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ABSTRACT

In the present study, comparative genome analysis of Hepatitis B and C is done. The similarity and conservation of sequences were
analyzed at the genome level by In silico approaches. The study revealed that both the sequences have identical conservation at the
sequence level with each other. Both the genomes contain same numbers of the genes and sizes of the genes are almost similar. Most
of the sequence patterns of both strains are identical. Thus, although the viruses possessed different size of the genome and slightly
different positions and numbers of repeats, they were containing almost similar information at the genome level. Also, it may be
possible that hepatitis C has added some genetic information to its viral genome and it may be evolved from hepatitis B.
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INTRODUCTION

Genome analysis entails the prediction of genes in
uncharacterized genomic sequences. The objective is to
be able to take a newly sequenced uncharacterized
genome and break it up into introns, exons, repetitive
DNA sequences, transposons etc. and other elements.
Several genetic disorders like Huntington's disease,
Parkinson’s disease, sickle cell anemia etc. are caused due
to mutations in the genes or a set of genes inherited from
one generation to another. There is a need to understand
the cause for such disorders. An understanding of the
genome organization can lead to concomitant progresses
in drug target identification. Comparative genomics has
become a very important emerging branch with
tremendous scope, for the above mentioned reasons. If
the genome for humans and a pathogen, a virus causing
harm is identified, comparative genomics can predict
possible drug targets for the invader without causing side
effects to humans'. Comparative genomics is an exciting
new field of biological research in which the genome
sequences of different species of human, mouse and a
wide variety of other organisms from vyeast to
chimpanzees are compared. By comparing the finished
reference sequence of the human genome with genomes
of other organisms, researchers can identify regions of
similarity and difference. This information can help
scientists better understand the structure and function of
human genes and thereby develop new strategies to
combat human disease. Comparative genomics also
provides a powerful tool for studying evolutionary
changes among organisms, helping to identify genes that
are conserved among species, as well as genes that give
each organism its unique characteristics’.

The main objectives of the present study were to find out
the sequence similarity and sequence conservation
between Hepatitis B and C.

MATERIALS AND METHODS

Sequence retrieval The genomic sequences of hepatitis B
and hepatitis C were retrieved from the “National Centre
for Biotechnology Information”, (NCBI)
(http://www.ncbi.nIm.nih.gov), genome database using
hepatitis B and hepatitis C as keywords in the fasta file
format. There accession i.d.,, are NC 003977 and
NC_004102 respectively. Sequence of Hepatitis B virus is
complete genome sequence, dsDNA; circular; having
length of 3,215 nucleotides and its replicon type is viral
segment. Sequence of Hepatitis C virus is complete
genome sequence, ssRNA; linear; having length of 9,646
nucleotides and its replicon type is viral segment.

Sequence alignment

Pairwise sequence alignment of Hepatitis B and Hepatitis
C genomic sequences was done using ClustalW?.

Genes and proteins prediction

Genes were predicted in both hepatitis B and hepatitis C
using FGENESV tool
(http://linux1.softberry.com/berry.phtml).  Hypothetical
proteins coded by these genes were also predicted in
both hepatitis B and hepatitis C using same tool.

Tandem repeats identification

Tandem repeats were identified within the genomic
sequences of hepatitis B and hepatitis C with the help of
Tandem Repeat Finder tool”.

Pattern identification

Conserve sequences or patterns were predicted in the
hypothetical proteins of both hepatitis B and hepatitis C
by using PROSCAN tool
(http://npsapbil.ibcp.fr/cgibin/npsa_automat), and Pfam
Search tool (http://pfam.sanger.ac.uk/search).
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Comparative analysis clearly seen that there is very large difference in the size
of the genomic sequences of the two most pathogenic
strains of hepatitis i.e. Hepatitis B and Hepatitis C.
Hepatitis B was completely aligned up to its whole length
with a region of hepatitis C (Fig. 1), with good amount of
sequence similarity and it was seen as conserve region in
the two genome”®.

In the final step of this work, all the results obtained by
above mentioned tools and steps, for hepatitis B and
hepatitis C were compared to each other.

RESULTS AND DISCUSSION

Pairwise sequence alignment of Hepatitis B and Hepatitis
C genomic sequences was done using ClustalW. It was

Figure 1: Pairwaise sequence alignment of Hepatitis B and Hepatitis C genomes showing sequence similarity between
nucleotide position 29 — 3215 and 2200 — 5697 of Hepatitis B and Hepatitis C respectively.

