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From the sequence and structure we can partially 5
deduce important properties of the virus
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* Infect different hosts ¢ Spread more easily
* More or less severe * Antigenic drift, drug resistance
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Simply paste/upload your sequence(s): Get list of identified mutations

o EluSurvey.

Query Best reference hit

. - Result for comparison with reference selection: HIN1_Human_2009_California07 ack to Reference Selection
http://flusurver.bii.a-star.edu.sg L Back o Reforence Salecin |

% AA identity % length coverage # mutations

HA
ACalifornia’l H1N1)
find closest ralated sequences

P100S 5220T, D235G
1338V

show in structure

HA_H1N1_Human_2005_Norway32
gil268578354]gb|ACZ56080.1|
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B nment " .
Align DNA or Proteins
@] N | Aesnarvzn . s w2 1
IR ET— ...or analysis menu =R
B X | womow 9 FluSurver » N e |t
from GISAID’s EpiFlu
Get exhaustive annotation for each mutation
Reference: HA_H1N1_Human_2009_California07 ( Structure/Model Details)
Patient/Sample: HA_H1M1_Human,_: Morwa 3 gil 854|gb|ACZ56080.1|
Mutation(s): 1338V, 52207, P100S, , D23
Map of cities with the HA D239G mutation esidue isplayed if position is part of available structure,

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

HA D239G

Key to alternative position numbering:

nag FluSurver numbering
Attantic - (absolute as in 2008 H1M1 pandemic }
SR HA1 225 lassic al HIND strain numbering
e, AP HA1 222 d
AR 5? Chosen reference: Alternatlve

Position in reference:
Ahin reference:
Adin query:

numberings

[The city with red label indic
lappearance of the mu
label. Number in the lal
label indic ates that there are 10

or more occurrences in that city

joccurrences below 3 are not labeled in the map above.

IAs there are too many cities with viral isolates carrying this mutation, cities with number of

label indic ate later
mutation has the green
in that city. A dot in the

Mutation HA D238G alr HA
sequence) in 28 countries. The first strain with this mutation, collected in April 2008,
was ATexas/11/2008(H1N1). The mutation most recently umed in strain A/New

York/08/2014(H1N1). collected in April 2014. (see map)

See detsiled global statistics for this position

BES

Structure models

| G N G R A mutation at the position equivalent to HA 238 has been reported in the literature
. =3 - to be related to host specificly shifl. Known effect(s) of mutations at position equivalent to
. your mutation:
s A combination of mutations including the position equivalent to HA 239 has been
reported in the literature to be related to host specificity shift.
Protein: HA
As seen in resolved structures of proteins from
related strains, the HA position equivalent o your mutation is invohed in: Influenza type: Avian, Human H1N1 (2009)
A - host cell recentor binding
- yiral pligomerization interfaces Mutation (as in paper): D222G or D225G
§ - binding small igand(s AGE
- antibody recagnition sites neutral AA: D
Frequency of mutation over time Sea sl interactions for this position neg. eff. AA: G
100 e .
PubMed search for this mutation (i Effect: hOSt SDEC\fIC\ty Shlft
Comment:
Number of occurences HA D239G is also referred to in the literature as D222G
75 : ;
Countries without data |:| or D22§G using alternative (e.g. seasonal H1/H3)
numberings. It has been found to alter host c
specific L r
w0 like alpha ~
ciliated h 2
25
R, Literature reference
<] (Mutation D222G or D225G in the paper is at an equivalent position of the
2009 2010 2011 2012 2013 mutation in your query)
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TUTORIAL FOR USING FLUSURVER
IN EPIFLU



First steps: find, select and add isolates to analyze from the EpiFlu™ database

w
Welcome News Registered Users

a Browse

EpiFlu™

© 2008 - 2013 | The GISAID Foundation | Terms of Use | Contact | System Reguirements

FAQ

My profile About GISAID

IL‘IJ Worksets 3 Upload Batch Upload 5:] Settings

i =S

You are logged in as Sebastian Maurer-Stroh - logout

E Analysis

Released files

edit MName |solate (D Subtype Haost Collection date Fassage FB2 PE1 PA HA NP MNA MP |
AdAnhui 12013 EFI_ISL_138735 HTNS Human 2013 E1 T80 174 pa B 1683 1487 1358 52 1
. AiShanghail2i2013 EPI_|SL_138738 HTHS Human 2013 E1 2280 2274 HH 1683 1487 1338 982 i
A/Shanghai/1/2013 EFI_ISL_13873T HTNS Human 2013 Ei X280 2374 pa B 1683 1487 1358 882 1
cee
1 | 1
Total: 3 isolates 1

Search in results |

| € covack | | () Heb |

After selecting strains on the left, click add to analysis

s e
Choose analysis

Aligr DNA or Proteins

ASIEERIE | st of third party servers
AjShanghsi/1)

FluSurver

FluSurver

Select “FluSurver”

b ' Copyto...

