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ABSTRACT

The influenza A virus has proven to be lethal over the history of time. Every season the virus is usually formed
from a new combination of various subtypes of hemagglutinin and neuraminidase. It is impossible to determine
in what combination an outburst of the virus will occur and thus presents the challenge of developing efficient,
multi-effective drug/vaccine. In this study, the variation pattern followed by the neuraminidase enzyme of the
pathogen has been derived using the concept of substitution mutation. The transition score matrix has been
calculated to derive the most preferred substitution mutation by an amino acid using multiple sequence
alignment and un-gapped block identification. This score matrix has been used to predict the most probable
mutations in the present subtype of neuraminidase and propose the next in line subtype. The prediction of the
upcoming subtype has been achieved with an average accuracy of more than 60% which can further be improved
and the same methodology can be applied to other such highly varying pathogenic viral proteins.
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pattern.

l. INTRODUCTION

Influenza has been recognized as one of the
deadliest infectious diseases in the recent times. It
has affected as large as 40% of the population in
some countries. Avian flu and swine flu are some of
the examples of the pandemics occurred. The
Influenza A virus is responsible for causing the flu
pandemics. It can cross species barrier and can affect
human as well as animals (Bao et. al., 2008).The
seasonal pathogenic strain exhibit different subtypes
depending on the proteins that are expressed on the
surface of the influenza virus. Neuraminidase (NA)
and Hemagglutinin (HA) are the two large
glycoprotein molecules that lie on the surface of the
influenza virus (Ruigrok et. al., 1998). Envelope
glycoprotein NA has an enzymatic activity. It helps
the release of newly formed virus particles by
cleaving the attachment of the pathogen from the
surface of infected cells(Hirst, 1942).Because of its
pivotal role in the spread of the infection, NA has
been used as a potential target for the antiviral drugs.

Several strategies have been developed till
date taking NA as target, however for each infection
season the subtype of the NA changes, which makes
it difficult to devise a specific vaccine. Hence the
vaccine is updated every year (Colacino et. al.,
1999). Similarly, the drugs that are used to target
NA such as oseltamivir (Tamiflu) and zanamivir
(Relenza) (Palese et. al, 1976) have also been proven

to be somewhat ineffective due to emerging
drug resistance (Russell et. al., 2006).Therefore there
has always been a pressing need to engineer new
treatment strategy for influenza virus (Barik, 2012).
To solve this challenge it becomes very important to
understand the pattern of variation (if any) followed
by the antigenic protein (NA). In this work, it has
been shown that there is an amino acid biasness
followed during the transition from one subtype to
another posed through substitution mutation. A
method has thus been designed to predict the
upcoming subtype by looking at the previous
outbreak based on a transition score matrix derived
through sequence analysis.

1. MATERIAL AND METHODS

2.1 Data Collection

To make a data set, protein sequences of
different subtypes of Neuraminidase were collected
from the RCSB Protein Data Bank (Berman et. al.,
2000). The query made was using the keyword
Neuraminidase and was further refined using
taxonomy as Influenza A Virus and experimental
method as X-Ray and Date of release from 01-01-
2010 up to 31-07-2015.

2.2 Redundancy Check

It is critical that the collected data should be
accurate, random and non-redundant in order to
ensure that biasness of sequences that are in higher
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number is eliminated. For checking the redundancy
of the data a cluster analysis has been performed
using the tool CD-HIT (Li and Godzik, 2006) and
the repetitions have been eliminated to make sure
that the data is accurate and non-redundant.
Representative sequence for each cluster has been
derived.

2.3 Multiple Sequence Alignment

MSA has been performed with intent to
determine an ungapped block of sequences. The
alignment of the conserved regions in the input
sequences is clearly visualized using the tool Jalview
(Waterhouse et. al., 2009). A consensus sequence is
also obtained from the multiple sequence alignment
of representative protein sequences. The concept
here is that if any change (mutation) occurs at a
particular position in the consensus sequence then
the effects of this mutation can be mapped to all the
representative sequences which were used to attain
the consensus sequence (Schneider, 2002).