i1 21326589IEANG_00397 7. 11/1-3215 1 - - ... .... . CTCEBACAACATTECA - -CEAAGBCTGCTGE----------TAGATECCAGAG TG - - AGGGG 45
1221 29792|mANC_00F102.1/1-9646 2188 GG CACTATCCT TG TACCATCAAT TACACCATATTCAAAG TCAGEATE TACG TCECEAGGEETCOAGCACASG CTEGAAGCEE 2268
1213 26584|mANG_ 003977, 11r1-3215 96 CCTATATTTTCCTBCTBGTGG- - -------- - CTCCAGTTCCGBGAACAG- - - TAAACCCTETTC - ceACTACTGCETCABS 111
1221 29792|mANC_004102.1|/1-9646 2260 CCTGCAACTGGACGCGEGGCBAACGC TG TGATETGGAAGACAGBGGACAGG TCCGAGETECABCCEATTGETGCTGTCCACCA 2340

i1 21326584|mANGC_003577.1)/1-3215 112 CATATCG TOAA- TOTTCTCGABGACTGGGGACC O TG CACCGAACATEGAGAGOCA - CAACATCAGGATTCCTAGBACCCE TG 190
221 29792|mfINC_004102.1)/1-9646 2350 CACAG TGGCAGG TCCTTCEG TETTET T TCACGACCCTGCCAGCE T TG TCCACCGGECTEATCCACCTCEACCAGAACAT TG 2430

©i121326584|eNNG_003977 1141-3295 191 GTGG TG TTACAGGGCGGGGTTTTTCGTTG TTEACAAGAATG - GTCAGAATAGCEACAGAGBTCTAGACTEGTGETGGAGTTGTGT 270
©i122129792|mANC_00F102.1/1-9646 2431 TGGACE T - GCAGTACT TG TACGGGG TAGGE TCAAGCATCGEG TCCTEGGCCAT TAAGTEEGAGTACGETCETTCTCCTETTC 2510

©i|21326084|eNC_003977.11-3215 271 CAATTTTETAGGGGGABCACCCACE TG - TECTGGCCAAAAT TCOGCAGTCCCECAACCTCCAATCACTCACCAACCTCTTE T - 349
12212979 2|mANC_004102.1)71-9646 2611 CT - CCTGET TGCAGACGBCGECGCG TC TG CTECTGC TTGTGGATGATGE T TACTECATATCCCAAGCGGAGGCGGCT T TGGAGAA 26590

i1 21326584|mANG_003577.1)/1-3215 350 CCTOCCAACT TG TCOTGBC . - TATCG O TGGATE TG TOTGOGGCGTTTTATCATATTCETCTTCATCETGCTGCTATGCCTOA 428
221 29792|mfINC_004102.1)/1-9646 2501 CCTCG TAATACTCAATGCAGCATCECCTGGCCGGBAL - BCACGETCTTGTGTCCTTEETEGT -G TTETTETGET TTGCG TGG 2669

i1 21326589|eANG_003977.1)/1-3215 428 TCTTC- - - - - -TTBTTEG TTCTTETEGACTACEAAGGE TATG TTGECCEBTT - TETEETETACT TECAGGAACATCAAG - - TA 500
©i122129792|mNG_004102 11/1-9646 2670 TATCTGAAGGG TAGG TEGGTGCCEGGAGEGG TETAGCGECCTTCTAGGGGATGTGGEETGTCETCETGCTGCTGETGG GG TTG 2750

©i121326584|eNC_003977.11/1-3215 501 CCAGCACEGGACCATECA - - GAACCTECACGATTECTGCTCAAGGAACCTETATETTTCCCTOTTETTSC TG TACAAAACE 570
©i122129792|efNC_004102.1/1-9646 2751 CCTCAGCEGGCATACGCACTGCACACECAGG TEEGCCGCE TEE TE TG CEGCE TTETTCTTEG TCEGETTAATG -3 CGCTeAGC 2830

i1 21326584|mANC_003977.1171-32156 680 TTCBGACGG AARMC TG CACT TG TATTCC CATCCCAT - CATCCTEGGGCTTTCGCAAGATTCCTATGGBAGTGBGCCTCAGTEC 650
i 22125792|mANG_004102.1)/1-9646 2831 TCTGTOGCOATAT TACAAGCGCTACATCAGOTGG TGCATG TGGTGGOTTCAGTATTTTCTGACCAGAG TAGAAGCGCAADT 2311

i 21326589|efANG_003977.1)/1-3215 660 B TTTCTCC TGGCTCAG T TTACTAG TG CEAT T TG T TCAG TG TTCB TABGGC T T TCCECEACTETTTGGCTTTEAGETATAT 7a0
i 2212979 2|eANG_004102 11/1-9645 28912 GCACG TG TGEB8 TTECCCCEC TCAACGTE - CGGBEGEGGBCECEATECCB TCATCTTAGBTEA - TETETETTETABACECSACT 2890