Add to analysis I _-3 Downloadl




Next steps: Select proteins to analyze[1], e.g. HA, then click on continue [2], wait for
submission form to load and then click “Analyze with FluSurver” [3].

Welcome News

a Browse g Back to results L__IJ Worksets ':g Upload Batch Upload i_—] Settings

Reagistered Users

EpiFlu™ FAQ My profile About GISAID

E Analysis

Filter

Seguence name

) Align DNA (NC) @ Align Proteins [(AA)

[Tan Ene Elpz B HA Elmi Elmz Elemz Elomz Elwm Elna Clne EInsit Cnep Clns2 Elpa Cles

AlAnhui1/2013 (HA)

A/Shanghail1/2013 (HA)

EE O

A/ShanghaiZ/z013 [HA)

1-F2 O pe1 [CHE O PE2

EP1/WWSS-Nr |=olste name NCEI-Id Length
EPI432507 AdAnhuis 12013 1683 {compl)
EFI4334858 A/Shanghsi/1/2013 1683 (compl)

EFI423507 AiShanghsi/2/2012

1583 (compl)

Note: unless one
wants to compare
to a specific
selected reference
strain, the drop-
down option can
be left at default
which is an
automatic
detection of the
closest reference.

% Automatic detection of closest reference (larger selection of st

© 2008 - 2013 | The GISAID Foundation | Terms of Use | Contact | System Reguirements

(g Ei! l’

Welcome

You are legged in as Sebastian Maurer-Stroh - logout

News Registered Users EpiFlu™ FAQ My profile  About GISAID

&) settings

‘6 Browse g Back to results l'LJ Worksets g upload

Batch Upload

‘_'g Analysis

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 annotatien 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 and novel reassortant swine flu
H3N2v.

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

Loaded protein sequences of your selected isolates for FluSurver analysis:

»HA_A/Shanghai/2/2013_138738 -
MNTQILVEALIAIIPTNADKICLGHHAVSNGTKVNI LTERGVEVVHATETVERTNI PRICSKGKRTVDLGRCELLGT ITGPPQCDQFLEFSADLITERREGSDVCY PEKEVNE|
EALRQILRESGEIDKEAMGFTYSGIRTNGATSACRRSGSSFYAEMKWLLSNT DNAAF PQMTRS YRNTRESPALIVHGIHHSVSTREQTKLYGSGNELVTVESSNYGQSFVESP
GARPQVNELSGRIDEHWLMLNENDI VT FSFNGAFIAFDRASELRGKSMEIQSEVQVDANCEGDCYHSGETIISNLEFQNIDSRAVGHC PRYVEQRSLLLATGMENVEEIPEGR,
GLFGAIAGFIENGWEGLIDGWYGFREQNAGGEGTARDYRSTQSATDQITGKLNRLIERTNGQFEL I DNEFNEVEXQIGNVINWTRDS ITEVWS YNAELLVAMENGHT IDLADS
EMDXLYERVERQLRENAEEDGTGCFEIFHKCDDDCMAS IRNNT YDHSKYREEAMQNRIQIDPVKLS SGYRDVILWE SFGASCEILLAIVMGLVE ICVENGNMRCTICT

>HA A/Bnhui/1/2013_138739
MNTQILVEALIALIPTNADKICLGHHAVSNGTKVNI LTERGVEVVHATETVERTNI PRICSKGKRTVDLGRCELLGT ITGPPRCDQFLEFSADLIIERREGSDVCY PGKEVNE
EALRQILRESGEIDKEAMGFTYSGIRTNGATSACRRSGSSFYAEMKWLL SN DNAAF PQMT RS YRNTRESPAL IVHGIHESVSTAEQTXLYGSGNELVTVESSNYQQSEVESE
GARPQVNELSGRIDFHWLMLNPNDIVT FSFHGAFIAPDRASELRGKSMEIQSEVQVDANCEGDCYHSGETIISNLPFQNIDSRAVEECPRYVEQRSLLLATGMENVPEIPEGR

Please select the reference strain(s) to compare to:

gins, not always full genomes, NOT SUITED to judge reassunmem}E

Analyze with FluSurver

Continue

Clear list

Warning:

In the current EpiFlu
version, there can be a
server time-out if too
many sequences are
selected, <20 sequences
for analysis should work
fine.
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Result for comparison with reference selection: HTN7_Human_2003_Netherlands219 | Back to Reference Selection