2.4 Threshold Value

In the consensus sequence each position is
represented with a value called as Percent Identity.
A threshold value of 30% was set because the
protein sequences are considered homologous if the
percentage identity in the consensus sequence is
more than or equal to 30% (Pearson, 2013). Only
those positions from the consensus sequences having
a percent identity equal to or higher than 30% were
selected.

2.5 Phylogenetic Analysis

A phylogenetic tree was calculated by using
the representative sequences obtained from CD-HIT
as input. The tree was calculated based on the
neighbor joining method using BLOSUM 62
distance matrix (Saitou and Nei,1987) Based on the
phylogenetic tree derived from the Jalview, an
evolutionary path of NA was derived. From the tree,
the evolutionary path of the virus in the form of
clusters of sequences was obtained. These clusters of
sequences are termed as sister sequences (Martin et.
al., 2005). Each sister consists of a set of NA
sequences. It signifies that the sequences included in
particular sister occurred at a same time period in the
evolution of the virus. A representative sequence
was derived for each sister. This was done by
selecting a representative amino acid for each
position. The representative amino acid was chosen
based on the occurrence of amino acid in all the NA
protein sequences of a particular sister. The amino
acid with maximum occurrence within the sister at a
position was selected as a representative amino acid
for that position.

2.6 Mutational Analysis

All the positions in the consensus that
satisfied the threshold value of 30% identity were
extracted along with the corresponding positions of
all the sisters.

Based on the observed statistical data, a
20x20 transition matrix was calculated. In every cell
of this transition matrix, a score value is stored
which is calculated on the basis of relative pair
change frequency. Every score value can be
considered as A(i,j) where A is referred as the
transition matrix and A(i,j) is the score of transition
of a particular amino acid with index ‘i’ to a
particular amino acid with index ¢j’. Here, i’
represent the index values for every row of the
matrix and similarly ‘j” for every column of the
matrix. Every time such transition is met, the score
value is incremented by 1. Hence the transition
matrix will consist of transition scores and it will be
used while making the prediction.

2.7 Determining the position where prediction is
to be made

Pairwise sequence alignment of the input
sequence with the consensus sequence is performed
using EMBOSS-NEEDLE (Needleman and Wunsch,
1970).Those amino acids in input sequence have
been identified which are aligned with the consensus
sequence considering them to be the critical
positions in terms of structure and function.

2.8 Prediction

Each of these critical positions is filtered
based on the threshold PID of 30% and above.
Prediction process is then performed on the resulting
amino acids. The predicted amino acids are then
stored in the same position of the input sequence.

2.9 Transition Matrix Lookup

The process of looking up the transition matrix
occurs in the following manner:
1. Result returned by pairwise alignment of
consensus and input sequence i.e. the aligned amino
acids and their respective positions are stored in the
database.
2. For every aligned amino acid: The corresponding
i index of the amino acid is identified. The scores at
position i in the transition matrix are looked up to
find a j index such that A[i,j] has the maximum
transition value. The amino acids indexed with j’ is
the predicted amino acid for the specific position.
3. The amino acids other than the critical amino
acids do not undergo any change.
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I1l.  RESULTS AND DISCUSSION

3.1 Collection of data Table 1: 13 Sisters and the corresponding
The search in PDB using the keyword sequences that constitute them.
“Neuraminidase” resulted in 338 hits which when Sequence Sequence
refined with organism name as “Influenza A Virus” . PDB_IDsin | PDB_IDs in
. L . . Sister each sister Sister each sister
gave 159 hits. Further refinement with experimental Sister 1| 4CPLA Sister 7 JDGRA
method as “X-Ray” resulted in 159 hits. Final 4CPO:A Sister 8 40N3:A
refinement by selecting the Date of Release in the Sister2 | 4QN4:A Sister 9 4H52:A
range of 01-01-2010 to 31-07-2015, returned 49 hits. Sister3 | 4K3Y:A _ 4H53:A
Sister 4 4GDI:A Sister 10 4AMWIJA
4GDJ:A 4MWL:A
3.2 Redundancy check _ Sister5 | 4MCT:A Sister 11 AHZV'A
For performing redundancy check using Sister 6| 4GZO:A 2HZY A
CD-HIT, the value for the parameter “Sequence 4GZS:A Sister 12 3SAL:A
Identity cut-off” was set to 1 to ensure the complete _ Sister 13 3K36:A
removal of any redundant sequence. The 49 Sister 7| 4DGR:A 3K38:A

sequences have been clustered into 20 unique and
non-redundant clusters. For each of the 20 clusters,
one representative sequence is assigned. In the
further processing of the data, the 20 representative
sequences are used.