©i121326584|mANC_003977.1/1-3215 741 GGATGATE TEC TATTGGGGGCCAAGTC TG TACAACATCTTGAGTCCETTTTTACCTETATTA - CCAATTTTETT - - - - TTG 818
1221 29792|mANC_00F102.1/1-9646 2091 CTEG TATTTEACATCACCAAACTACTECTEGGE - - CATETTCEEACCECTTTEGATTET TCAAGCCAGTTTGCTTAAAGTCC 3069
i1 21326584|mANC_003977.1)71-3246 817 TET - TTGGG TATACATTTGAACCETAAT - - AAAACCAAACGTTGGGBETAC - - - TCCETTAACTTCATGGGATATG TAATT =01

i 22129792|mANG_004102.1)/1-9646 3070 CETACTTCGTGOG OGTTCAAGGCETTCTCOGGATOTGOGCGCTAGCGOGGAAGATAGOCCGGAGGTOATT - - ACG TG CAAAT 3148
i 21326584|mfINC_003977.1)/1-3215 BIZ BG - - - - - - - - AAG T TGBGG TACT T TACCGCAGGAACATAT - TETACAAAAACTCAAGCAATG TTTTCGAAAATTECE TG TA 963

221 29792|efANG_004102.1)/1-9646 31480 GG CCATCATCAAG T TAGGGGCGCTTAC TG - - - GCACCTATG TG TATAACCATCTCACE - -CCTCTTEGAGACTGEGGCG CAC 3224
©i|21326584|ENNG_003977 1141-3215 964 AATAGAGCTATTGAT TGGAAAGBTATG TCAAAGAATTGTGGGTCETTTTGGGGCTTTEGCTGEE- - -GCTTTTAGACAATG TEG G 1041

©i122129792|mANC_00F102.1/1-9646 3225 AACGECEC TG CEAGATC TGGCCETEGC TG TEGAACCAGTCETCTTCTCCCGAATEEAGACCAAGCETCATCACG TEGGGGGE CA 3305

©i121326584|eNC_003977.11/1-3215 1092 TATCCTBECTTE - - - - ATGCETTTATA- - - - - - - TGCATETATACAATCTAAG - - - - CABGBCTTTCACTTTCTCGCCAACT 1107
1221 29792|mANC_004102.1|/1-9646 3306 GATACCGBCCGCEB TG CGG TEACATCATCAACGGC T TGCCCEGTCTCTGCCCG TAGGGGCCABGAGATACTGCTTGGGCCAGCC 326

i1 21326584|mANC_003577.1)/1-3215 1108 TAGC - - AAGGCCT T TE TG TG TAAACAATATCTAAAGCCTTTAGCCCCGTTGOCECGGE - AACGBTOAGBTCTETGCOAAGTGTTT 1185
221 29792|mfINC_004102.1)/1-9646 3387 GACGGAATGG TCTCCAAGGGG TGGAGG TTGCTGGCGCCCATCACGGCG TACGCECCAGCABACGABAGGEC TCETAGGG TG T 3467

i 21326684|=NG_003977 11/1-3215 1186 GC TG ACGCAACCCCCACGEE TTEEEBGETTEGCEATAGECCATCEBGCECATE G TEGAACC T TTEGTEEGETCETETGCEGATE 1266
©i122129792|mNG_004102 11/1-9646 3458 ATAATEAGCAGGGE TGAGTEGCCGG6ACAAAAAGGCAAGTCGGAGGEE TGAGG TCOAGATEGTETCAAGCTGEETAGCEAAAGC T TG 3548

©i121326584|eNC_003977.1/1-3215 1267 CATACTGCGGAACTCCTAGCABCTTBTT - - - TTECTCGCAGCCOG TETEGAGCEAAACTTATCEGAACCGACAAC TCAGTT 13449
1221 29792|mANC_004102.1)71-9646 3649 CTGGCAACG TGCATCAATEGGE TATGC TGGACTG TCTACCACGGGGCCEGAACGAGGACCATCGCATE - - - - - ACCCAAGG 3624
i1 21326584|mANG_003577.1)/1-3215 1345 GTOOTGCTC - - TOGGAAATACACCTCOTT. - - TECATGGOTGCTAGGC TG TGO TGOCAACT - -GGATCOTEGOGEGG - GACG T 1417

@i 2212979 2|mANC_004102.1)/1-9646 3625 G TOOCTG TOATCOAGATG TATACCAATG TGGACCAAGACCT TG TGGGOTGGCOCGETOCTOAAGGTTCOCGOTEAT TGACAGC 3705

i1 21326584|eANG_003977.1)/1-3215 1418 CET T TG TETAEG TECEG TEBGCGET - - - - - - - - - - - -GAATCECCGEGBGACGAC- - - -CEGBTCT-----EBBGGG- - - - - - - - 1489
gi122129792|mNG_004102 11/1-9646 3706 GETGCAGCGTGEGG G TECTEGE6ACETTTAGGTGG TCACGBAGG CAGGECGATE TEATTCEEETGCGCCGGE6AGE TGATAGGCA 3786