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

V181, 5201, VB2I, . T150A, D180S5, 1956V, . T208A, 1218V,

Q2421 1252, E286G, N314D, E328R, R347G, T4159N, R423K, M4361,

HA_AANhUI/2013_138739 203HNT) 96,071 58.418 22
. P237T [2521, E286G, 1232D, H298Y, 314D, E328R, R347G
A_AIS 12013_138737 AN d 96.07 58218 a7 -
HA_AIShanghaii1/2013_1 r“f“:j_'f” o7 1 22 R423KK, M436], NAGAD, 5150
A show in structure
V181, 5201 VB3I, 71374, T150A, D180, 1185V, T208A, 1218V,
p : .
HA_A/Shanghsi2/2013_138738 AlNetheria 96.071 98.418 op Q242 12620 E286G, N314D. E328R, R347G, T4191, RZIK 14381

J2003(HTNT)
seguences

find close

show in structure

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

Back to Reference Selection

For each of the query sequences, there are six columns of information generated in the result
summary page. From here, users may proceed to look at the query sequence's alignment to the
reference strain, get more information on each mutation, generate a structural view of all the
mutations in the query sequence ("show in structure") or view a summary of the mutationsin a
table to download (at end of results).

More details on browsing the results further can be found online at:
http://flusurver.bii.a-star.edu.sg/help/tutorialpage.html#part2
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QUICK REFERENCE FOR BROWSING
FLUSURVER RESULTS



Mutation identification in sequence and 3D structure
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, the usage scenario that will give the most
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a special note for using FluSurver resutts in publi

Result for comparison with reference selection: auto

Back to Reference Selection

[M Bicinformatics Institute - Google Ch

/gisaid2.ble.de/

AID/flusur

& https out

Query

Best reference hit

% AA identity % length coverage # mutations

List of mutations

2008, V241

Patient/Sample: A/Maryland 6 I_ISL_
Mutation{s): V13! V53l L40[ 134V, V241 I3714M,

005, N386K 5, H2TSY

ity esidue only displayed if position is part of available

Reference: NA_H1N1_Human_2009_California07 (Structure/Model Details)
16 | EPI AHTNT |

ftmp/tmp_NA_HIN1_Human_

K, V2641 T48A K432E 1321V, N3BIK

structure.

Marv 06201 1 1 NA ¥ in struch ! . . . . .
‘Nﬂaﬂ‘aﬂd‘ﬂﬁ'ég_ﬁ?lIE;}I_T!’?\‘L‘,IZZ 2090|2016~ e ADTRO0SMHING 96375 100.000 7 show in struclure Hover with mouse over residue to see its position number. Right-glick for more options
1ind closest relted seoences TRHPETLE BT
6/2016 | EPLISL_221634 | 2016- N ‘show in structure
05-20 | AFINA | AlCalifornia/D7/2009(H1N1) ~ 96.802 100.000 15
Iosest related sequences NA drug sensitivity positions:
33,
r . TR . NA show in Struclure
AR e A 22 AcairomianT2oDsHINT 96302 100.000 5
1ind closest relted seoences NA drug sensitivity positions:
ity or resistance!
V31, 134V, L4DI, N445, N20DS, V2411, N248D, V2641, N270K
A 273l H275Y, 1314M, 1321V, N369K, NIBOK, K432E
. 1289 show in structure
e A T2 22 AcaliforniaiO7/2009(H1NT)  36.588 100000 16
Iosest related sequenc NA drug sensitivity positions:
33,0.1
n TRIT . . NA show in Struclure
Wy 1161 _ ‘show in structure
Ao T o 129" wcaiomiabrzo0sHinNy 96802 100.000 5
1ind closest relted seoences TRHPETLE BT
Rightclick here to save/download mutation report table for archiving or import to Excel
Back to Reference Selection
FluSurver-JSmol
2008 - 2016 Freun e mprint Terms of Use Contact - - land
f | Spin ON | Spin OFF | Shve IMAGE |
See interactions of position NA 270 ip related structures -
Query Best reference hit % AA identity % length coverage # mutations List of mputations

viaryland/06/2016 | EPI_
05-17 | AH1INT |

SL_221290 | 2016-

MNA
AJCalifornia/07/2009(H1N1)

find closest related seguences

86.375

531, N2005, V2411, N248D,

100.000

NA drug sensitivity positions:

33,

.1

Reduced sensiti

ity or resistance!




