FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier
http://flusurver.bii.a-star.edu.sg/ or directly from GISAID EpiFlu™ (in near future)

Influenza surveillance - Prepared for the next

Important usage notes:

The main application scenario for FluSurver is to highlight phenotypically or epidemiologically interesting candidate mutations for
further research and should ideally be combined with experimental testing and verification of any predicted phenotypes.
Importantly, any direct diagnostic use, assumed severity or recommendation on patient treatment should not be based solely on
these computational predictions. Our curated reference sequences used for annotation transfer of equivalent mutations are mainly
comprised of strains that recently infected humans. Therefore, the usage scenario that will give the most fruitful and
reliable results are current surveillance sequences with very close relation to used vaccine strains, including some
candidates for avian flu (including the recent H7N9!) and novel reassortant swine flu H3N2v.

Paste
seguence
data here!

Flease take a look at the Frequently Asked Questions and Tutorial if you are new to FluSurver.

Paste your protein or nucleotide FASTA sequence(s) into the text area below. (Sample FASTA seguences: 2009 H1N1 NA and HA)

OR upload your protein or nucleotide sequences in a FASTA file

Choose File | No file chosen

The server can automatically determine the type of input (either protein or nucleotide) and the closest reference sequence among current
vaccine strains to compare. Also mixtures of genes/proteins (e.g. HA and NA or all genes of the same patient) can be provided as input.
To compare with more remotely related sequences/strains, it is possible to select a specific reference strain by choosing below/.

Compare with:

Automatic detection of closest reference (larger selection of strains. not always full genomes) E]
Additional settings: Pre pared by
ignore low quality bases for nucleotide input (indicated by lower case, except for all lower case sequences) Ae ron H u rt

(estimated time needed: ~2 seconds per sequence in automatic mode) Se bast'an M au rer-stroh
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AJSingapore/GH285/2009(H1N1)

Tachyon 11364 hits £ g
T efefban
Rank Score g2J2565
1 1.0 GFBAT - -

2 0.9914 GFBAT

3 0098718 GcreaT

4 0098294 GreaT

5 097872 GFRAT

6 097872 GFRAT

7 097872 aFepaT

8 097872 arFepaT

9 097872 aFepaT

10 097872 aFepaT

11 097872 arFepaT

12 097872 arFepaT

13 097872 GFepaT

14 097872 GFepAT

15 097872 GFepAT

1c oo

© gil29454444) | gb |ADF10043.
© gil299781614 | gb |ADJT40477.
© gi|325451706 | gb |ADZ1352L.
© gilZ294611208 | gb |ADF27356.
© gil32632Z0207 | gb |ADZS3124.
© gi|425786025 | gh |AFXO684L.
+ gi|316986112 | gh |ADUTES1E.
+ gi|295147036 | gh |ADFS0503.
+ gil307071034 | gh |ADNZ471E,

H3N2v. Please t

Query

|2 Length: 469 |

Hit Seq =/ Filter:

i 251748198 gb | ACT10319.
- ¢il300117086]gb | ADJ6T981.
- gil326320245 |gh|ADES3143.
- gil2591218599 | gh | ADDS46SS.
- gil251833646 | gh | ACT22016.
- 10294544923 |gh|ADFL0109.

zke 2 lock at the Freguently Asked Questions and Tutorisl if vou are new to FluSurver, There

: Plain | Jalview | Raw _i Downloads: FASTA | MAFFT | Raw . Params: internal, NCEI NR-24070523 sequel

5 also

a2 special note for using FluSurver results in publications.

Result for comparison with reference selection: aute | Back to Reference Selection

Best reference hit Y AA identity % length coverage

NA AfCalifornia/07/2008(HTNT)

find closest related sequences

[}

1=}
(=]
[
o
[=]

100.000

Right-click here to save/download mutation report table for archiving or import to Excel

Back to Reference Selection

[ Databases: @al Oppe ORefseq O SwissProt/UniProtke & Limit. @250 O 1000 Onone
neuraminidase [Influenza h virus (A/Hong Kong/2369/2009 (HIN1))]gi| 254548844 |gh|ACT67256. 1] neural
neuraminidase, partial [Influenza R virus (AfPerth/26272009(H1H1))]
neuraminidase [Influenza & virus (A/Hong Kong/FFD/2009 (HINL))]

1]
1|
1l

1| neuraminidase [Influenza & wirus (A&/Mexico/InDRE797/2010(HIN1)]]

1| neuraminidase [Influenza & wirus (&/0sakas180/2009 (HIN1))]

1| neuraminidase [Influenza & wirus (&/0ntario/25913/2009 (H1N1)) Jgi|307071058|gb |ADN24730.1| neuran!
1| neuraminidase [Influenza & virus (4/0ntario/10016/2008 (H1N1)) Jgi|294544523|gh |ADF10058.1| neuran!
1| neuraminidase [Influenza 4 wvirus (A/Netherlands/2445b/2009 (HIN1) )]