©i121326584|mANC_0039F7. 1/1-3295 1470 - - - - - - - - CCETTTGGGCCTETACE -6 TCCCGTTETTCATCTECCG TTOCEGCCEACCACGGG - SGCGCACCTETCTTTACSE 1540
©i122129792|efNC_004102.1/1-9646 3787 GGGG TAGCCTECTTTCECCCCGGCECATTTCCTACT TGAAAGBCTCCTCGGEGEE TECEC TG TTETECCCCGCEGGACACE 3867

i1 21326584|mANC_003977.1)41-32156 1641 CGBTCTCECCGTC TG TBCETTET - - - - - CATCTBCCBGACCET- -G TBCACTTCGETTCACCTCTGCACGTAGCATGGAGA 1614
i 22129792|mANG_004102.1)/1-9646 3866 CCBTGGGOOTATTCAGGBGECCGOGG TG TGOACCCG TGGAGTGGOTAAGGOGGTGGACTTTATCCCTETGGAGAADC TAGAGA 3045

i1 21326584|eANG_003977.1)/1-3215 1615 CCACCG TGAACGCCCACCABG TETTGCCEAAGG TET - TACACAAG - AGGACTETTEGACTCTEAG - - - - - CAATG TCcAACSE 1888
i 2212979 2|eANG_004102 11/1-9645 3949 CAACCATEBAGCATCCECEG TE TTCACGG ABAACTCETCTCCACCAGCAG TGECCECABAGET TCCASBE TGS CECAGCC TG CATE 4029

©i121326584|mANC_003977. 1/1-3215 1689 - - - - - ACCGACCT TEAGGCATACTTCAAAGACT -ETTTETTTA- - - - - - - - AAGACTCGCAGGAGTTEG GGG AGGAG - - - - 1751
©i122129792|efNC_004102.1/1-9646 4030 CTCCCACCGGCAGCEG TAAGAGCACCAAGE TCCCBGCTECG TACGCAGCCCAGEECTACAAGG TETTES TECTCAACCCCT 4110

i1 21326684|mANC_003977.11/1-3215 1752 - - ATTAGGTTAA- - - - AGGTCTTTETACTAGGAGBC TG TAGGEATA- - - AATTGGTETGTTCACCAGCACCATEBC - - - - AA 1810
i 22125792|mANG_004102.1)/1-9646 4111 CTGTTGC TG CAACGCTGBGC TTTGB TG CTTACATG TCOAAGGOCCATGGGGTTGATOCTAATATCAGGACCGGEG TGAGAA 3191

i1 21326584|eANG_003977.1)/1-3215 1820 ETTTTTEECET - - CTGCETAATCATCTCATG TTEATG TCCTACTG TTEAAGCETCEAAGC TG TGECTTEGG TEGGC TTTGGG 1898
©i122129792|mNG_004102 11/1-9646 4192 GAAT TAGGAGTGG CAGGECCATEAGCG TACTCCAGGTAGCGGGEAAGTTCETTEGGEGAGCGGCGGGTEETCAGBGAGETGCTTATE 4272

©i121326584|mANC_003977. 11/1-3215 1999 GCATGGACAT TGACCCE TATAAAGAAT TTEGAGC TTCTGTEGAGTTACTCTETTTTTTECETTETE -ACGTTCTTTCCTTCT 1978

©i122129792|efNC_00F102.11-9646 4273 ACATAATAATT - - - - - - TETGACGAG - - TECCACTCCACGEGATBCCACATCECATCTTGEGCATCEGBCACTETCCT TGACCA 4348
i1 21326584|mANG_003577.1)/1-3215 1979 ATTOCGAGATCTOCT - - - COACACCBCCTCTGCTO TG TATCGGGAGG OO TTAGAGTETCCGGAACATTGTTO - ACC TCAGCCA 2055
@221 29792|mANC_004102.1)/1-9646 43456 AGCAGAGACTGOGGGGGCGAGACTEG TTGTGCTOGOCCACTGCTACCOCTCCGGG - CTOCGTCACTGTGTCOCATO O TAACA 4425

i 21326684|=NG_003977 11/1-3215 2058 TAGAGCWA - - - - - ETEABGE- - - - - - - - ARBCTAT TETE TG TTECEE TCAGTTGATEAATET - - -8B CCACETEBG TEEBAA 2120
©i122129792|mNG_004102 11/1-9646 4926 TCGAGGAGG TTGETE TG TECAGCAGGCGGABAGATCECTTTTTAGCGGCAAGGCTATCCCCETCGAGETGATEAAGGGGGG6AA 4506