Detailed mutation information
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TR e e RS e T T e el o it ey Vil sl et e strains,
Pl it

H3N2v. the Freguently Asked Questions and Tutorial if yor a special note for using FluSurver results in publications
“ Result for comparison with reference selection: auto | Back to Reference Selection | NA H275Y
Key to alternative position numbering:
Query Bestreference hit % AA identity % length coverage # mutations List of mutations 275 FluSurver numbering
(absolute as in 2009 H1N1 pandemic)
VA31, 134V, 40|, N445, T48A, V531, N200S, V241], N248D 274 Classical H3N2 strain numbering
™ N369K, N366K, K432E T - —— 3 =
¢ 06201 129 16- tructure ] assical H1N1 strain numbering
T i~ 1221 acaliomian7/a000H1NY 86375 100,000 17 - .
find closest related sequente: NA drug sensitivity positions: Chosen reference NA_H1N1_Human_2009_California07
T Position in reference: 275
— AAIn reference: H
——
V131,134V, L40, N445, N200S, V2411, N248D, V2641, N270K AAIn query:
. T . . NA show in structure
ANew York/3612018 | EFLISL_221634 12016 aiitomiain7zo0s(HiNT 96,802 100.000 15 ) . . )
05-20 | AHINT | losest relaled sequences N drug sensitivity positions: Mutation Hq H275Y already s::er d 577 times (3 25% of all samples wit!
33, this mutation, collected in May
ity o resistance! 9. The mutation most recently occurred in strain
..1' MA, collected in April 2016, (see map)
V131, 134V 1401 N445 N200S, V2411, N248D V2641 N270K ailed glab..\ statistic s for this position
™ H275Y, 1314M, 1321V, N369K, N3AGK, K432E
AlPennsylvania/25/2016 | EPI_ISL_221283| , . N% . : SR
2016-05-17 | AH1N1 | AlCalifornial)7/2008(H1N 96802 100.000 g Ep— — A mutation at the position equivalent to NA 275 has been reported in the literature to be
Iosest related sequences NA drug sensitivity positions: .
related to mild drug resistance and strong drug resistance.
sitivity
A combinati nutations including the position equivales >een reported
T R T N44$ "ZDDS ST TR SRR [T A combination of mutations including the position equivalent to NA 275 has been report:
H2T 321 in the literature to be related to strong drug resistance.
o NA srw, in structure
J 9 SIOW M SUUCINE
A 22! wcaiomia7z008MING 95,583 100,000 16
d closest related seguences NA drug sensitivity positions: As seen in resolved structures of proteins from
33,0,1 related strains, the NA position equivalent to your mutation is invelved in
- drug binding
See all interactions for this position
n A0 1 1 NA
AMyoming/16/2016 | EPLISL_221287 | 2016~ , . .. . . ‘ 1
05-17 | AHINT | ;}Ei‘g:;!ﬁﬁ;ﬁufi'zr:"ﬂ 96802 100.000 g Based on FoldX structural stabilty calculations H275Y is predicted to be strongly
- destabilizing which could represent a fitness disadvantage (ddG = 4.55 keal'mol)
Right=click here to mutation report table for archiving or import to Excel Publed search for this mutation (including sternative numberi
Back to Reference Selection
6 Freun n GISAID e.V. mprint Terms of Use Contact
Query Best reference hit % AA identity % length coverage # mutations List of mutations
V131, 134V, hjuiniuien T 484, V531, N2005, V2411, N248D,

AlMaryland/06/2016 | EPL_|

_ 221200 | 2016-
05-17 | AH1INT |

AJCalifornia/07/2009(H1N1)

MNA
86.375 100.000 17

find closest related seguences

V2641 N270 HE?‘SY IB14M, 1321V, NIG9K, N3B6H, K432E
W in structure

NA drug sensitivity positions:




Alternative numbering information

NA H275Y

Key to alternative position numbering:

FluSurver numbering
(absolute as in 2008 H1N1 pandemic)

Classical H3NZ strain numbering
2756 Classical H1M1 strain numbering
Chosen reference: NA_HIN1_Human_2009_Californialy
Position in reference: 275
Afin refarence: H

W

275

AA N query:

Mutation MA H2T5Y already cccurred 577 times (3.25% of all samples with MA
sequence) in 31 countries. The first strain with this mutation, collected in May 2009, was
AiMexico city/C1A10/2005. The mutation most recently occurred in strain
AlMurciaf20 16_MA, collected in April 2016. (see map)

See detailed global statistics for this position

A mutation at the position equivalent to NA 275 has been reported in the literature to be
related to mild drug resistance and strong drug resistance.

A combination of mutations including the position eguivalent to NA 275 has been reported
in the literature to be related to strong drug resistance.

