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Every year certain treatment strategies are developed to combat influenza
that too only after the epidemic hits the population. The major setback in
designing the treatment strategy is due to the variation in the surface
antigenic determinants (Hemagglutinin and Neuraminidase) of the virus. In
this work, the position specific contribution of an amino acid in the variation
of the Hemagglutinin protein has been derived. Multiple sequence alignment
of non-redundant sequences of Hemagglutinin from different strains has been
used to derive a position specific weighted probability score matrix. The
next-in-line variation in the subtype of the Hemagglutinin protein of the

influenza A virus has been predicted using the calculated score matrix.
Although the prediction has been accomplished with an average accuracy of
60%, the accuracy can still be improved. This strategy may be proven to be
useful to design a drug before the outburst of the disease.
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Introduction:-

Influenza A virus has been found to cause the most severe disease in human and have been reported to cause
pandemics when crossed the species barrier (Klenk et. al., 2008). Since its first appearance in Spain during 1918-19,
it has challenged human population in USA during 1957-58, Hong kong in 1968 (NIAID, NIH, 2011)and over 74
countries in 2009 (WHO, 2013). This virus is empowered with a unique structure and variation in the expression of
surface proteins, which imparts a perfect self-defense mechanism. The viral envelop, mainly constituted of 2 types
of glycoproteins, Hemagglutinin (HA) and Neuraminidase (NA), protect the core RNA genome which is segmented
in nature (Bouvier et. al., 2008). There are 18 different types of HA reported till date (Tong et. al., 2013). HA has
been reported to function in recognition of target host cells, and to facilitate the entry of the viral genome into the
target cells (Whiteet al.,1997). This makes it the most important and primary target of neutralizing
antibodies(Throsby et. al., 2008, Ekiert et. al., 2009, Sui et. al., 2009 and Corti et. al., 2011).

Drift from one strain to another probably depends on point mutation, which might change antigenic determinants,
while the region which does not play significant role in triggering the immune response remains highly conserved
between different subtypes. These single base substitutions give rise to the diversity in the pathogen (Willy et. al.,
1980). Among the various strategies developed till date to solve this problem, tert-butylhydroguinone
(TBHQ)(Russell et. al., 2008), neutralizing human antibodies (nABs) (Ekiert et. al., 2009), peptides (Xintian et. al.,
2013) and vaccines (Chen et. al., 2011, Anne et. al., 2013) are some. However due to the high level of variability
from one season to another season in the strain, these strategies have gained limited success (Ekiert et. al., 2009).
The major challenge is to know which strain is going to be prevailing in the coming season, to be prepared with the
defense strategy. Current work intends to address this problem and to device a method to predict the next variation
in the protein.

1873


http://www.journalijar.com/
http://dx.doi.org/10.21474/IJAR01

ISSN 2320-5407 International Journal of Advanced Research (2016), VVolume 4, Issue 5, 1873-1879

Material and Methods:-

Data collection:-

Available protein sequences of all the types of HA were taken from PDB (Berman et. al. 2000) with the keyword
Hemagglutinin. Further refinement has been done with experimental method-X-RAY AND taxonomy-VIRUS AND
release date between 01-01-2010 up to 31-07-2015. The results were downloaded in the form of fasta files.

Cluster Analysis and Redundancy Check:-

Redundancy in the data obtained from PDB has been removed using CD-HIT (Li et. al., 2006). CD-HIT clustered
the input protein sequences based on the identity of the characters. The value for identity percentage has been kept
as 100 to cluster the duplicate entries. One representative sequence from each cluster has been derived for further
analysis. This has been done to reduce the possibility of biasness of the analysis towards any specific type.

Multiple Sequence Alignment and Block Identification:-

Multiple Sequence Alignment (MSA) (Sievers et. al., 2011) was carried out on the representative sequences derived
from CD-HIT. The results were visualized in Jalview ( Waterhouse et. al., 2009). The consensus sequence observed
from MSA has been stored for further reference. An un-gapped block of all the protein sequences has been identified
from the MSA.