©i121326084|eNC_003977. 1/1-3215 2121 B TAATT TGGAAGACCCAGCATCCAGGEAATTAGST - - - - - - ABTCAGCTATE TCAATETTAATAT -BGGCCTAAAAAT - - TA 2192
12212979 2|mANC_00F102.1)71-9646 A507 GACATCTC - ATCTTETGCCAC TCAAAGAAGAAG TGCGACGAGC TCGCCGCGAAGC TEGTCGCAT TEGGCATCAATGCCG TG 4586

i 21326584|mANG_003577.1)/1-3215 2183 GACAACTAT TG TG TTTC- ACATTTOC TG EOC TTAGTTT TG G AABAGAAACTETCCTTBAGT - ATTTEGTETOTTTTGGAG T 2271
221 29792|mfINC_004102.1)/1-9646 4587 GCCTAC TACCGCGG TCTTGACG TG TE TG TEATCCCGACCAGCGBCGATEG TTETEG TCETETCGACCBATEGCTCTCATGACT 4667

i 21326684|eNG_003977 11/1-32156 2272 G TG AT TEGCAGBTCETCECEETT- - - - ACABAECACCAAATECCCCETATETTA- - - - - TEAACACT - - TECGGAAACTACT 2341
©i122129792|mNC_00F102.1/1-9646 4868 GG CT T TAGCCGGCGACT TCGACTCTE TEATAGACTGCAACACE TG TETCACTCAGACAGTEGATTTCAGCETTEACCCTACGC 4748

121326089 IeNNC_003977. 1/1-3215 2392 ¢ T TG TTAG - ACGACGAGGCAGG TCCCC TABAAGAAGAACTEEG- - - -BTE------------ GCETCOCAGBACBGAAGSTC - 2903
1221 29792|mANC_004102.1|/1-89646 4740 TTTACCATTGAGBACAACCACBCTCCCCCAGGATGCTGTCTECAGGACTCAACGCCGGGGCAGBACTGEGCAGGGEGAAGCCA 4820

i1 21326584|mAINGC_003577.1)/1-3245 2404 - - - - TOAATCBCCGCGTCGOA- - - BAAGATOTOAATCTOGGGAATCTOAAT . -GTTABTATCOCTTGGACTC - ATAAGSE TG 2474
221 29792|mfINC_004102.1)/1-9646 4830 GGCATC TACAGAT TTE TGGCACCGEBGGGAGEGECCCTCCGGCATGTTEGACTCGETCCBTCC TETGTEGAG TG ETATGACGCE 4910

©i121326584|eNNG_003977 11/1-3215 2475 GG - - AAAGTTTAGC - TEGGETTTATTGTTET - - -AGTGTAGCGT-GTETTTAATGCTGATTEGCAAAAGTEGCTCETTTGE - - - 2545
gi122129792|mNC_00F102.1/1-9646 4911 GECTGTECTTEG TATEAGC TCACGCOCGCCGAGACTACAG T TAGGCTACGAGCG TACATEAACACCCCSGGGCTTCOCS TG 4991

i121326584|mANC_003977. 1)/1-3216 2646 - - - - - - - - TEACATTCAT T TACAGGAGGACAT TAT TAATAGATG TCAACAATATG TGGGECCTCTGACAG T TAATGAAAAA 2618
1221 29792|mANC_004102.1|/1-9646 4002 TG CCAGGACCATCTTGAAT T TTGGBAGGGCGTCTTTA- COGGCCTEACTCATATAGATGECCACTTTETATCC - CAGACAA S070

i 21326584|mfNGC_003977.1)/1-3215 2619 AGGAGA T TAAAAT TAAT TATGEC TG CTAGE T TCTATCETAACE T TACCAAATATTTGCCET TEGACA - AAGGCAT TAAACC 2698
221 29792|eANG_004102.1)/1-9646 5071 AGCAGAG TGGGGAGAACTTTCETTACC TEGTAGCG TABCAAGEC - - - - - ACCG TG TEGCGETAGGGCTCAAGCECCTCCCEE 5148

©i121326584|eNG_003977 1141-3215 2699 GT - ATTATGCETGCAATATGCAGTTAATCATT - - AGTTCAAAAGCTAGGCATTAT - - - - TTAGATAGTCTG TGGAAGGCTGE CA 2772
©i122129792|mANC_00F102.1/1-9646 5147 ATCG TEGGACCAGATE TEGCAAGTE TTTGATCCECCT TAAACCCACCETCCATGEGGCCAACACCECTGCTATACAGACTEGE 5227

i1 21326584|mANC_003977.11/1-32156 2773 TTETATATAAGAGAGAAACTACACGCAGCGCETCATTTTGTGGG TCACCATATTETTGGGAACAABAGC TACABCATGGGA 2863
i 22129792|mANG_004102.1)/1-9646 5228 CGOTGT - TOCAGAATGAAGTOAG - - - - - - - - CCTGACGCACCCAATCACCAAATACATCATGACATGCATGTCGEO - COACC 5298

i 21326584|mfINC_003977.1)/1-3215 2854 GG T TGG TC T TECAAACCTCGACAAGEBCATEGGGACGAATCT TTETGE TTCCEAATCCTETGBGATTCTTTCCCGAT CACCAG 2934