As seen in resolved structures of proteins from
related strains, the NA position eguivalent to your mutation is invobeed in:

- drug binding

See all intersctions for this position

e d =]

Based on Foldx structural stability ¢ alculations H275Y is predicted to be strongly
destabilizing which could represent a fitness disadvantage (dd = 4.55 kcal'maol)

PubMed search for this mutation (including alternative numbering)




Geospatial and temporal occurrence

—)
: NA H275Y
;4 EUROP . . == 2 i
Provih 4 RS 7 <o Key to alternative position numbering:
= . ‘ "73 578 FluSurver numbering
AFRIC. . .
(absolute a5 in 20008 HIMY pandemic)
Dot _ 274 Classical H3N2 strain numbering
e g 275 Classical H1M1 strain numbering
Google Map data ©2018 Chosen reference: MA_HIN1_Human_2009_Californial7
The city with red label indicates first appearance of the mutation. City with label indicate Fasition in reference: 275
later appearance of the mutation. The city with the most recent appearance of the mutation has th )
green label. Number in the label indicates frequency of occurrence of the mutation in that city. Ad AAIn reference: H
in the label indicates that there are 10 or more occurrences in that city. . s
AAn query: Y
|As there are too many cities with viral isolates carrying this mutation, cities with number of
occurrences below 7 are not labeled in the map above
Map of countries with the NA H275Y mutation Mutation MA H275Y already occurred 577 times (3.25% of all samples with M4
sequente)} in 31 countries. The first strain with this mutation, collected in May 2009, was
Adddexico city/ClA10/2005. The mutation most rec ently cccurred in strain

AMurcia201v2016_NA, collected in April 2016. (gee map———

/SEE detailed global statistic s for this position

B ot

A mutation a

/\ [ httpsi//gisaid2blede/GIS X
C' | @ https;//gisaid2.ble.de/GL ifornia07/H1N1_NA_new_mutations_table. htm
Frequency of mutation over time
—— NA-I314M
— NA-I321V
NA-I34V
— NAK432E
— NA-L40l
Number of occurences — NAN200S
—— NA-N248D
—— NA-N270K
IWutation statistics for NA at positign 275 — NA-N369K
. . . —— NA-N386K
AA #0cc. %  Geo Digtribution Co-occurrences  NANMS
X 57 ).32 Based on F — NAS82P
¥ 577 {geo) {co-oceur) destabilizing NA-V1061
— NA-W13I
17
H 16891 reference aa reference aa Pul 0 1”2y
R 1 {conEeur) s 2010 2011 2012 2013 2014 2015 2016
ALL 17543 100.00

Sequences were comparad to reference strain A/California/07/2008 ACQE3272.
Last updated on Jun 25th 2016 by Raphael Tze Chuen Lee e e chart abare <
will appear to be empty if ths

erage yearly frequency of mutations in NA. Only mutations that were presentin more than 30 percent of circulating strains in any of the years were represented in t
are no mutations that met this threshold in the protein

Abave are the occurrences of all amino acid residues at position 275 in NA. For statistics Accession  Protein Strain WildtypeAA Position MutatedAA Freguency Date of collection(YYYYMMDD) Remarks
of all position in NA in this subtype click here: H1N1 NA mutations table EFLISL 61168 NA ! M ' - ! 200e0701 Lo-peeny
EPIISL 105030 NA N 2 H 2(geo) 20101129 {cooceun
EPIISL 61372 NA r N 2 | 4igeo) 20090710 {cooccun)
EPIISL 103740 NA  2012702607_208232_vi_6 N 2 D 1 20111212 {co-occur)
EPI ISL_30173 NA ANew 3/2000 N 2 k) 20090429 (co-occur)




New:
phylogenetic
context of
mutation in
NEXTFLU

Direct link to

HA G158R

Key to alternative position numbering
156 FluSurver numbering
(absolute as in 2009 H1IN1 pandemic)
Classical H3N2 strain numbering
Classical H1N1 strain numbering
HA_H3N2_Human_2016_SingaporelNFIMH-16-0019

HA1 142
HA1 139
Chosen reference

Position in reference: 158
AA in reference: G
AA in query R

Mutation HA G158R already occurred 1708 times (44.78% of all samples with HA

AlCameroon/16V-4959/2016. The mutation most recently occurred in strain
Alswine/Oklahoma/A01678529/2017, collected in December 2017. {see map)
See detailed global statistics for this position
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sequence) in 15 countries. The first sirain with this mutation, collected in June 2016, was

A mutation at the position equivalent to HA 158 has been reported in the literature to be

related to antigenic drift / escape mutant.