3.3 Multiple sequence alignment

An ungapped block of positions 1 to 369
has been observed after MSA of the 20
representative sequences. It is shown in the figure 1.

3.4 Consensus sequence

After performing multiple sequence
alignment on the protein sequences following
consensus sequence was obtained:

>Consensus/1-466 Percentage Identity Consensus
GSPSNLPKPLCTIPGCSIFGKDNAIRLGSSGDVLVTRE
PYSSCDPDSCDFFACGQGALLRGKHSNGTIKDRTPY
RALISWPLGSPPLLGNSKVECIAVSSSSSHDGKGLGS
ACISGNDNDAAAVIYYGRRALTIIKDSAAIILTTQSSE
CCCICTCCSVVVTDGPAAGSADTRIYIEGGIIHKKK
EKTSTGIGEEEECSYCYCIVRCCCCRDNNKGNNRPV
RIIDEDANIETGYVCSGIVTDTPRPDDPSTNDKCNNP
NEGGGNGGVGGGGDKGGANTWGGRTISSESSSGY
EIYKVEGAKTKPNSKKLENKQIIVNNDWSGYSGSSG
DYSIESCCCRCCFIEEIGIGGGDVDKEWTSNSIVSFSG
TSNEGGSGGWGDGSNIDGMPLADMDADMALGVM
VSMKEPGWY SFGFEIKDKECDVPCIGIEMVHDGGK
ETWHSAATAIYCLMGSGQLLWDTVTGVDMAL

A threshold of 30% was applied on the
consensus sequence such that all the amino acids
whose score is below than 30% in the consensus
sequence are filtered out.