221 29792|eANG_004102.1)/1-9646 5200 TGGAGG TCG TEACGAGCACC TGGG TEETCBTTEGGEGG - - CGTCETGGCTGETCTGGCEGCE TATTGCC TG TEAACAGGE TG 5377
©i121326584|mNC_003977. 11/1-3215 2035 T - TEGACCCTECE TTEGGAGCCAACT CAAACAATCCAGATTEEGACTTCAACCGC - - CAACAAGEATCACTGGCCAGAGS CA 3012
©i122129792|mANC_00F102.1/1-9646 5378 CEC TG TCATAG TEGGCAGGATTGTETTGTCOGEG - - AAGCCEECAATTATACCTEACAGGECAGE TTCTETACCAGGAG T TC 5456
i1 21326584|mANC_003977.11/1-3215 3013 AATCAGG TAGGAGCGEGE - - - - - AGCATTTG - -BTCCAGGGTTEACCCCACCA. - - - CACGBAGGCCTTTTGGGG TGGAGCE 3082

i 22125792|mANG_004102.1)/1-9646 5457 GATGCAGATGCGAAGAG TG CTC TOAGCACTTACCGTACATOGAGCAAGGGATGCATGCTOGETOAGCAGTTCAAGCAGAAGSECE 5537

i1 21326584|eANG_003977.1)/1-3215 3083 CTCAGGETC - - - - AGGGCATAT TG - ACAACACTECCAGCAGECACCETEETCETGCETCCACCAATCEGGEAG - - - - TCAGSB A - 3153
i 2212979 2|efNG_004102 11/1-9645 5538 CTEGGCETCCTECAGACEECE TCCCGECAAGEABACGE TTATEACE - CETGETEGTECAGACCAACTEGEABSAAACTCGABSG T 56817

©i121326589IeANG_003977.11/1-3215 2154 - - - - - AGACAGCC TACTCCCATCTC TCCACETE TAAGAGACAG TCATCCTEAGGCEATGCAGTEGGAA - - - - - - - - - - - - - - 3218
©i122129792|efNC_004102.11-9646 5618 CTTCTGB G CGAAG CACATE TGCAATTTCATCAG TEGEATACAATACT TCGGCEGECC TG TCAACBCTGCCTGG TAACCCCG C 5698
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Table 1: Representing Genes and Hypothetical Proteins

N IE | | Start | End | Score | Protein length
Hepatitis B

1 + CDS 155 835 3243 226 a.a.

2 + CDS 421 1623 2510 400 a.a.

3 + CDS 1374 1838 924 154 a.a.

4 + CDS 1814 2452 1408 212 a.a.

5 + CDS 2446 2604 378 52 aa.
Hepatitis C

N S Start End Score Protein length
1 + CDS 342 9377 6813 3011 a.a.

2 - CDS 5477 5998 168 173 aa.

3 - CDS 6641 7063 261 140 aa.

4 + CDS 7276 7680 121 134 aa.

5 - CDS 9356 9604 129 82 aa.

Total five genes and five related hypothetical proteins
were predicted in the each of the two hepatitis strains
(Table 1 A and B). It was revealed from the tables that
genes present in hepatitis B were only present on +
strand. While in hepatitis C genes 1% and 4™ were present
on + strand and genes 2", 3rd and 5" were present on —
strand. Also genes were varying in lengths but only one
gene in each of the strain was having larger size than
others (i.e. gene 2" in hepatitis B and gene 1st in
hepatitis C) and all other genes in hepatitis B and
hepatitis C were of similar sizes’.

One tandem repeat was found in the genome of the
hepatitis B, while 6 repeats were found in the genome of
hepatitis C (Table 2).

Table 2: Tandem repeats/Patterns found in hepatitis B
and C

Consensus pattern

Size Pattern

Hepatitis B 12bp. | AGGTCTTACACA

Hepatitis C 24bp. [TTTTTTTTTITTTTTTTTCCTTC
1bp. T

7bp. TTTTTTC

22bp. TTTTTTTTTTTTTICTTTCCTTC

21bp. TTTTTTCCTTTCTTTTCCTTC

45bp. TTTTTTTTTTTTTTITTITTITICTTTICCTTTITTTTT
CCTTTCTTTCCC

Repeats obtained in hepatitis B and hepatitis C, were
totally different in the size as well as in the patterns.
Some of the repeats were too short as having only one
base pair and some of them were too large having size of
45 base pairs. As Prosite and Pfam databases are based
on the patterns of protein sequences, hypothetical
proteins were submitted to prosite and Pfam database as
query sequences. On submission of the hypothetical
protein sequences of hepatitis B to the prosite database,
different regular expressions were obtained as outputs
(Table 3 A) which were differing in sizes as well as in the
patterns. In protein 1st four patterns were identified. In
protein 2" six patterns were identified. In protein 3 and

4" three patterns in each, were identified and in protein
5" no pattern was identified.