About Methods <

A combination of mutations including the position equivalent to HA 158 has been
reported in the literature to be related to antigenic drift / escape mutant

. B _ As seen in resolved structures of proteins from

Showing 2095 of 2095 genomes, fi related strains, the HA po: equivalent to your mutation is involved in:
- viral oligomerizaf

ng_small |

- - amlbudy recognition sites
Phyloge ny See all interactions for this position
-

Genotype at HA1 site 1424

Ms | Ke
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- M«

PubMed search for this mutation (including alternative numbering)

MNEW: Phylogenetic context for this mutation at NEXTFLU
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Phenotype information

Protein: WA
Influenza type: Human H1N1 (2006)
Mutation (as in paper): H274Y
neutral AA: H
neg. eff. AA:Y

_strong drug resistance

Effect: .
(drug name in comments)
Comment:
Tamiflu but not Relenza resistance (Table 3).
Literature reference
(Mutation H2Z74Y in the paper is at an equivalent position of the mutation
in your query)

v ||influenza AND (neuraminidase OR NA) AND (H275Y OR H274Y)|
Create RSS Create alert Advanced

PubMed

Format: Summary » Sort by: Most Recent - Sendto~

Search results

ltems: 1 to 20 of 323 Page [{ | of 17 | Next>  Last>»

Competitive Fitness of Influenza B Viruses Possessing E119A and H274Y Neuraminidase Inhibitor

Resistance-Associated Substitutions in Ferrets.
Pascua PN, Marathe BM. Burnham AJ, Vogel F. Webby RJ, Webster RG, Govorkova EA
& Jul 28;11(7):e0159847. dei 10.1371/journal pone.0155847. eCeollection 2016,
Free Article \
Influenza A(H1N1)pdm0% virus exhibiting enhanced cross-resistance to oseltamivir and peramivir
due to a dual H279Y/G147R substitution. Japan. March 2016.
Takashita E, Fujisaki S, Shirakura M. Nakamura K, Kishida N, Kuwahara T, Shimazu Y, Shimomura T,

Watanabe 5, Odagiri T. Influenza Virus Surveillance Group of Japan.
Euro Surveil. 2016 Jun 16;21(24). doi: 10.2807/1560-7917.ES.2016.21.24.30258.

NA H275Y

Key to alternative position numbering:
FluSurver numbering

275 (absolute as in 2008 H1N1 pandemic)
274 Classical H3NZ strain numbering
2756 Classical H1M1 strain numbering
Chosen reference: NA_HIN1_Human_2009_Californialy
Position in reference: 275
Afin refarence: H

W

AA N query:

Mutation MA H2T5Y already cccurred 577 times (3.25% of all samples with MA
equence) in 31 countries. The first strain with this mutation, collected in May 2009, was
AiMexico city/C1A10/2005. The mutation most recently occurred in strain

AlMurcia201002016_NA, collected in April 2016. (gee map)
See detailed global statistics for this position

A mutation at the position equivalent to NA 275 has been reported in the literature to be
related to mild drug resistance and strong drug resistance.

A combination of mutations including the position eguivalent to NA 275 has been reported
in the literature to be related to strong drug resistance.

As seen in resolved structures of proteins from
related strains, the NA position eguivalent to your mutation is invobeed in:

- drug binding

See all intersctions for this position

Y
LTy

Based on FoldX structural stability ¢alculations is predicted to be strongly
@abilizing which could represent a fitness disadvantage (ddG = 4.55 kcal'mol)

PubMed search for this mutation (including alternative numbering)




Number of Annotations

Literature-curated genotype to phenotype effect annotations

Effect Type # Annotations Example:
host SpECiﬁCity shift 136 Known effect(s) of mutations at position equivalent to
. your mutation:
virulence 106
antigenic drift / escape mutant 84 protein: HA
strong drug sensitivity change 40 Influenza type: Avian, Human HIN1 (2009)
‘ o Mutation {as in paper): D222G or D225G
mild drug sensitivity change 30 neutral AA: D
other 23 neg. eff. AA: 5
Effect: host specificity shift
total (2019) 419 Comment:
HA D239G is also referred to in the literature as D222G
or D225G using alternative (e.g. seasonal H1/H3)
. numberings. It has been found to alter host cell receptor
Annotations per SUbtype specificity from human alpha-2,6 to also include avian-
like alpha-2,3 sialic acid which is more common in
120 ciliated human cells of the lower respiratory tract. While

this mutation has been found in higher proportions in
severe cases, it is IMPORTANT to note that it also can
100 occur as egg or cell culture adaptation. Therefore, its
effect would only be relevant for surveillance if the

mutation is also found in the original clinical sample.

80 Literature reference

(Mutation D222G or D225G in the paper is at an eguivalent position of the
mutatien in your query)

60
40 NS2, 12 PB1, 12 ML, 8 PB1-F2, 1
PA, 17
20 M2,17 _— 4
NS1, 23 Annotations per
O .