Formulation of a Weighted Probability Score Matrix:-
A position specific 2-D weighted probability score matrix was formulated based on a score value which is obtained
by the product of probability of occurrence and weight of each amino acid at that position in the un-gapped block
derived from MSA. The method for calculation of this matrix is devised based on the concept of sequence logo
(Crooks et. al., 2004). A stack is calculated for each of the positions in the alignment data of proteins. The frequency
of occurrence of the amino acids in that position is taken into consideration.
Procedure:
1. Ineveryrow | (or the y axis) the number of distinct amino acid, nj(distinct{aa}) and their frequencies,
f(aa;), was counted.
2. Inevery column J (or the x axis) there is the increasing order of positions of the block.
3. Probability is calculated as the ratio of number of occurrence of a particular amino acid over the total
number of amino acids in jth column.

p= f(aa;)

n;(aa)

P is the probability of occurrence of amino acid
4. Weight is calculated as inverse of the number of distinct amino acids in the jth column

1
w= n;(distinct {aa}) )

W is the weight of each position.
5. Ineverycell (i,j) following formula is applied:

Score =P W 3)

Based on the above procedure, a 20 X (number of positions in the identified block) 2-D score matrix was calculated,
it was then used a base in the prediction algorithm.

Identification of critical positions for prediction:-

Global pairwise alignment (Needleman and Wunsch, 1970) using EMBOSS NEEDLE (Rice et. al., 2000) was
performed on the sequence for which next prediction is to be made and the consensus sequence that has been
obtained during the MSA of all the non-redundant protein sequences of HA. The purpose of performing a pairwise
alignment is to identify the significant positions having similarity in terms of function, structure or evolution.

Statistically Predicted Output:-
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For each of the positions obtained after the pairwise alignment of the input sequence with the consensus sequence,
the corresponding amino acid for that position is stored in the database. The values in the score matrix are updated
for every position being predicted. Out of the updated values, the amino acid with maximum chance of occurrence is
identified based on the calculated score. The amino acid showing a greater chance of occurrence is concluded to the
amino acids that will occur next in the chronology.

Result and Discussion:-
Data collection:-
155 protein sequences of HA were taken after refinement as compared to the initial 498 hits obtained through simple
keyword search as Hemagglutinin.
Table 1: Query results

Keyword Hits
Keyword {Hemagglutinin} 498
Keyword {Hemagglutinin} AND Taxonomy {Virus} 423

Keyword {Hemagglutinin} AND Taxonomy {Virus} AND Experimental Method {X-Ray} 412

Keyword {Hemagglutinin} AND Taxonomy {Virus} AND Experimental Method {X-Ray} | 155
AND Time Period {2010 to 2015}

Cluster analysis and redundancy check:-

155 refined sequences obtained from PDB became input to the CD-HIT which was operating on the default
parameters. The identity cut off had been changed to 100% in order to eliminate the repeated sequences completely.
CD-HIT has returned 79 unique clusters as shown in Figure 1. Each cluster contained one or more than one protein
sequence in it. From every cluster a representative sequence has been chosen in such a way that it represents the
whole cluster. A total of 79 representative sequences were retrieved.

Cluster Analysis
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Figure 1: Cluster Analysis
Multiple sequence alignment:-

MSA of 79 representative sequences was performed. An un-gapped block of 164 positions was observed using
Jalview as shown in Figure 2 and Figure 3:
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File Edit Select View Annotations Format Colour Calculate Web Service