On submission of the hypothetical protein sequences of
hepatitis C to the prosite database, different regular
expressions were obtained as outputs (Table 3 B) which
differ in sizes as well as in the patterns. In protein 1st nine
patterns were identified. In protein 2", 3 and 4™ four
patterns in each, were identified and in protein 5th two
patterns were identified. It was clearly seen that in
patterns generated in the case of hepatitis C (total 23)
were more in humbers than hepatitis B (total 16). But
most of the patterns were same in both hepatitis strains
e.g. Nglycosylation site, Amidation site, CAMP and cGMP
dependent protein kinase phosphorylation  site,
Nmyristoylation site, Protein kinase C phosphorylation
site and Casein kinase Il phosphorylation site etc. Thus,
there is sequence as well as functional conservation in
both the sequences’.

On submission of the hypothetical protein sequences of
hepatitis B to the Pfam database, different pfam
matches/patterns were obtained as outputs (Table 4 A).
In protein 1% two patterns (one significant and one
insignificant) were identified. In protein 2" two patterns
(two significant and zero insignificant) were identified. In
protein 3" two patterns (one significant and one
insignificant) were identified. In protein 4" two patterns
(two significant and zero insignificant) and in protein 5th
no pattern (zero significant and zero insignificant) was
identified. On submission of the hypothetical protein
sequences of hepatitis C to the Pfam database, different
Pfam matches/patterns were obtained as outputs (Table
4 B). In protein 1st twenty seven patterns (twelve
significant and fifteen insignificant) were identified. In
protein 2", 3 4™ and in protein 5™ no pattern (zero
significant and zero insignificant) were identified. Most of
the patterns obtained in both strains were different’,
except some e.g. Hepatitis core protein, putative zinc
finger, Hepatitis core antigen etc. and these patterns
were present in only in the 1% hypothetical protein of
hepatitis C. While on the other hand in hepatitis B all the
patterns were uniformly distributed, thus, there was
some additional information present in hepatitis C°.
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Table 3: Representing details of the patterns found in different hypothetical proteins.

VEEY B, O Name Pattern
Patterns
Hepatitis B
Proteinl | 4 N-glycosylation site N-{P}-[ST]-{P}
Protein kinase C phosphorylation site [ST]-%-[RK]
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Leucine zipper pattern L-x(6)-L-x(6)-L-x(6)-L
Protein2 | 6 N-glycosylation site N-{P}-[ST]-{P}
CAMP- and cGMP-dependent protein [RK](2)-x-[ST]
kinase phosphorylation site
Protein kinase C phosphorylation site [ST]-%-[RK]
Casein kinase Il phosphorylation site [ST]-x(2)-[DE]
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Amidation site X-G-[RK]-[RK]
Protein3 | 3 Protein kinase C phosphorylation site [ST]-x-[RK]
Casein kinase Il phosphorylation site [ST]-x(2)-[DE]
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Protein4 | 3 cAMP- and cGMP-dependent protein [RK](2)-x-[ST]
kinase phosphorylation site
Protein kinase C phosphorylation site [ST]-%-[RK]
Casein kinase Il phosphorylation site [ST]-x(2)-[DE]
Protein5 | 0 NO PATTERN FOUND
Hepatitis C
Proteinl | 9 N-glycosylation site N-{P}-[ST]-{P}
cAMP- and cGMP-dependent protein [RK](2)-x-[ST]
kinase phosphorylation site
Protein kinase C phosphorylation site [ST]-%-[RK]
Casein kinase Il phosphorylation site [ST]-x(2)-[DE]
Tyrosine kinase phosphorylation site [RK]-x(2,3)-[DE]-x(2,3)-Y
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Amidation site X-G-[RK]-[RK]
Cell attachment sequence R-G-D
ATP/GTP-binding site motif A (P-loop) [AG]-x(4)-G-K-[ST]
Protein2 | 4 N-glycosylation site N-{P}-[ST]-{P}
Protein kinase C phosphorylation site [ST]-%-[RK]
Casein kinase Il phosphorylation site [ST]-x(2)-[DE]
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Protein3 | 4 N-glycosylation site N-{P}-[ST]-{P}
Protein kinase C phosphorylation site [ST]-%-[RK]
Casein kinase Il phosphorylation site [ST]-x(2)-[DE]
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Protein4 | 4 cAMP- and cGMP-dependent protein [RK](2)-x-[ST]
kinase phosphorylation site
Protein kinase C phosphorylation site [ST]-%-[RK]
N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
Amidation site X-G-[RK]-[RK]
Protein5 | 2 CcAMP- and cGMP-dependent protein [RK](2)-x-[ST]
kinase phosphorylation site
Amidation site X-G-[RK]-[RK]
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Table 4: Representing details of the patterns found in different hypothetical proteins.