1| neuraminidase [Influenza & virus (&4/Lyon/48.49/2009 (HIN1))]

1| neuraminidase [Influenza & virus (A/Taiwan/6663/2009 (HINL))]

1| neuraminidase [Influenza & virus (A&/Hong Eong/23369/2009 (HIN1))]

1| neuraminidase [Influenza i virus (A/Viet Naw/12032005/2009(HI1N1)}]

1| neuraminidase [Influenza & virus (A/England/00350009/2009(HIN1)) Jgi|316956114|gb|ADOTE313.1| new
1| neuraminidase [Influenza & virus (A/3ecul/1370/2009 (HIN1))]

1| neuraminidase, partial [Influenza 4 wirus (A/Canada-AB/RVZ325/2009 (HIN1))]

g

# mutations

List of mutations

V106l H2480, H275Y
show in structure

ositions:

sensitivity

or resistance!

Find closest reference
strain and database hits!
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Result for comparison with reference selection: aute | Back to Reference Selection

Query Best reference hit % AA identity length coverage # mutations List of mutations

V106l 2430, H2T5Y
in structu

NA AfCalifornia/07/2008(HTNT)

find closest related sequences

[}

Singapore/GN285/2009(H1N1)

1=}
(=]
[
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100.000

MA drug sensitivity positions:

esistance!

wnload mutation report table for archiving or import to Excel

>NA_HIN1_Human_2009_California0?
gi[ 229396465 | gh| ACQE3272 | neuraminidase [Influenza i virus
(A/California/07/2009 (HIN1) )] USA20090409

Length - 269 Back to Reference Selection

Score = 989 bits (2558), Expect = 0.0
Identities = 466/469 (99%], Positives = 469/489 {100%)
Frame = +3

Query: zi  MNPNQKIITIGSWCHTIGHMANLILQIGNITSIWISHS IQLGNQMQIETCNQSVITYENNT 200 . . i
MMPNQEIITIGSVCHTIGHANL ILQIGN T8 TUISHS IOLGNGNQIE TCNQSVITYENNT tics Institute (BIl), Singapore
Shjot: 1 MNPNQRIITIGSWCHMTIGHANLILOIGNIISIWISHSIQLGNCNQIETCNOSVITYENNT 60 ledicina Genomica (INMEGEN), Mexico

Query: 201 WVNQTYVNISNTNF LLGQSVVSWELLGNSSLCPVSGVATTSEDNS IRIGSHGDUFVIREP 380
WVNOTFVH TSHTHF A RGOS VVEVRL AGHSSLCPVSGTAT YSKDNS+RIGSKGDVFVIRER
Shjct: 61 WVNQTYVNISNTHF AAGQSVVSWELAGHSSLCPVSGVATTSKDNSVRIGSKGDVFVIRER 120

Query: 381 FISCSPLECRTFFLTQGALLNDEHSNGTIKDRSPYRTLHSCPIGEVPSPYNSRFESVAUS 560
FISCHEPLECRTFFLTQGALL TIKDREP TRTLMSCP IGEVPSP YHSRFESVANS
Shjct: 121 FISCSPLECRTFFLTQGALLNDEHSNGTIKDRSPYRTLMSCPIGEVPSFYNSRFESVAUS 180

Query: 561 ASACHDGINWLTIGISGPDNGAWAVLEVNGIITDTIKSWRNNILRTQESECACUNGSCFT 740
ASACHDGINWLTIGISGPDNGAVAVLEYNGI ITDTIKS WENNILRTQESECACVNGECF T
Shjot: 181 ASACHDGINWLTIGISGPDNGAWAVLEVNGIITDTIKSWRNNILRTOESECACVNGSCFT 240

Query: 741 VHTDGPSDGOASTRIFRIEKGKIVKSVEMNAPNYTYEECSCYPDSSEITCVCRDNWHGSN 920
VHTDGPS+GOAS TRIFRIEKGKIVKSVEMNAPN T +VEECSCYPDESE ITCYCRDNWHGSH
Shjot: 241 VHTDGPESNGOASYRIFRIEKGKIVKSVEMNAPNYHYEE PDSSEITCVCRDNVHGSN 300

A — Check alignment to reference hit!

RPWVSFHONLEVQIGY ICSGIFGDNPRPNDETGSCGPVSSNGANGYKGF SFRYGNGYI TG
Shjot: 301 RPWWSFHMOMLEYQIGYICSGIFGDI T PUSENGANGURGFSFRYGHGYIIG 360

Query: 1101 RTKSISSRNGFENIWDPNGWTGTDNNES IKQDIVGINE QEPELTGLDCIRF 1280
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Result for comparison with reference selection: aute | Back to Reference Selection

Query Best reference hit % AA identity % length coverage # mutations List of mutations

V106l H2480, H275Y
show in structure

NA AfCalifornia/07/2008(HTNT)

AfSingapore/GN285/2009(H1N1) find closest relsted cemuenme:
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r resistance!