2 Z2 2 £ Z2 2 2 22 2 222222 2

N = N S on NN N0 O wn wn XN < AN

I T T QO xr T T E‘ I T T T T T T T T

NP, 45



Structural interaction and stability information

=
@,

[ NA_275_1BOV_A 273 - Google Chrome

~=71

& https://gisaid2.ble.de/GISAID/flusurverout/INTERACTIONS/NA/

| Spin ON | Spin OFF | Save IMAGE |

Description:
The mutation position (red atoms) corresponds to position 273 on viral
A (yellow backbone) and is within 5 A from drug RA2 (pink atoms).

»

NA H275Y

Key to alternative position numbering:
FluSurver numbering

275 (absolute as in 2008 H1N1 pandemic)
274 Classical H3NZ strain numbering
2756 Classical H1M1 strain numbering
Chosen reference: NA_HIN1_Human_2009_Californialy
Position in reference: 275
Afin refarence: H

W

AA N query:

Mutation MA H2T5Y already cccurred 577 times (3.25% of all samples with MA
sequence) in 31 countries. The first strain with this mutation, collected in May 2009, was

AlMurcia201002016_NA, collected in April 2016. (gee map)

See detailed global statistics for this position

A mutation at the position equivalent to NA 275 has been reported in the literature to be
related to mild drug resistance and strong drug resistance.

A combination of mutations including the position eguivalent to NA 275 has been reported
in the literature to be related to strong drug resistance.

As seen in resolved structures of proteins from
related strains, the NA position eguivalent to your mutation is invobeed in:

- drug binding

T~

See all intersctions for this position

Based on Foldx structural stability ¢ alculations H275Y is predicted to be strongly
destabilizing which could represent a fitness disadvantage (dd = 4.55 kcal'maol)

PubMed search for this mutation (including alternative numbering)




Analysis — FluSurver for Mutation Interpretation

Important disclaimer:

FluSurver makes it very easy to link mutations with prior literature and
potential phenotypic effects.

While we have placed great emphasis on avoiding false positive alerts
and provide tutorials, one still needs to read the associated papers and
interpret the provided evidence carefully to judge any effect realistically.



EXAMPLE FINDINGS WITH
FLUSURVER



New drug sensitivity altering mutation NA S247N

b o
@
s L ]
Global occurrence of new variant Structural context of mutation
Drug effect mutation detected in FluSurver Found circulating in 10% of samples in
: Singapore and 30% of samples in Northern
Australia in early 2011.
f°-°.°"... ; 1 Experimentally measured increase of IC50

t f' A , for Tamiflu by 6-fold and Relenza by 3-fold
' 3 but normally administered dose of drugs
still sufficient.

Phylogenetic context of new variant

Bioinformatics  Co/laboration with NPHL/Ministry of Health Singapore and

Insti
AESTAR I WHO Collaborating Centre for Reference and Research on Influenza.



Mutation frequency pattern highlights relevant changes

FoldX stability for
N1pdm in FluSurver

W NALE21Y
/ W NA-KSaN .

Frequency of mutation over time

100

NA-N200S
Il NA-N248D >
S I NA-N369K 41
W NA A4S g 3
I NA-Q45H T 24
0 NA W NA-SE2N 21
W NA-V106] <0
W NAV241] a1
_z 4
25 3
H275Y H275Y+ H275Y+ H275Y+ H275Y+ H275Y+ N386S V2411  N369K
N386S V2411 N369K N369K+ N369K +
V2411 V2411 +
0 N3865

2009 2010 2011 2012 2013 NA Mutations

Frequency of mutation over time

100

= New H275Y permissive mutations

B o Hurt et al. J Infect Dis. 2012 Jul 15;206(2):148-57.
b W A E510K Butler et al. PLoS Pathog. 2014 Apr 3;10(4):e1004065.

M HAH155Q
HA-1338V

W HAK18
W HA-K300E

e Change in pH-dependency of fusion
W HAP200S Maurer-Stroh et al. PLoS Curr. 2010 Jun 1;2:RRN1162.

W HA-S101G

B HA-51606 Cotter et al. PLoS Pathog. 2014 Jan;10(1):e1003831.

W HA-S202T

50

25

172V

2009 2010 2011 2012 2013

Temporal frequency plot in FluSurver



Addition of Glycosylation to Influenza A Virus Hemagglutinin Modulates Antibody-Mediated
Recognition of HIN1 2009 Pandemic Viruses. Job ER, Deng YV, Barfod KIK, Tate MD, Caldwell N,
Reddiex S, Maurer-Stroh S, Brooks AG, Reading PC.
J Immunol. 2013 Mar 1;190(5):2169-77.