3.5 Phylogenetic analysis

The phylogenetic tree was used to derive various
groups/sisters of sequences which signified major
chronological mutations. The sequences in each
sister signify that those sequences have occurred in
same time period during the evolution of NA. A total
of 13 sisters were identified with one or multiple
sequences as shown in table 1.
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Q0 b ML
seas PR LonrBpuenvsor avsBie 181 osRolve vi BB rvecos lclerLrosacnBllsnnry SPYIALMSVPLGSSPNAYOA'F svansaTACHEo ML ave 1564
0 LPST|OTLTLFLTSGGVLLSLYVSASLSYLLYS I FSPTI;TAPTMPL CANASNVOAVN o GVTLLLPI I;ETYP LSCPGSTFQ ALLISPIFG T GNSAPLIT BF IALGPN c LTV ARRRO6 YYIG
608 ML ST I0TLTLFLTS6OVLLSLYVSALLSYLLYSILLR? 5PT) TarThsLBANASWvRAVNRsATHoVTFLLPBRBNTYRRLSCPosTrONALL 1 5o RRF oBT GNSAPLIT B 1ACGPIEL FALT VAARPGGYVIG
seo B el sl o e oBeBvv e vvs ol BBclr vausoorr Mo Mo MBRsuvReL 1sweLsserrvrusive wssscBerive 1 ¢1sornmasaviwvafReviBinwalivi R
600 5P FY ASDMCVGWVPT orpworBLrolLILoMRavvse LTSCFIFFIAYGLSANDILLNTSM SLY TPI6SASTLSTS MILPG sssacrlloLwTvLvANG NSFIMI o \/T TrsasfocnL
3608 5P FY Asumcvewvn or woPBLPoBL1LoRRA VaCBLTSCrRFF 1aveLsANORLLNTSMEWBRSLYKTR 163ANTLSTS MILPG sssacrifoLWTVLVSNG NSFIMI oB1 THTF ssflosrL
0 SPSA NWS pocl i oraer sklis | BLsasefl PYVSBP CYOFALGOGTTLNNV SNy mlnwm LGVPF LGT ave 1 awssssolloRnlive 1o NATASFIYNG Isvvswsl
SEQl0 SPSA Nws pach) 167 ApFskBNs RLsAcol v TREF Vst P CYOFALGOGTTLNNV SInTVRGTYRTLLMBLOVEF LGT ave 1 aesss soBoRanLve ToBMnATAsE 1 ioRL Vs VVws
SEQlt MWS paca 1 765 AP skns 1L saooll v BB vvsclpollovor ALGQGTTLN sn I TLLMNILGVPFILGT'OVCTAWSSSSDI IAWLIVCTTG NATASFIY Lvsmswsuuu
SEQl2 YNWS Q00 1 765 APF kBN 1L shoo v TREP YV clpokcvor ALGOGTTL I sn 1PBRTLLELGver AL TRave  awsssscloRumve 7o NATASFIY o Lvlls toswsan L
QU s SPLPLCPFIGFFPF W LBl v R vvscBfcwse ALAOGALLGT SNGTT revist fre rorarveonviBic awsssscrlo@ndvouronfiBasea 1 1 voorlls s TL
SeQueFHerRopLpLeerRGF ForHRBNA RLoBNIy 1 vrRB vvs ol cusr ALACoALLGTRMSNo T KRR TRYRSLIRF P16 TAPVLNYKE C1awss ssorBokBuvliveronBuliasaa 1 veolimls 1Ks
seate s sRATRLVLOBNLC 1 noweTvRoBo Trofl o BBawL 1 uerscs.c vmwemmuvs winvysvlLolee LIF wowsassollleranvLsvaolorvsiLyes 11 TIIPTNGGPL'TO
S0l SGISGSPGIATPLVLGINLESTNGWVPTYIG St OMLT owrvsc rvsmove TN Al vsBounvrsvllLopeTe LI IAvows;\ssclo anrvLsvaelrvs oot 1B frriee
SEQu NFNNLTlGLCTINS Y6 NAV tofssvevr e vvsclr crmsoeme o1 sy ALISWPLSSPPTVYNS cmwssrs MSIEISGPNNNASAVVWYN PVA INTWARN L
SEQUENF L TRoLCT 1o 6 NAV loBssBvLvTRBFvvscle c;msoeme 6T 1 MBS0y ALISWPLSSPPTVYNS uowssrsc e MSIEISGPNNNASAVVWYN PVA INTIARN L
seqraLuL s clvBowvyalin BroBoBa 1 vrigevyscleuociacioorr v v BB arBoL stevesee rvansBrLovewssrsollls ot cvosnBuararvyo@BRLT i flr wmuulro
seeflaL s MGUAPSPYNMEIGWSSTSCIGISISICMSGPNNNASA\/VWYGQIPV thipsussniL