Right-click here to save/download mutation report table for archiving or import to Excel

Back to Reference Selection
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MNA H275Y

Key to alternative position numbering:
278 FluSurver numbering -
- {absolute as in 2009 H1M1 pandemic) -

274 Classical H3NZ strain numbering

275 Classical H1N1 strain numbering

Chosen reference: MA_H1M1_Human_2005_Californiad7 pok ons for further ress
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ch and should

= d not be

L = = mainhy comprised of strains that recently infected humans, Therefors, the usage scenario that will give the most

AA in reference: relation to used vaccine strains, including some candidates for avian flu and novel reassortant swine flu
b1 if you are new to FluSurver, There i zlso 2 special note for using FluSurver results in publications.
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Click on mutation of interest for details!
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NA HZTEY Miap of cities with the NA H275Y mutation
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MNA H275Y
Key to alternative position numbering:
278 FluSurver numbering
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Classical H3NZ strain numbering
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Y AA identity % length coverage # mutations List of mutations
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59.360 100.000 3 - -
— MA drug sensitivity positions:

r resistance!

ad mutation report table for archiving or import to Excel

k to Reference Selection

Mutation statistice for NA at position 275
AA  #0cc. % Geo Distribution Co-occurrences

stitute [BIl), Singagore )
=== . ) X ] 0.10
na Genomica ([MNMBEEEN), Mexico
Kt 197 248 {geo) {co-occur)
13 0.18
H 7740 97.28 reference aa reference aa

ALL 7958 100.00
Seguences were compared to reference strain A/California/07/2008(H1N1) AGMS3851.

Last updated on Sep 02nd 2013 by Raphael Tze Chuen Lee

labove are the occurrences of all amine acid residues at position 275 in NA. For statistics of all position

in NA in this subtype click here: HIN1 NA mutations table
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Check for temporal

Frequency of mutation over time

maaree ST occurrence patterns!
tring
W NA-H2T75Y Lring
NA-I321V L icny
75 W NA-K432E
M NA-N200S h and should idezlly be combined with experimental testing
B NA-N248D ould not be based solehy on these computational predictions.
E 5. Therefore, the usage scenario that will give the most
I NA-N369K - didates for avian flu and novel reassortant swine flu
50 L [ MNA-N44S wllaz ..\IILT_\JA te for using FluSurver results in publications.
W na-Po3F TR RS
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The line chart above shows the frequency of mutations in NA over time. Only mutations that were present in more than 30 percent of circulating st in any of the months were
represented in the line chart. Flease note that the frequency of mutation in the maost recent meonths tends to fluctuate as the database are still being populated
ved to be =
Accession Protein Strain WildtypeAA Position MutatedAA Frequency Date of ion(YYYYMMOD] Remarks mt,age I".: Mutation statistics for NA at position 275
ACYD2001  NA {#ltaly/137/2009(H1N1)) M 1 L 1 20090700 {co-pocur) T
AA % Occ, 3 Geo Distribution Co-occurrences

AC| NA {A/Poland/202/2009({H1N1)) N 2 | 4 [geo) 20090710 {co-pocur) S - - -

NA [AKenya/0T 1/2010(H1NT}) N 2 H 2 geo) 20101128 [eo-cceur) . X 8 0.10

§ . - " . - - . Bring)

Al NA {A/New York/3099/2009(H1N N 2 s 1 20090429 {co-pocur) _ ¥ 197 243 | ErerTIio
A N (A Texss/44313702/2002(H1N P 3 s 2 jgeo) 20090821 {co-oocur) - 12 .
Al NA {A/Pernambucc/120924/2012{H1N1}) P 3 Q 1 20121002 {co-ooour) - T
A NA orestan/1582/2009(H1N1)) N 4 K 5 [geo) 20090727 {co-pccur) H 7740 87.28 reference as reference as
Al NA ) N 4 T 5 {geo) 20091110 {co-pocur) ALL 7958  100.00
A & WL1313/2009( ] 2 {geo) 2009 {co-pocur) P T T A
= A (#/Huzlang/SWL12122003(HINT) h ‘ ! -a= 20081118 Semesr Seguences were compared to reference strain A/California/07/2008(H 1M1 ) AGMS3851.
AGIS4208 NA {A/South Carclina/28/2008[H1N1}) Q 5 R 3 {geo) 20090723 {co-pocur) Last updated on Sep 02nd 2013 by Raphael Tze Chuen Les
ADKB0212 NA {A/Lisboca/B0/2008(H1N1)) Q 5 H 2 [geo) 20090814 {co-pocur)
ACY30121  NA {AJltaly/181/2009{H1N1]) (o] 5 K 2 [geo) 20090700 {co-pocur)
ACY4E255  NA {A/Singapore/ONITE/2009(HIN1Y) Q 5 P 3 jgec) 20090708 {co-oocur) labove are the occurrences of all amine acid residues at position 275 in NA. For statistics of all position
ADDB4500 NA [AXian/001/200HHIN1}) K (1 N 7 [gec) 20090903 {co-oocur) in MA in this subtype click here: H1N1 NA _mutations table
ADG NA {A/CaliforniaVRDLES/2Z009{H1N K [ R 4 [geo) 20091017 {co-pocur) L
ADV172S NA {A/Thailand/CU-B23! 10{HN1}) K (] E 3 {gec) 20100420 {co-pocur)
ADKSESES  NA (A/Lima/WRAIRSESSF/2003HIN1}) K [ M 1 20090827 {co-oocur)
ADKBTI1Z NA {A/Qingdac/1215/2009(H1N K [} T 1 20090812 {co-ooour) |

