.5 Gene Variants

Variant analysis shown 276 reported variants for
TUBAS8 gene. Out of which few are given below.
The results show all codons covering and their
potential residues. This will help to study their
evolutionary relationships. All variants have
different variant Id’s indicating different codons
which have been changed due to missense or
nonsense mutations.

3.6 Protein Domains

All proteins are comprised of some functional
conserved parts or regions which can fold
independently. Domain analysis shown the
detailed signatures of alpha tubulin protein
family. Results are shown in Fig. 6.

Studies shown different expression levels of
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expression levels can be checked by techniques
like microarray, RNA sequencing and SAGE. The
results obtained from gene cards human gene
database are shown in Fig. 7.

4. DISCUSSION

Tubulin belongs to a family of globular gene and
member of protein superfamily. Microtubule
structure of these genes help to control the
cellular movement. They are categorized into
multiple classes. But the two most common are
alpha and beta tubulins. a- and B-tubulins
polymerize into microtubules which are  major
components of the eukaryotic cytoskeleton. They
are also involved in division processes.
According to previous studies, six alpha tubulin
(TUA) genes from Arabidopsis and five TUA
genes from cotton were reported with somewhat

tubulin alpha 8 gene in human tissues. Different  similar function. The functional analysis of these
Residue . Variation 1D Type Evidence Alleles Ambig. Residues Codons SIFT PolyPhen
code
3 13193124477 Synonymous variant i[E_: &8 cm Y D GAC, GAT
4 5185024084 Missense variant A E_}‘: T Y GIA R G.R GGG, AGG [ 0.01 ] 0.985
4 rs766440703 Synonymous variant f_& GiA R G GGG, GGA -
5 (754011193 | Missense variant & 6T K AS GCC, TCC 0,06 ]
T 5755134046 Missense variant = AC M N T AAT, ACT [ 0 ]
8 5145621219 Missense variant wDHE e GIA R V.M GTG, ATG [ 0 ]
&
8 5761418447 Synonymous variant E_é GIA R v GIG, GTA
9 5757012050 Missense variant £ GIA R DN GAC, AAC [ 0.01 ]
1" 15765400078 | Frameshit variant 42} E_z CTi- TX ACT, A =
18 15781037898 Missense variant E_a GICIT B V.L GTG, CTG [0 ]
18 COSM4624570 | Coding sequence variant - COSMIC_M... -
20 15769194966 Missense variant f_& TiIG K Y.D TAG, GAC [ 0 ]
20 COSMAT765069 | Coding sequence variant T COSMIC_M =
21 15779563209 Missense variant 5% (¥ L PL CCC, CTC [ 0 ]
2 5748797090 Missense variant = CIGIT B R G CGC, GGC [ o ]

Fig. 5. Shows the genetic variants of TUBA8 gene

@ 1PRO00217 Tubulin
e — » PRO1161 (TUBULIN)
» PTHR113588
@ 1Pro02452  Alpha tubulin
— o { ] (==} 0 e ) [ e O { e | » PRO1162 (ALPHATUBLLIN}

B 1PRO03008 Tubulin/FtsZ, GTPase domain

» PFOD0S (Tubuin)
» SSF52430

> SMO0B64 (Tubulin)

> GIDEA:3.40.50..

B 1PRO0E280 Tubulin/FtsZ, C-terminal

[ 1PRO18316 Tubulin/FtsZ, 2-layer sandwich domain

@ 1prO23123  Tubulin, C-terminal

@ 1pro17975  Tubulin, conserved site

Fig. 6. Shows the protein domains and signature obt

> S5F55307

¥ SMOOBES (Tubulin_C)

» BF02953 (Tubuin €}
> GI0SA:3.30.13...

> GIDSA:1.10.28..,

ained through InterPro analysis software
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Fig. 7. Shows the different expression levels of TU

genes deduced amino acid sequence, with some
gene duplication events, translocations and
chromosomal rearrangements. Some of the TUA
genes are found to be rich with similar
characteristics  performing  various  similar
functions. Analysis of these genes through
bioinformatics software’s shown results with
similar gene structure and high level of sequence
identity [11]. Similarly, in case of plants, it was
difficult to balance these TUA genes with other
TUB genes within the cytoplasm to tolerate large
imbalances in the ratio of TUA to TUB within the
cytoplasm. Also, in maize, the regeneration event
in plants stops if a single tubulin gene was
transformed and overexpressed [12,13].

In cotton, a-tubulin transcripts in fibers were
found in much higher levels in other tissues
reflecting the rapid cell elongation occurring in
developing fibers. The higher levels are known to
be consistent with abundance of tubulin proteins
[14]. Studies suggested the characterization of
fiber a-tubulin promoters may be a useful to
study the tubulin expression levels. Many gene
specific differences in transcript accumulation in
developing fibers was observed. Transcripts of
several genes have been shown to accumulate
at high levels. Studies proposed that transcripts
of another a-tubulin gene shown rapid expansion
and declined during the onset of secondary wall
synthesis [15].

Studies shown multiple copies of the a-tubulin
genes in the human and rodent genomes exits.
Alpha tubulin genes are commonly involved in
formation of microtubules with beta tubulin and
functions in processes like cellular movement
and cell division. Studies about copy number

BA8 gene obtained from Gene cards

variation of alpha tubulin in other organisms
revealed many contrasting patterns which
highlighted this gene to be studied in bdelloids
[16]. Similarly, in many animals, it was found in
low copy number and highly conserved. With this
function, it can be used as a marker for
phylogenetic relationships [17]. However, the
different roles of microtubules have are important
to study the functional divergence in many cases.
Four distinct copies are found in Drosophila
melanogaster and expressed in different tissues
[18,19]. The selected gene was matched in
HUGO nomenclature which assigns a unique
number to each human gene. However,
previously it was not known about the alpha
tubulin gene in its nomenclature. The transcript
comparison of TUBA8 gene, when viewed | n
Ensemble Gene View, identifies that there were
3 exons, 14 conserved domain and 169 genetic
variants present in this gene. The first exon of
the TUBA8 genes contains only untranslated
region (UTR) sequences. Similarly, various
protein signature were found to be associated
with this alpha tubulin gene. The results were
obtained from InterPro domain analysis software.

5. CONCLUSION

Transcripts of the a-tubulin gene mostly appear
to accumulate in rapidly elongating tissues. The
analysis of tubulin protein will help to identify the
conserved domains and also to predict the 3D
structure of protein. Sequence analysis depicts
various sequence variations in different tubulin
protein families. Also, this will lead to inner
insights of particular functions in cellular
movements and interactions. Moreover, the
intracellular reactions, cellular junctions, gene



expression studies and genetic variations can be
well studied to overcome multiple disease related
problems.
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