2YP2:A|PDBIDCHAN| SEQUENCE/1-503 QKLPGNDNSTATLCLGHHAVPNGT IVKT I TNDQIEVTNATELVQSSSTGG I COSPHRILDGENCTLIDALLGDPQCDGFANKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEFNNES A
2YPT:A|PDBID|CHAIN SEQUENCE/1-503 hKLPGNDNSTATLCLGHHAVPNGT IVKTITNDQIEVTNATELVQSSSTGG I COSPHQILDGENCTLI DALLGDPDCDGFONKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEFNNES:
2YPG.F|PDBID|CHAN| SEQUENCE/1-175 PLFGA]AGF |ENGWEGM | DGWYGFRHONSEGTGQAADLKSTQAAIDQ INGKLNRYVIEKTNEKFHQ IEKEF SEVEGR IQDLEKYVEDTKIDLWSYNAELLVALENQHTI DLTDSEMNKLFEKTRR:
2YPG.E|PDBID|CHAN| SEQUENCE/1-328 FDLPGNDNSTATLCLGHHA\/PNGTLVKT ITODQIEVTNATELVQSSSTGKICNNPHRILDG IDCTLIDALLGDPHCOVFANETWOLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEF ITEG
BU3B|POBID|CHAIN| SEQUENCE/1-174 GLFGAIAGF | EGGWRGMVDGWYGYHHENDQGSGYAADKESTOKAFDG I TNKVNSY I EKMNTQF EAVGKEF SNLERRLENLNKKMEDGF LDVWTYNAELLVLMENERTLDF HDSNVKNLYDKVRM
SKUSA|PDBIDCHAN| SEQUENCE/1-327 {PGDD ICIGYHANNSTEKVDTILERNVTYTHAKD ILEKTHNGKLCKLNG IPPLELGDCS | AGWLLGNPECDRLLSVPEWSY IMEKENPROGLCYPGSFNDYEELKHLLSSVKHFEKVKI LPKDR\'\{
SKUS:A|PDBID|CHAN| SEQUENCE/1-327 {PGDD ICIGYHANNSTEKVDTILERNVTVTHAKD ILEKTHNGKLCKLNG IPPLELGDCS | AGWLLGNPECDRLLSVPEWSY IMEKENPROGLCYPGSFNDYEELKHLLSSVKHFEKVKI LPKDRW|
SKUB:A|PDBID|CHAN| SEQUENCE/1-327 \KPGDD ICIGYHANNSTEKVDT ILERNVTVTHAKD I LEKTHNGKLCKLNG IPPLELGDCS | AGWLLGNPECDRLLSVPEWSY IMEKENPRDGLCYPGSFNDYEELKHLLSSVKHFEKVKILPKDRW
3USG.B|POBID|CHAN SEQUENCE/1-182 GLF G A | AGF | ENGWEGL I NGWYGFRHONAQGEGTAADYKSTQSAIDQ I TGKLNRL IGKTNQQFEL IDNEFNE I EQQIGNVINWTRDAMTE IWSYNAELLVAMENQHT I DLADSEMSKLYERVKK
SMBG:A|PDBID|CHAIN| SEQUENCE/1-317 :ADPGDKI CLGHHAVANG TKVNTLTERG | EVYNATETVETTNIKKICTQGKRPTDLGRCGLLGTLIGPPQCDOFLEFSSDL I IERREGTDICYPGRFTNEESLRQ ILRRSGG | GKESMGFTYSG ||
30Q0£|FDBIOIGHAMSEQUENGE/MNGLFGAIAGF 1EGGWQGMYDGWYGYHHENDQGSGYAADKESTAKAF DG I TNKVNSV I EKMNTQF EAVGKEF SNLERRLENLNKKMEDGF LDVWTYNAELLVLMENEHTLDF HDSNVKNLYDK\/RM
SSMELIPDBID|CHAN| SEQUENCE/1-211 IJSVLTEIPPSVSVAPGOTAR ITCGGND I GRKSVHWNQQKPGQAPYLYVCYDSDRPSG IPERFSGSNSGNTATLT ISRVEAGDEADYYCQVWDSSSDHVIFGGGTKLTVLGOPKAAPSVTLFPPSS
38MEHPDBID|CHAN| SEQUENGE!1-227 \EVDL\/EISGAE\/KKPGASVK\/SCKASGYTFTDYH I NWVRQAPGQGLEWMOW | HPNSGDTNYAQKF QGWVTMTRDTAI STAYMEVNGLKSDDTAVYYCARGGLEPRSVDYYYYGMOVWGQG TTVYTY
JSMSB|PDBID|CHANISEQUENCE/-182 (6 LF G A1 AGF | EGGWTGMVDGWYGYHHONEQGSGYAADTKSTANAING | TNKVNSV I EKMNTQF TAVGKEF NKLERRMENLNKKVDDGF I D IWTYNAELLVLLENERTLDFHDSNVKNLYEKVKS|
3SIMBAIPDBIDICHANISEQUENCE/-327 [EDT I C1GYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCLLKG I APLOLONCSVAGWILGNPECELL I SRESWSY | VEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSW
SUBE L|PDBID|CHAIN| SEQUENCE/1-177 GLFGA]AGF |EGGWTGMYDGWYGYHHANEQGSGYAADLKSTANAIDE I TNKVNSYV I EKMNTQF TAVGKEF NHLEKR IENLNKKVDDGFLD IWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSI
SUBE K|PDBID|CHAN| SEQUENCE!1-329 \PGDTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAPLHLGKCN |AGWILGNPECESLSTASSWSY IVETPSSONGTCYPGDF | DYEELREQLSSVSSFERFEIFPKTSS|
3ZNKE|PDBID|CHAIN| SEQUENCE/1-326 | DOICIGYHANNSTEQUDT IMEKNVTYTHARD | LEKTHNGKLEDLDGVKPL I LRDCSVAGWLLGNPMCDEF | NVPEWSY I VEKANPYNDLCYPGDFNDYEELKHLLER INHFEKIQI IPKSSWS S|
4BGZE|PDBID|CHANISEQUENCE/-168 GLF GA 1 AGF | EGGWRGMVDGWYGYHHSNEQGSGYAADKESTOKAIDGVTNKVNS | I DKMNTQF EAVGREFNNLERR I ENLNKKMEDGF LOVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRL!
4BGZA\POBID|CHAIN| SEQUENCE-327 \PDD ICIGYHANNSTEQVDT IMEKNVTYTHAQD I LEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDEF LNVPEWSY IVEKINPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKSSWSI
4BH2A|PDBID|CHAIN| SEQUENCE/-328 »DPDQ ICIGYHANNSTEQVDT IMEKNVTVTHAQD | LEKKHNGKLCOLDGVKPLILRDCSVAGWLLGNPMCDEF INVPEWSY | VEKANPYNDLCYPGDFNDYEELKHLLSRINHFEKIQI IPKSSVII
4BSAB|PDBID|CHAN| SEQUENCE1-177 bLFGAIAGF IENGWEGL | DGWYGFRHANAQGEGTAADYKSTQSAIDQ I TGKLNRLIEKTNQQFELIDNEFNEVEKQ IGNVINWTRDS | TEVWSYNAELLVAMENQHT | DLADSEMDKLYERVKR'
4BSA:A\PDBID|CHAN| SEQUENCE/1-321 :DKICLGHHALSNGTKVNTLTERGVEVVNATETVERTN IPRICSKGKRTVDLGQCGLLGTITGPPQCDQFLEFSADLIIERREGSDVCYPGKFVNEEALRQILRESGG I DKEAMGF TYSG IRTNG
4CQW£IFDBIDICHAWISEQUENCE/1-3ZT\IDPDD ICIGYHANNSTEQVDT IMEKNVTVTHAQD I LEKTHNGKLCOLDGVKPLILRDCSVAGWLLGNPMCDEF LNVPEWSY IVEKINPANDLCYPGNFNDYEELKHLLSRINHFEKIQI IPKSSW
4CYW.B|PDBID|CHAN| SEQUENCE/-173 GLF GA | AGF | ENGWEGMVDGWYGFRHONAQG TGRQAADYKSTRQAAIDQ I TGKLNRL IEKTNTEFES IESEFSEIEHQIGNVINWTKDS I TD IWTYQAELLVAMENQHTI DMADSEMLNLYERVRK
4CYW-AIPDBID|CHAN| SEQUENCE/-324 {LDKICLGHHAVANGT|VKTLTNEDEEVTNATETVESTSLDRLCMKGRSHKDLGNCHP IGMLIGTPACDLHLTGTWDTL IERENAIAYCYPGATVNEEALROKIMESGG I SKISTGFTYGSS | NS:
4DJE:B|POBID|CHAIN| SEQUENCE/1-177 PLFGA]AGF IENGWEGL | DGWYGFRHONAQGEGTAADYKSTQSAIDQ I TGKLNRLIEKTNQQFELIDNEF TEVERQ IGNVINWTRDSMTEVWSYNAELLVAMENQHT | DLADSEMNKLYERVKR:
40U6:A|POBID|CHAIN| SEQUENCE/-327 :ADPGDKI CLGHHAVSNGTKVNTLTERGVEVYNATETVERTNVPRICSKGKRTVDLGQCGLLGT I TGPPQCOQFLEFSADL I IERREGSDVCYPGKFVNEEALRQILRESGG IDKETMGFTYSG I:
4EDAB|PDBID|CHAIN| SEQUENCE/1-182 G LF GA | AGF | EGGWTGMYDGWYGYHHONEQGSGYAADLKSTANAIDE I TNKVNSV IEKMNTQF TAVGKEF NHLEKR I ENLNKKVDDGFLD IWTYNAELLVLLENERTLDYHDSNVKNLYEKVRS v