NA AK=r‘\,s 071/2010{H1N1 | 7 v 1 20101129 {co-ooour)
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Country Strain PE2 PE1 2 PA HA P M M2 1s1 NS2 Date of collection(YYYYMMDD}
28T P
TM N248D H2TEY
- - - - - N248D HZTEY E482K
MN2480 H2TEY
- . - - - N248D H27EY E
G41R N44S V1081 V2411 N242D
H2TEY
- FZ248
S202T A214T S220T
S48
4| P2245 KT18Q
(344N 13541 P25 NE2KI3

N458S ME48]

051 NZ48D HIT

G41R N445

G41R Ne4S

ad mutation report table for archiving or import to Excel

- to Reference Selection

Mutation statistics for NA at position 27
AA  #0cc. % Geo Distribution \Qoocurrenoes

d on FokiX structurs H2ZTEY is

ability calculat

stitute [BIl), Singapuss

strongly destabilizing which could represent a fitness disadvantage ina Genomica (INMEGEM, Mesice X 8 0.10
= 4 E5 kcal'medl) . ¥ 197 2.48 {geo) {co-ocaur)

13 0.18
Pubbded search for this martation (incheding shernative nsmbsring) o H 97.26 - Hozrrn o

ALL

Seguences were compared to reference strain AJ/California/
Last updated on Sep 02nd 2013 by Raphael Tze Chuen Lee

F2008(HIN1)

C heck for CO—OCCU rri ng m utati OnS ! ;ﬁ-?;einﬂtr:i;h:uEESEUEFFCTCT‘-E;;;;ﬂ;:frﬂin;z‘d;x:t:z::Et::;::ecgmcn 275 in MA. For statistics of all position
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Known effect(s) of mutations at position equivalent to
your mutation:

MNA H275Y
Key to alternative position numbering:
FluSurver numbering

275 - ;
{absolute as in 2008 H1M1 pandemic)

274 Classical H3NZ strain numbering

275 Classical H1N1 strain numbering

Chosen reference: NA_H1N1_Human_2008_CalifornialT

o

Paosition in reference: 27
A& in reference: H
A& N guerny: St

H1M1). The mutat
2012(H1N1},

soourrsd in strain

ocoumed AlRio &

Baszed on FolX strectursl stability calculations
strongly destabilizing which could represent a fitness disadw

= 4 55 kcal’meol)

Pubbded search for this martation (incheding shernative nsmbsring)

Check for associated literature!

Influenza type
Mutation {as in paper)

Effect

g y interestingzn te
m rity oy recommen
e mainhy complifised of strain
relation t7 used vaccine
| if you zfe new to FluSury

Comment:

Literature reference
rnutation in yournqueary)

ceielection: auto Bacs o meizience aeiELLL |

& NCBI

Protein:

neutral AA:

[d neg. eff. Aa:

RS

s Human HINL (20067
FH274Y

H

Y

_strong drug resistance
“{drug name in comments)

Tamiflu but not Relenza resistance (Table 3)

[Mutation HZ»4Y in the paper iz at an equivalaent position of the

Publ&ed.gou PuUbMed ~]|
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National Institutes of Health
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Display Settings: () Summary, 20 per page,

[[] Neuraminidase inhibitor susceptibility surveillance of influenza viruses circulating worldwide during
1. the 2011 Southern Hemisphere season.

Sorted by Pub Date Send to: ¥

Page 1 of12  Mext> Last=>

Text availability
Abstract available
Free full text available
Full text available

PMID: 23575174 [PubMed - in process)
Related citations

Okomao-Adhiambo M, Sleeman K, Lysén C. Nguyen HT. Xu X, Li Y, Klimov Al, Gubareva LV
Influenza Cther Respi Viruses. 2013 Sep;7(5):645-58. doi: 10.1111/irv.12113. Epub 2013 Apr 10

Eunctional and structural analysis of influenza virus neuraminidase n3 offers further insight into

Custom range PMID: 23824808 [PubMed - in pracess]

Related citations

Publication o

dates 2. the mechanisms of oseltamivir resistance.
5 years LiQ, QiJ WuY, Kiyota H. Tanaka K.