TP
I WTY1GVEGH NNALL“YG AYTE SYAN ILITO SACNC IGGNCYLMITHGSASGVS) C [FPTGRV T CTCOFASN TIIC
TY 16 VRGP ANBAL LKVEYGEAY THTYHS YANKLLBTORSACNC IGGNCYLMI THGSASGVS E [FPTGRV T CTCGFASNKT IBC
i CSCYGRRARI TCTCRENGSNRPY IR I PVAMTITSOYICSPVLT PPN PTVG CNIPYPGNNNNGV 6F SYLMGYNTWLGRT§1A
YSTCYTINNLI CTGTNLWN A PLL al LNYDIVIPCNGAPT FP GGLTTPSC MAD 6RO 106F 1L PAWTS 1 A SSON
LONGTVORWKQLNTTG INF YSTCYTTNNLI CTOTNLUNGARRP L LAF TRBLNYQ [ VEPCNGAPTHFP GGLTTPSC MAO 4 GGTQGFTL PAWTS T T LSON
SEGo RILATO SIEVCINGTCTWMT GSTTSG ABTHILF | GIIV TSTLSGSAQHVERCSCYPRYPGY EVC I GSN P IVEIN KRG 1VESYVOSOLVG TP SSSSS (L PNN GV GWAF RBIG NG
SEQIOR | LATOESECVCINGTCTVVMTRGSASGRARTIILF 1EBOK I VTS TLSGSAQHVERCSCYPRYPGY EVC il GSN PIVEIN KBRS VS SYVESOLVG TP SSSSS (L PNN GV GWAF BBLG NBVIMG T
SEQU OBSBOVC I NG TLTVYNT GSASG A T ILF 1BEOKIY TSPLSGSAD CSCYPRYPOVRC | CREN GSN PVV I NHEDYS 1B SYVOSOLVORTPRN SSSNSNC NP GTOGV AR BNGNDLUMORT |
SEQ2QBSBCVC INGTETVVMT GSASG A T | LF | B0 TV TSPLSGSAD CSCYPRYPGVAC | CRRN GSN PVV | NNMEREY'S 1S SYVE SGLVGRTPRN SSSNSNC NPAN GTOGV GWAF NGN LUMGHT IS
SEQI TORS CDCIIGTEWAVT 6PAANSA Y VYW G NVP IO LERCSCYVR UYCIC i GSN PUME | NNET 1L TGYVCS S TPRPA PSTMSC SPSNVNGGPG\/ GTGF \/WLG T\/STSG
SEQI TORSECQC 1M TCVVAVTRGPAANSARY VYWT G NVP IOYL CSCYVRI VYCIC N GSN PUME | NNET 1L TGYVES S TP PA PSTMSC SPSNVNGGPGV GFGF VWLG VTS0
SEQISASSCICNBGTCYTIIARGTTYTASS) LY L\/NGTSAG ALITTGFNFI FPTCYYTSG V CTOTHLWN AlP DSFTYTF.PCLGFLG TPHG IATTNYCRKTTT GIGGTDGFMI GSNSWIG'IINPGS 6F
j IPVIDTIPVAMT TSUYIESPVLT NPHPNGEN | GRCNGPYPONNNNG VG SYLUGANTWLGRT I STAS
PVIQIBPVAMTHTSQY I CSPVLTANPRRNBPN | GRCNEPYPGNNNNGVEGE SYLAGANTWLGRT 1$TAS
CSEYGINSIVTCVC NWOGANIPVTII INAMERTSQYLCTGVLTRTSRPS SIGIENNPITGSPGAPGV GFGF LYSGNTULG TTSPIS

SEQTGGPL'TOASSEICNIGTEYTIIAIGTTYTASSILY'LVNGTSAGW‘A rrorneBrerevyrsel ETGTNLWN'A Pnlrlusrmrlmom refls B v mleloeuemlssuswo‘wos

Figure 1: Ungapped block of 20 representative sequences from position 1 to 369 as
obtained from
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Each value in the transition matrix is
calculated on the basis of relative pair exchange
frequency. Every time such transition is met, the
score value is incremented by 1. The matrix points
towards the possible amino acid biasness followed
by the virus during variation as shown in the Figure
2.

1.6 Mutational Analysis

Each value in the transition matrix is
calculated on the basis of relative pair exchange
frequency. Every time such transition is met, the
score value is incremented by 1. The matrix points
towards the possible amino acid biasness followed
by the virus during variation as shown in the Figure
2.

Figure 2: 3-D graph representation of the 20X20
transition matrix representing the transition
frequency of one amino acid to another.

3.7 Input

The latest influenza outbreak has been
recorded by WHO on 26" April, 2016 in which a
human was tested positive for H7N9, a similar case
of influenza outbreak has been observed few days
earlier by WHO in china on 23rd march,2016 in
which human infection with avian influenza H5N6
has been observed (WHO, "Disease Outbreak News
(DONs)," 2016). This data has been used to test the
validity of prediction algorithm. Therefore N6 with
PDB-ID 4QN4 has been selected as the input, to
which the prediction sequence must come similar to
NO.