Figure 2: Ungapped block of positions from 1-124
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1|70 . 1]80 190 . ZIDO 2]10 2[20 : 230 %40
2YP2:A|PDBID|CHAN| SEQUENCE/-503 EFNNESFNWTGVTQNGTSSACKRRSNNSFFSRLNWLTHLKFKYPAL|NVTMPNNEKFDKLYIWGVHHPGTDNDQISLYAQASGR\TVSTKRSODTVIPNIGSRPRVRDIPSRIS\YWT IVKPGD I A
2YPT:AIPDBID|CHAN| SEQUENCE/-503 EFNNESFNWTGVTONGTSSACKRKSNNSFFSRLNWLTHLKFKYPALlNVTMPNNEKFDKLYIWGVHHPGTDNDO IFLYAQASGRITVSTKRSQATV IPNIGSRPRVRNIPSR IS IYWT [VKPGD |
2YPG.F|POBID|CHAIN| SEQUENCE/1-175 FEKTRRDLRENAEEMGNGCFKIYHKCDNACIESIRNGTYDHDVYRD:EALNNRFDIKG -------------------------------------------------------------------
2YPGE|PDBD|CHAIN| SEQUENCE/1-328 EF | TEGF TWTGYTANGGSNACKRGPGSGFF SRLNWLTKSGSTYPYLINVTMPNNDNFDKLY IWG | HHPSTNQEQTSLYVQASGRVTVETRRSQAT I IPNIGSRPWVRGLSSRIS I YWT IVKPGDV
SKU3B|POBID|CHAN| SEQUENCE/-174 YDKVRMDLRDNVKELGNGCFEFYHKCDDECMNS\/KNGTYDYPKYEE:ESKLNRNE|K --------------------------------------------------------------------
SHUSA|PDBID|CHAN| SEQUENCEN-327 LPKDRWTDHTTTGGSRACA\/SGNPSFFRNMVWLTEKGSNYPVAKGS:YNNTSGEQMLI IWGVHHPNDETEQRTLYANVG TYVEVGTSTLNKRSTPE IATRPKVNGQGGRMEF SWTLLOMWDT I NF
SHUS:A|PDBID]CHAIN| SEQUENCE/-327 LPKDRWTDHTTTGGSRACAVSGNPSFFRNMVWLTEKGSNYPVAKGS:YNNTSGEOML| IWGYHHPNDETEQRTLYANVG TYVEVGTSTLNKRSTPE IATRPKVNGLGSRMEF SWTLLOMWDT I NF
3KUBA\PDBID|CHAN| SEQUENCE/-327 LPKDRWTDHTTTGGSRACAVSGNPSFFRNMVWLTEKGSNYPVAKGS:YNNTSGEOMLI IWGVHHPNDETEQRTLYQNVGTYVEVGTSTLNKRSTPE IATRPKVNGLGGRMEF SWTLLOMWDT I NF
SMEG:B|POBID|CHAIN SEQUENCE/-182 YERVKKQLRENAEEDGTGCFEIFHKCDDACMES IRNNTYDHTAYRTESLANRIQIDSGRLVPRG - -« « v v vv e
SMSG:A|POBID|CHAIN| SEQUENCE/1-317 F TY 86 | RTNGATSACTRSGSSFYAEMKWLLSNSDNAAFPDMTKAYR:NPRNKPAL| IWGVHHSESVEEQTKLYGSGNKL I TVRSSKYQQSF TPNPGARRIDFHWLLLOPNDTVTFTFNGAF | APD
SQQ0:B|PDBID|CHAIN| SEQUENCE/- 474YDKVRMOLRDNVKELGNGCFEFYHKCDDECMNSVKNGTYDYPKYEE'ESKLNRNEIK ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3SMALIPDBID|CHAI SEQUENCEN-211 LFPPSSEELOANKATLVCL|SDFYPGA\/TVAWKADSSPVKAGVETTITPSKDSNNKYAASSYLSLTPEDWKSHRSYSCOVTHEGSTVEKTVAPT -------------------------------
SIS HPOBID|CHAIN| SEQUENCE/t-227 GTT\ITVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTNSWNSGALTSG\/HTFPA\/LDSSGLYSLSS\IVTVPSSSLGTOTYICNVNHKPSNTKVDKR\/EPK ---------------
S8MGB|POBID|CHAIN SEQUENCE/1-182 YEKVKSQLKNNAKE IGNGCFEFYHKCNDECMES\/KNGTYDYPKYSElESKLNREKI DGVRELYPR  « v v e et