10 years

Jvirol. 2013 Sep;87(18):10016-24. doi: 10.1128/V1.01129-13. Epub 2013 Jul 3.

Suhara'Y, Ohrui H, Suzuki Y, Vavricka CJ. Gao GF.
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FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

NA H275Y

Key to alternative position numbering:

o7E FluSurver numbering
{absolute as in 2008 H1M1 pandemic)

274 Classical H3NZ strain numbering

275 Classical H1N1 strain numbering
Chosen reference: NA_H1M1_Human_2005_Californial7 pgically inf

Paosition in reference: 275 Fa:j.sa

= mainky ¢
A& in reference: H relation
AS in query: ¥ | if you 3

Mutation MA HZTEY aleady occurred 157 times {2.48% of 3ll samples with NA

seguence) in 27 countries. The first strain with this mutation, collected in May ce selec
2008, was AlMexico cityfCIATNZ0IEHINT). The mutation mast recenthy

occurmed in strain A/Ric Grande Do Sul887/2012{H1N1)}, collected in June 2012,

{see map) % AA

See detsiled globsl statistics for this position

A mutstion at the position equivalent to MA 273 has been reported in the

litersturs to be relsted to mild dreg resistsnce and strong drug resistance. |
99
A combination of mutstions inclueding the position eguivalent to NA 2753 has been
reported in the litersture to be related to strong drug resistance.
. 3 2 n ad muts
As s=en in resolved structures of protsins from Jmol 8§
relsted strains, the NA position equivalent to your mutstion is invelved in: —_
- drug binding kto R e
Description:
See sl interactions for this position The reference position NA 275 (red atoms) comesponds to position 273 on viral chain A [yellow
badkbone) and is within & A from drug RAZ [pink stoms).
Based on FolX structural stability calculations HZTEY is predicted to be stitute (8 ) . . o
strongly destabilizing which could represent a fitness disadvantage [44G - E_r—n_" See all 18 interactions for this position

= 4 &5 keal'meal)

[ Click to save image |

Pubbded search for this martation (incheding shernative nsmbsring)

PODB ID 189V
Subtype Mot aveilable
Strain B/LEE 40

PMID of reference

Check for structural interactions! "
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FluSurver — an online tool to make sequence analysis and
mutation detection/interpretation easier

MNA H275Y

Key to alternative position numbering:
278 FluSurver numbering -
- {absolute as in 2009 H1M1 pandemic) -

274 Classical H3NZ strain numbering

275 Classical H1N1 strain numbering

Chosen reference: MA_H1M1_Human_2005_Californiad7 pok ons for further ress
werity o il n on patient treatment sl

ch and should

= d not be

L = = mainhy comprised of strains that recently infected humans, Therefors, the usage scenario that will give the most

AA in reference: relation to used vaccine strains, including some candidates for avian flu and novel reassortant swine flu
b1 if you are new to FluSurver, There i zlso 2 special note for using FluSurver results in publications.

A& N guerny:

Paosition in reference:

ce selection: auto | Back to Reference Selection

Do SulBET/2012{H1N1), colled
222 map) 2 AA identity % length coverage # mutations List of mutations
statistics for this posit
—
PR HET5Y

5 in structure

=
=1
=3
r=1
b=1
t=1
[}

MA drug sensitivity positions:

r resistance!

equivalent to NA 273 ha

ad mutation report table for archiving or import to Excel

k to Reference Selection

See sl interactions for this position

Based on FoldX structural stability calculations HZTSY is pred
strongly destabilizing which could represent a fitness disad

= 4 55 kcal’meol)

cted to be stitute (BII), Singapore
wantage (3 ina Genomica (INMEGEN), Mexico

Pubbded search for this martation (incheding shernative nsmbsring)

Check for stability
or passage effect
(if available)!



FluSurver — an online tool to make sequence analysis and

The main application =4
and werification of any pf
Chur curated reference 5
fruitful and reliable

H2ZN2v. §

AlSingapore/GN2

Institute
At ETAN

Reference: NA_H1N1_Human_2009_Califernial7 {Structure/Model Details)
Patient/ Sample: A/'Singapore/GHZE5/ 200 HINT)
Mutation{s}: N248D, V106 HZT5Y

‘Wildtype residue only displayed if positicn is part of available structure.

Howver with mouse over residue to see its position number. Right-click for more options.

Jmol_8

See interactions of position N& 248 in related structures.

n MA 108 in relsted structures.
on MA Z7E in relsted structures.