Input sequence is:
EFGTFLNLTKPLCEVSSWHILSKDNAIR
IGEDAHILVTREPYLSCDPQGCRMFALSQGTTL
RGRHANGTIHDRSPFRALISWEMGQAPSPYNV
RVECIGWSSTSCHDGISRMSICMSGPNNNASA
VVWYGGRPVTEIPSWAGNILRTQESECVCHKG
ICPVVMTDGPANNRAATKIYFKEGKIQKIEEL

AGNAQHIEECSCYGAVGVIKCVCRDNWKGAN
RPVITIDPEMMTHTSKYLCSKILTDTSRPNDPT
NGNCDAPITGGSPDPGVKGFAFLDGENSWLGR
TISKDSRSGYEMLKVPNAETDTQSGPISHQVIV
NNQNWSGYSGAFIDYWANKECFNPCFYVELIR
GRPKESSVLWTSNSIVALCGSKERLGSWSWHD
GAEIYFK

The predicted sequence has been observed as:

EFGTFLNLTKPLCEVSSWHILSKDNAV
RIGEDAHILVSREPSLSCDPQGCRMGALSTGTT
LRGRHANGTIHDRSPFRALISWEMGQAPSPYN
VRVECVGWSSTSCHDGISRMSICMSGPNNNAS
AVVWSGGRPVSEVPSWAGNVLRSTESECVCH
KGICPVVMSDGPANNRAASKIIYFKEGKVQKIE
ELAGNAQHIEECSCSGAVGVIKCVCRDNWKG
ANRPVITVDPEMMTHSSKSLCSKILSDSSRPND
PSNGNCDAPITGGSPDPGVKGFAFLDGENSWL
GRTISKDSRSGSEMLKVPNAETDTQSGPISHQV
IVNNQNWSGSSGAFIDSWANKECFNPCGYVEL
IRGRPKESSVLWTSNSVVALCGSKERLGSWSW
HDGAEIIYFK

3.8 Validation

In order to validate the results obtained from
the prediction methodology the phylogenetic tree of
the input data set was observed. In the Phylogenetic
tree if I was an instance of one input sequence then P
was next the observed sequence in the tree. Based on
these observations, the Input sequence | was
processed using the tool, and obtained a prediction
sequence P’. Now in order to determine the
similarity between P and P’, pairwise alignment of P
and P’ was performed and the similarity percentage
was noted.

Using the above mentioned validation
method, when the protein sequence of N6 i.e. 4QN4
was processed as input to the prediction algorithm,
the predicted protein sequence showed a 62.7%
identity and 76.0% similarity with N9 having PDB-
ID 4MWJ. Similarly, an average was calculated of
10 random sequences as shown in table 2. From the
input data set, an average of 62.01% similarity and
44.36% identity was obtained.
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Table 2: Validation result of 10 randomly
selected sequences and their similarity and
identity percentage with the existing next-in-line
subtype as per the chronological arrangement of
the sequences

S. Input Expecte | Number | Identity Similarity
No | Sequenc | d Next | of percentag | Percentag
e Sequenc | Position | e e
PDB_ID | e S
PDB_ID | predicte
d
1 4K3Y 4GDI 85 37.9 54.7
2 4DGR 40QN3 161 57.4 72.2
3 4QN3 4H52 138 46.8 68.5
4 4NWJ 4HZV 154 43.9 61.9
5 4HZY 3SAL 152 42.8 60.1
6 4H52 4AMWJ 145 45.2 63
7 4GZS 4DGR 141 41.8 60.5
8 4H53 4MWL 144 44.9 63
9 4GDI 4MC7 79 36.3 52.9
10 | 40QN3 4H53 138 46.6 63.3

V. CONCLUSION

49 protein sequences of NA were extracted
from PDB and clustered into 20 unique and non
redundant groups. MSA of the representative
sequences from each of the clusters output a 369
positioned ungapped block which act as the basis of
the variation analysis. Threshold of 30% has been
used to filter the positions which might have
evolutionary significance. Amino acid from all the
13 chronologically arranged sister groups at the
critical positions were extracted and used to derive
the transition matrix. The transition matrix thus
obtained directed the focus on the possible amino
acid biasness. An average accuracy of more than
60% has been achieved for the prediction algorithm
based on the transition matrix. Although the
accuracy can still be improved, this method proves
to be a step closer to development of new treatment
strategies and get prepared for any disease in which
the pathogen is highly mutating.
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