35MEA|POBID|CHAN| SEQUENCE/1-327 PKESSWFNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYFNLSKS'YANNKEKE\/LVLWGVHHPPN\GDQRALYNTENAYVSVVSSHYSRKFTPEIAKRPKVRDREGRINYYWTLLEPGDT\ IF
SUBE.L|PDBID|CHAN| SEQUENCEN-177 YEKVRSOLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEIEAKLNREEIDSGR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SUBE.K|PDBIDICHAIN| SEQUENCE/1-329 FPKTSSWPNHD SNKGVTAACPHAGAKSF YKNL IWLVKKGNSYPKLSMSY\NDKGKEVLVLWG\HHPSTSADDOSLYONADTY\/FVCSSRYSKKFKPEIAICPKVRDOEGRMNYYWTLVEPGDKI
SZNKE|POBID|CHAN SEQUENCE/1-326 K8 SWSSHEASLGVSSACPYQGKSSFFRNVVIWL IKKNSTYPTI KRSY‘,NNTNDEDLLVLWG IHHPNDAAEQTKLYQNPTTY I SVGTSTLNQRLVPRIATREKVNGQSGRMEF FWT ILKPNDAINFE
IBGZB|PDBIDICHAN| SEQUENCE/1-186 YDKVRLDLRDNAKELGNGCFEFYHRCDNECMES\/RNGTYDYPDYSE'EA ............................................................................
4BGZA|PDBIDICHAN| SEQUENCE/1-327 PKSSWSDHEASAGVSSACPYUGRSSFFRNVVWL|KKDNAYFTIKRSIYNNTNOEDLLVLWGIHHPNDAAEQTRLYONPTTYISVGTSTLNORLVPKIATRSKVNGQSGRMEFFWTILKPNDA\ NF
4BH2:A|PDBID|CHAN| SEQUENCE-328 |PKSSWSSHEASLGVSSACPYQGKSSFFRNVVWL|KKDSTYPT|KR|SYNNTNQEDLLVLWG|HHPNDAAEQTKLYDNPTTYISVGTSTLNQRLVPRMTRSKVKGLSGRMEFFWTILKPNDAIN
4B SAB|POBIDICHAIN| SEQUENCE 177 YERVKRQLRENAEEDGTGCFEIFHKCDDDCMAS | RNNTYDHSKYRE,EAMONR TRIDPVK: c v ve ettt
BEA:AIPDBID|CHAIN| SEQUENCE/1-321 GIRTNGTTSACRRSGSSFYAEMKWLLSNTDNAAFPQMTKSYKNTRKSPALIVWG|HHS\ISTAEDTKLYGSGNKLVTVGSSNYDOSF\IPSPGARPDVNGLSGRIDFHWLMLNPNDTVTFSFNGAF
JCQUE|PDBID|CHAI| SEQUENCE/1-327 | PKS SWSDHEASGVSSACPYQGRSSFFRNVVIWL TKKONAYPT I KRSYNNTNQEDLLVLWG | HHPNDAAEQTRLYANPTTY I SVGTSTLNQRLYPKIATRSKVNGQSGRMEF FWT ILKPNDAINF
JCYW.B|PDBID|CHAN| SEQUENCE/1-173 YERVRKOLRDNAEEDGKGCFEIYHACDDSCMESIRNNTYDHSDYRE:EALLNRLNI ---------------------------------------------------------------------
JCYWA|PDBIDICHAIN| SEQUENCE/1-324 GSS4NSAGTTKACMRNGGNSFYAELKWLVSKSKGQNFPQTTNTYRN:TDTAEHLlMWG|HHPSSTOEKNDLYGTDSLSISVGSSTYOSNFVP\/VGARPOVNGOSGRIDFHWTLVOPGDNITFSHN
4DJ6:B|PDBID|CHAI|SEQUENCE/1-177 YERVKRDLRENAEEDGTGCFEIFHKCDDDCMAS|RNNTYDHSKYRE:EAIDNRIOIDSGR -----------------------------------------------------------------
JDUE:A|PDBID|CHAN SEQUENCE/-327 FTYSG IRTNGTTSACRRSGSSF YAEMKWLLSNTDONAAF POMTKSYKNTRKDPAL I IWG IHHSGSTTEQTKLYGSGNKL I TVGSSNYQQSFYPSPGARPQVNGOSGRIDFHWL ILNPNDTVTE SF
JEDA:B|POBID|CHAIN SEQUENCE/1-182 YEKVR SQLKNNAKE IGNGCFEFYHKCDNTCMES\/KNGTYDYPKYSE:EAKLNREE TDGYRELYPR -« v v v e