See interadlic f p
See interactions of posi

[ Click to save image |

mutation detection/interpretation easier

=r resezrch znd should idesly be combined with experiments| testing
atment should not be based sclely on these computational predictions,
tt=d humans. Therefors, the usage scenario that will give the most
some candidates for avian flu and novel reassortant swine flu
pecial note for using FluSurver results in publicaticns.

e Selection

# mutations List of mutations
show in structure
3
MA drug sensitivity positions:
26.0.1
Raducad sensitivity or resistance!

mport to Excel

View all mutations
together in structure
or homology model
of reference strain!

13



FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

Our curated reference o
fruitful and reliable
H32N2wv. {

AlSingapore/GN2

Biesrfarma
Instigute
*ETAN

Reference: NA_H1N1_Human_2009_Califerniali |Structure/Model Details)
Patient/ Sample: A/Singapore 285/ Z00HINT)

Mutation{s}: N2480, V108l HZ75Y
Wildtype residue only displayed if positicn is part of available structure.

Howver with mouse over residue to see its position number. Right-click for more options!

ombined with experimentzl testing
on these computational pradictions.

Information of the template of 3NSS used to model NA_H1N1_Human_2009_cCalifornia07

|PDB 1D ERES
|Subtype H1N1
|Strain A/CALIFORNIA/O4/2009
Structure Title THE 2009 PANDEMIC H1M1 MEURAMINIDASE M1 LACKS THE 150-CAVITY IN ITS ACTIVE SITES
PMID of Reference ot Avziable
\iral Protein NEURAMINIDASE
I (Corresponding Chain A

Information of the alignment of NA_H1N1_Human_2009_cCalifornia07 with 3NSS

[ [Tdentity i Length [F-value [Bit Score

[
|100.00 [388 0.0 797

Alignment of NA_H1iN1_Human_2009_California07 with 3NSS used for structural modeling

14

3¥33 GIDKNESIEQDIVSINEWIGYS
[f3_HIN1_200%_CALIFORNIAQT GIDKNESIEQDIVSINEWIGYS
_sen=zvd

VELIRSRFRENT IWI 363313 FCEVNIDTVERIWEDEAELEFTID
VELIRGRFEENT IWISG33I3FCGVNIDTVERIWEDGAELEFTID

QHFELTGLDCIRE

_aln.pe= 10 20 a0 20 €0 70 80 E 100 110 120 130 120 150]
2§33 IVELAGNIILCFVISHAIYSEONSVRIGIKEDVEVIREET, LIQEALL ST IEDRIFYRTIMACFISEVEIEYNIRTES 2ACHDGINWLT 151 36F INGAVAVLEYNEI ITDT IRIWRNNILRTQE IEC]
MA_HIN1_2005_CALIFORNIAQT SVELAGHIILCFVIGWAIYSEONSVRIGIRGDVIVIREETISCIE LIQEALLNDERINGT IEDRSEYRT IM3CF IGEVE SFYNIRFE SVAWI A3 ACHDEINWLT 161 355 DNGAVAVLEYNG I ITDT IRSWRNNILRTQESES]
_consrvd
_aln.pe= 160 170 180 1s0 200 210 220 270 280 250 200
an3s " MTDSEINGRAIYRT FRIERSE IVESVEMNA PN YHYEECSCYED3SETTCVCRE w3E E 3FRYGNEVWIGRTES I 33ANGEEMTWDENGHT]
MA_HIN1_2008_CALIFORNIAQT QR IYRIFRIERSEIVESVEMNAPNYHYEECSCYPDIZETTCT WUSENQNLEYQISYIC: SERYENGVRIGRTEST THDENGHT|
_cenzzvd
_aln.pes 310 az0 aso ag0 amo 280 aso

Jmol_8
interactions of position N& 248 in related structures. CheCk Source and

i
interactions of position W& 108 in related structures.
interactions of position N& 275 in related structures.

[Click o save image template similarity of

See
See
See

structure/nomology model!



FluSurver — an online tool to make sequence analysis and

mutati

The main application scenario for FluSurver is to by

and werification of any predicted phenotypes. Impol
Owur curated reference sequences used for annotatk

fruitful and reliable results are current survg

H3N2v. Fleass tzke = look at the Fref

Known effect({s) of mutations at position equivalent to
your mutation:

Protein: N&
Influenza type: Human HIMNL (20063
Mutation (as in paper): H274Y
neutral Ad: H
neg, eff. A& Y
Effect: strong drug resistance
{drug name in comments)
Comment:
Tamiflu but not Relenza resistance (Table 3)
Literature reference

(Mutation HZ24Y in the paper is at an equivalent position of the
mutation in yous query)

Publfed ;-

U5 Natianal Library of Medicine
National Institutes of Health

| PubMed ~||
Advanced

Display Settings: () Abstract

Artimicrob Acents Chemother. 2008 Sep;52(9):3284-92. doi: 10.11284AC 00555.08. Epub 2008 Jul 14.