Total No. Name of Matched Patterns in Pfam-A
of Patterns Significant Insignificant
(A)Hepatitis B
Protein 1 2 Major surface antigen from hepadnavirus TB domain [Transforming growth
factor beta binding protein (TB)
domain]
Protein 2 2 Reverse transcriptase (RNA-dependent DNA | NO PATTERN FOUND
polymerase)
DNA polymerase (viral) C-terminal domain
Protein 3 2 Trans-activation protein X F-box associated
Protein 4 2 Hepatitis core protein, putative zinc finger NO PATTERN FOUND
Hepatitis core antigen
Protein 5 0 NO PATTERN FOUND NO PATTERN FOUND
(B) Hepatitis C
Protein 1 27 Hepatitis C virus capsid protein POPLD (NUC188) domain
Hepatitis C virus core protein ADP-ribosylation factor family
Hepatitis C virus envelope glycoprotein E1 Phosphoribosylglycinamide
synthetase, C domain
Hepatitis C virus non-structural protein Flavivirus DEAD domain
E2/NS1
Hepatitis C virus non-structural protein NS2 | Helicase conserved C-terminal
domain
Hepatitis C virus NS3 protease Glucose inhibited division protein A
Hepatitis C virus non-structural protein AIR synthase related protein, N-
NS4a terminal domain
Hepatitis C virus non-structural protein Anemonia sulcata toxin Ill family
NS4b
Hepatitis C virus non-structural 5a protein Protein of unknown function
membrane anchor (DUF1668)
Hepatitis C virus non-structural 5a zinc Exopolysaccharide synthesis, ExoD
finger domain
Hepatitis C virus non-structural 5a domain Protein of unknown function, DUF482
1b
Viral RNA dependent RNA polymerase Cobalamin-5-phosphate synthase
Exo-polysaccharide synthesis, ExoD
Protein of unknown function
(DUF679)
Probable cobalt transporter subunit
(CbtA)
Protein 2 0 NO PATTERN FOUND NO PATTERN FOUND
Protein 3 0 NO PATTERN FOUND NO PATTERN FOUND
Protein 4 0 NO PATTERN FOUND NO PATTERN FOUND
Protein 5 0 NO PATTERN FOUND NO PATTERN FOUND
CONCLUSION the sequence level with each other, as genomic sequence

The complete genomic sequences of hepatitis B and
hepatitis C have been compared. The similarity and
conservation of sequences were analyzed at the genome
level by In Silico approaches. Following conclusion were
made on the basis of the results obtained in the present
study: Both the sequences have identical conservation at

of hepatitis B have very good amount of similarity to the
sequence of hepatitis C. Both the genomes contained
same numbers of the genes and sizes of the genes were
almost similar. Thus probably their genetic contents were
same. Most of the Patterns of both strains were identical.
Thus, although the viruses possessed different size of the
genome and slightly different positions and numbers of
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repeats, they were containing almost similar information
at the genome level. Also, it may be possible that
hepatitis C has added some genetic information to its viral
genome and it may be evolved from hepatitis B.

Future Work

Present work can be extended on the structural as well as
on the functional aspects especially of proteins found
within hepatitis B and hepatitis C as three dimensional
structures of proteins of both hepatitis B and hepatitis C
can be predicted and on the basis of these structures
probable functions can be hypothesized.

Acknowledgments: The authors would like to
acknowledge the support and facilities provided by the
Department of Computational Biology and Biocinformatics,
Sam Higginbottom Institute of Agricultural, Technology
and Sciences, Allahabad, U.P., India.

REFERENCES

1. Delcher, AL., Kasif, S., Fleischmann, RD., Peterson, J.,
White, O., and Salzberg, SL. 1999. Alignment of whole
genomes, Nucleic Acids Res. Jun 1; 27(11):2369-76.

2. Fitch W.M. 1970. Distinguishing homologous from
analogous proteins. Syst. Zool. 19: 99-113

3. Higgins D., Thompson J., Gibson T., Thompson J.D.,
Higgins D.G., Gibson T.J. 1994. CLUSTAL W: improving

the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-
specific gap penalties and weight matrix choice.
Nucleic Acids Research 22: 4673-4680.

Benson, G. 1999. Tandem repeats finder: a program
to analyze DNA sequences. Nucleic Acids Research
27,No. 2, pp. 573-580.

Force A., Lynch M., Pickett F.B., Amores A., Yan Y.L.,
and Postlethwait J. 1999. Nucleotide preservation of
duplicate genes by complementary, degenerative
mutations. Genetics 151: 1531-1545.

Orito E, Mizokami M, Sakugawa H, Michitaka K,
Ishikawa K, Ichida T, Okanoue T, Yotsuyanagi H, lino
S. 2001. A case-control study for clinical and
molecular biological differences between hepatitis B
viruses of genotypes B and C. Japan HBV Genotype
Research Group. Hepatology; 33: 218-223.

Hino, O., K. Ohtake, and C. E. Rogler. 1989. Features
of two hepatitis B virus (HBV) DNA integrations
suggest mechanisms of HBV integration. J. Virol.
63:2638-2643.

Snel B., Bork P., and Huynen M. 2000. Genome
evolution: Gene fusion versus gene fission. Trends
Genet. 16: 9-11.

*khkkkkhkkkikkikkkikik

R~| International Journal of Pharmaceutical Sciences Review and Research Page 141
Q?—j) Available online at www.globalresearchonline.net