Figure 3: Ungapped block of positions from 125 - 164
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The consensus sequence retrieved from MSA was:-
GDFGAIAGFIENGWEGMVDGWYGYEHQNEQGSGTAADKKSTQGAIDGITGKLNSLIEKTNTQFELIGNEFN
ELEKRIENLIKKVEDGFDDVWSYNAELLVLLENELTLDSHDSEVKKLYEKVRSQLRENAKESGNGCFEFYH
KCDNFCMESIRNGTYDYTKYREEANLNREEIDGLRGIHHPHDEAEQTTLYQNYTTYSSVGTSSTSQRNQPEI
PTRSKVNGVRGRMEFFWTILTILDPIDFESNGNNIAPEAPYKIKKKGSSGIMKSEGSEGNCGTKCQTPTGAIN
SSNPFHNIHPLTIGECPKYVKSKKLVLATGLRNLPNIEKRERRIFGRIAGFIEAGWEEGGDGWYGFGHQNSE
GIGEAADGIATQKAINQIAGKENRLIGKNNEEFHNGEKEFIEGEFRIQDLEINVEDDKIDDWSYNAELLVALE
NQHTEDDRDLDLNDLFERNKHQLIENAEDMGNGCFKIGHKCDNACCGDICNGTYDHDTYRDEALKEEFQI
KRQEIEGIRLVPR