Surveillance for neuraminidase inhibitor resistance among human influenza A anc
worldwide from 2004 to 2008.

Sheu TG, Devde VM, Okomo-Adhiambn M, Garten R, Xu ¥, Briaht B, Butler EN, Wallis TR, Klimov A, Gubareva Lt
Infuenza Division, Mational Certer for Inmunization and Respiratory Diseases, Certers for Disease Cortrol and Prevertion, Atland

Summary of critical drug sensitivi ositions

Effect ose to drug in

Ref.num. X
annotation 3D structure {<5A)

Residue Type

V118 wt 116 (N2) sensitive
no known effect

Al i (common wildtype AA)

118 (N2)

E119 wit 119 (N2) sensitive
- 24 (NS no known effect
S | | L (common wildtype AA)

wt 136 (N2) sensitive

wt 151 (N2) zensitive

wit 155 (N2) sensiive

wt 156 (N2 no known effect
: - ' (common wildtype AA)
wt no known effect

) (common wildtype A&)
wit ) sensitive

no known effect

Rt (common wildtype AA)

wt E ) sensitive

wt no known effect
{common wildtype A&)
wit i) sensitive
wi i) sensitive
no known effect

et (common wildtype AA)

wt no known effect
’ (common wildtype A4}

wii 46 (N2) sensitive
no known effect (mt)
effect
sensitive
sensitive

no known effect
(common wildtype AAY

no known effect
(common wildtype AAY

no known effect
(common wildtype AAY

sensitive

no known effect
(common wildtype AAY

DISCLAIMER: This table is not suitable to unambigously determine drug
resistance but should rather serve to help selecting candidate
positicns/mutations that may have an effect for further experimental testing.
Vicinity of a mutation to the drug in 3D structures does not automatically
imply an effect on the drug and reguires further careful modelling andior
experimental testing. Most of the available effect annotations refer to
specific subtypes and may hence not apply exactly to your guery. Please
read the annotation carefully and follow up the provided links to the original
literature to judge whether a similar effect on drug sensitivity for your query
may be plausible.

fected humans, Therefo

tation easier

Check drug
summary table!

rther ressarch znd should idezlly be combined with sxperimentzl testing
treatment should not be based sclely on these computational pradictions.
=, the usage scenario that will give the most
ng some candidates for avian flu and novel reassortant swine flu

2 special note for using FluSurver results in publicaticns.

ce Selection

e # mutations

List of mutations

r import to Excel

V106l H2480, H275Y
show in structure

MA drug sensitivity positions:

1

or resistance!

Jmol_$

nviral chain A [yellew

See all 18 interactions for this position

Clickto save image

[Foein I
[Bubtype [Not availsble
[Stisin =

oo reterencell 20
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Also useful for analysis of other segments!

Query Best reference hit % AA identity % length coverage # mutations List of mutations

V2T
show in structure

o

M2 AMisconsin/G7/2005(HINZ)
find closest related sequences

RMNM4541200051|H3 clade 3BJNZ

7=
=]
=
[=x]
=
=]
bt
L
[
=5
-

M2 drug sensitivity positions:
16, 0.2

Reduced sensitivity or resistance!

»
——

Known effect(s) of mutations at position equivalent to your mu[

Protein: M2 I

Influenza type: Duck (live poultry market) H3N2 |5 Summary of critical drug sensitivity positions
Mutation (as in paper): V271 = Effect Close to drug in
Residue Type Refnum. CTTTETET 3D structure (<5A)
neutral Ad: -
L26 wi 25 sensitive 30D
neg. eff. aa: [ = N = =
. . V2T mt £t effect 3D
Effact: mild drug resistance (drug name i . " et -
- 0 W & SENSIVE
comments) - — =
N31 wi M effect 3D
Comment:
. . k
conferred Amantadine resistance (Table 1. 133 wi 33 (CU;%UT:L;DE
Literature reference Qs wt 24 sensitive
{Mutation V271 in the paper is at an equivalent position of the mutation in v
query) il 1 wt 35 no knuw_n effect )
(common wildtype AA)
0 m l = : HaT wt 7 no known effect " — "
= = (common wildtype AA) Known effect{s) of mutations at position equivalent to
. . 38 wt 8 no known effect an your mutation:
If WT residues in =L e A
L40 wt 40 T Gz 3D Protein: M2

. (common wildtype AA)
reference Stralns - no known effect Influenza type: Human HlNl {2007)
(common wildtype AA) = Mutation (as in paper): S31N

are associated with — @ eutrol AM: S

(common wildtype AA)
neg. eff. aa: N

| | . k flect
reSIStance It WIII be - o :3 (CU:'IEII'I'IUFII'IU\\:iII-IdteYD':F\A} = Effect: Strong drug resistance
shown in drug - siong drug resistance
(common wildtype AA) U