Since the range of positions of the observed un-gapped block is from 1-164, same range of positions have been
marked significant in the consensus sequence as well.

Weighted probability score matrix:-

For every position of the un-gapped block a weighted probability score has been calculated with respect to every
amino acid. The same procedure is followed for each of the 164 positions and the complete 20 X 164 score matrix is
obtained. Example of the score matrix for 1% position of the conserved block has been shown in the following table:

Table 2: Weighted Probability Score for position 1

Amino acid Weighted Probability score at Position 1 Amino acid Weighted
Probability score at
Position 1
A 0 M 0
C 0.005 N 0
D 0 P 0.005
E 0 Q 0.006
F 0 R 0.001
G 0.057 S 0.001
H 0.003 T 0.001
I 0.013 \% 0
K 0 wW 0
L 0.008 Y 0
Prediction:-

Chronologically two latest outbreaks occurred as H7N9 in China, April 2016 and H5N6 again in china in March
2016 (WHO, Disease Outbreak News (DONSs), 2016). Since the H5 subtype has been expressed earlier than H7,
sequence of H5 has been chosen to be the input to the methodology and the predicted output is expected to be of
strain H7.

Predicted output:-

Pairwise alignment of input sequence and consensus sequence was carried out using EMBOSS-NEEDLE with
default parameters. The aligned positions were then processed through the prediction algorithm and the predicted
sequence was obtained.

Input sequence:-

H5 (PDB ID-4KWM)
ADPGDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPM
CDEFINVPEWSYIVEKANPANDLCYPGNFNDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQG
TPSFFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVP
KIATRSKVNGQSGRMDFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCQTPIG
AINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPLRER

Predicted sequence:-

ADPGAQICFIYHAWNSTEQGWWIMEHNVEVTHAQDALEKTHNGAICDIDGVKPLILRDCSVAGWLLGNP
MCEEEINIPELIEIVEKANPAVDSCYPGNFNDYEEEKHLLSRINHFKKIQIIPKSSWSDHEASSGVSSACPYQ
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KTPSFFREVVWLIKKDNTKPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRL
VPKIATRSKVNGQSGRMDFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCQTP
IGAINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPLRER

A pairwise alignment of the predicted sequence and the expected H7 sequence having PDB ID-3M5G was carried
out and a similarity of 51.5% was obtained.

Accuracy:-

The method to check the accuracy of the prediction has been chosen such that a global pairwise alignment of the
predicted sequence is performed with the actual sequence P’ in the phylogeny of the representative sequences. P’
represents that sequence in the phylogeny that stands next to the input sequence. The prediction algorithm works
with the accuracy as shown in the table below:

Table 3: Validation results

S. Input Next Number of predicted Identity Similarity
No.: Sequence Sequence positions percentage percentage
1 4BGZ:A 4CYW:A 29 33.9 52
2 3ZNK:E 2YP2:A 25 21.3 34
3 2YP2:A 2YPT:A 33 93.6 95
4 3UBE:L 4BGZ:B 129 72.9 86.4
5 4N60:D 4NRJ:F 115 38.5 52.2
6 4MA40:E 4ANRIJE 32 81.2 86.4
7 4F23.C 4FIU.C 33 95.1 95.7
8 4HKX:A 4FQR:X 36 24.2 415
9 3KU3:A 3KU5:A 37 33.6 49.6
10 4LKI:A 4AMAY:A 28 30.7 49.7
AVERAGE 53 60

Using this method, upon calculation of an average of 10 completely random protein sequences a similarity of 60%
and an identity of 53% percent was observed.

Conclusion:-

79 non redundant representative sequences have been used to perform MSA and based on the position specific
weighted probability score, which represents the variation effect in the due course of evolution, a methodology has
been designed to predict the next in line subtype. Although the accuracy of the method has been calculated as 60%
(based on similarity), scope of improvement still lies open. The accuracy if could be increased further, it can be
implemented to other viral diseases also, in which the viral pathogen adopts the same strategy of variation to bypass
the immune system without getting identified. This includes HIV-AIDS, SIV and other diseases. Future endeavour
would be to increase the accuracy and develop a prediction tool based on the developed methodology. The output of
the prediction tool shall be helpful in designing drugs/vaccines which can be effective against any subtype.
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