Comment:
bl | Re5  wt a5 TOmITT ETEE an Amantadine resistance (Table)
SU m m ary ta e . e Literature reference

(Mutation S31N in the paper is at an equivalent position of the
mutation in your query)

Bioinformatics
Institute
R
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M.... Summary of FluSurver features 2013 (<4l

Institute
A*STAR

Mutation numbering scheme

o = conversion (e.g. H3, H1, Hlpdm) Passage bias
g and direct PubMed search link (egg/cell adaptation)
Sl‘ 72 NCBI_Resources ) How To &
'Q__)'_‘ 2 5 O+ Puh'l!led : Py 1 doR NA) AND (R289K OR R293K OR R292K)
S reference o )
@ homology Literature-curated
—~+
O models mutation effect database
= ) ~250 entries
= Literature
| E" — mild drug resistance 19
PD Stru CtU re strong drug resistance 30
virulence 68
1568 self/oligomerization antigenic drift / escape mutant 74
975 other small ligand
268 antibody Interactions host specificity shift 21
188 host protein other 12
182 antigen-presenting
MHC molecule
132 other viral protein
46 drug — ey =5
45 nucleic acids e D
13 | host cell receptor Closest DB hits Temporal pattern 7
3417 total interactions : s 1 o St e S R @ Keida Q.
for 2062 positions ETRE e i e sassices : s e e : o
/ | & o &° " >
. . il o= v Q
Glycosylation site changes = = | ff‘v‘:‘fi -
) (= e 0
A A THAAN ’\ o 0%
- e
I mendelbi.a-star.edu sg/METHODS usurver/eta/MUTATIONS/HTNS_Human_2013_Shanghs2/HA_RESM_co-occur html - Google Chrome QL
i = = T = L 1 o
(@]
(@]
C
- . S
G D
FoldX stability calculations I— S
Region £0cc. Date of collection(YYYYMMOD) (D

Genomic co-occurrence




Coming up: FluSurver inside GISAID
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matics Institute - Google Chrome

Welcome News

Registered Users EpiFlu™ FAQ My profile About GISAID

dBrowse #4 Back to results ‘J' Worksets  Upload

Batch Upload  § ] Settings 3 Analysis

e meape scaeario that wil give the most
, including some candidates for avian e o novel rakssortant mwine fl
There & %o a soecial note for using FluSurver results in publications.

Fruitful and reluble pseraplpatio parmpe s muences with very close rel
3N2v. Piaase take 3 look at the Eraguently As and Tutorial ¥ you are new

mparison with reference selecton: HTNT_Human_2003_Netherlands219 [ Back to Reference Selection |

Best reference hit % AA identity % length coverage # mutations List of mutations

V181 5201 V6! L1504, D190, 1195V, 12054, 1218V,
Q2421 [262M, E286G. N314D. E328R. R347G. T419N, R423K. M436I
v

Lbii.a-star.edu.sg/MET

7_Human_

eference: HA_H7N7_Human_2003 19 1 Details)
atient/Sample: HA_A/Anhui/1/201

utation(s): AS50V, S201, 1195V, 21
330 M426| E228R, R347G, N464D, E286G, |
due only displayed if po

1252M, N314D, R423K. V18l T419N,

@242L

th mouse over residue to see i

Y181 5201 v63) 1218V,
B&HLEZ&_QJ&LQJ&LJ_DEJLM

Right-click here to mutation report tab

€

mendelbila-star.edusg

HA Q242L

Key to akernative position numbering

240 FluSurver numbering
(absolute as in 2009 H1N1 pandemic]
HA1226 Classical H3N2 strain numbering

HA1223 Classical HIN1 strain numbering
Chosen reference: HA_H7N7_Human_2003_Netheriands219
Position in reference: 242
AA in reference

AA in query

A combination of mutations including the position equivalent to HA 242 has bee
reported in the literature to be related to host specificity shift

As seen in resolved structures of proteins from
relsted strains, the HA position equivalent wtation is involved in

See all i ctions for this position

|_] mendel.bii.a-star.edu.sg

eta/EFFECTS/HI @

comparable to those of wild ty;;.vEscape mutant MAb
HC68
Literature reference

(Mutation L226P in the paper is at an equivalent position of the
mutation in your query)

Protein: HA
Influenza type: Human H3N2 (N/A)
Mutation (as in paper):Q226L
neutral AA:Q
neg. eff. AA: L
Effect: host specificity shift
Comment:
Increasing affinity of receptor-binding to SA_2,6Gal and
decreasing affinity to SA_2,3Gal (Tablel.).
Literature reference

(Mutation Q226L in the paper is at an equivalent position of the
mutation in your query)

~

Contact: flusurver@aisaid.org
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