15000

10000+

HI titre

5000- *k

RS > o
z 3 z R
| i S Glycosylation
y change
detection in
FluSurver

Ab

Glycan at 136

Addition of a glycan to A(H1IN1)pdm HA through a K136N
mutation was associated with resistance to neutralizing
Abs and showed enhanced growth in A(HIN1)pdm-
vaccinated mice, consistent with evasion of Ab-mediated
immunity in vivo.

Bioinformatics
Institute

A*STAR



New reference strains (e.g. H7N9, H5N8) constantly added to FluSurver
E.g. HS5N8 Emerg Infect Dis. 2015 May;21(5):860-3.

- @ 2008 - 2014 | The GISAID Initiative | Terms of Use | Contact | System Requirements W ot

m ") mendel.bii.a-star.edu.5g/METHOD! JTATIONS/HSN. Ll [

You are logged in as Sebastian Maurer-Stroh - logout [ mendel.bii.a-star.edu.sg/METHODS/flusurver/beta/MUTATIONS/HS!
. . IMap of cities with the HA A201E mutation =
Welcome MNews Registered Users EpiFlu™ FAQ My profile About GISAID
0:/,?]/ Stockholm
a =t i - . N e Baitic ses ||
é Browse ; Back to results LL-J Worksets 3 Upload Batch Upload Ej Settings 3 Analysis E r n l |
uropea nly |
- United Denima N
— {N Kingdom —_—
Ireland @ @ ! Hm‘gmgs 1
relan ertin
Londop S T roes Poland
< \Belgiun)l 5 Sermany
‘1?7\ ogne SPrague Krakow
= Czech R A~
Ll “Munich Bunslavaé Slovaki
~Vaduz - Austria
H
The main application scenario for FluSurver is to highlight phenatypically or epidemiclogically interesting candidate mutations for further research and should ideally be combined with experimpntal testing and LN, France 4%3" “zagen ""‘{’:
werification of any predicted phenotypes. Impartantly, any direct diagnostic use, assumed severity or recommendation on patient treatment should naot be based solely on these computational predictions, Cur Eoogle Turigo °’°""“”“—7
curated reference sequences usad for annotation transfer of equivalent mutstions are mainly comprised of strains that recently infected humans. Therefore, the usage scenario that will give the most fruitful The city with red label indicates first sppearance of the mutation. City with {abel indicate later
and reliable results are current surveillance sequences with very close relation to used vaccine strains, including some candidates for avian flu and novel reassortant swine flu H3N 2v, Plezse of the mutation. The city wi ecent appearance of the mutation has the
take a look at the Frequently Asked Questions and Tutorial if you are new to FluSurver. There is also 2 special note for using FluSurver results in publications. &’32".;1‘;?‘.“2'.2';2?&"3‘\"(7155?2“{oaﬁfsmféfg c yrrzfnr:)ias%g;:‘atec;y"me e -

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

E.g. 3 HA mutations relative
to Korean H5N8 shared
e among European cases

SASWIR structure AzolE (A189E)
Latest R __ : " strong surface

_ 97P. AZ01E 1390V (® m.mmmme,Gm.,.m...E@;ﬁ
A/Brlsbane/OZ '
NA_AICh/Nether A /K a_n Sa S /1 4‘/ 2 0)
B/Colorado/06/2017

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

2014{H5NE) -

HA,_A/Ch/Netherlands14015506/2014_167s05 A Albaikal tealKorea/Donglim:

HA_Alduck/Englan

HA_Afturkey/Ger

change at
common epitope
(antibody
binding site)

S197P (S185P)
Structural change
near receptor
binding site but
effect not yet
reported in

A190T
show in structure

MA drug sensitivity positions:

S5164P N1B6S, K186M, A190T
show in structure

MA drug sensitivity positions:
27, 0,0

Optional egg- and cell-versions

show in structure —

@z for H3N2 since;2012 e 2T e

literature
“Ocean;
AFRICA 100,000 4 [TV, Ya38| RAOTS KE23R 1390V (145V)
__________________________________________________ Conservative
N SOUTH V338l R497S V511L, KE99R H
N paciic AMERICA 100,000 4 T showin sousre change at site
AUSTRALIA i Ocean .

O i chiving or impert to Excel - reCOganed by

See interactions of position HA 197 in related structures “ . ”
Se interactions of position HA 390 in related Structures.  + unilversa |

“ »

H5N8 analysis available on GISAID platform stem antibodies




Virus culture/passage bias is a common problem for flu vaccine production!

Often like original

@ ’ MDCK/SIAT cells
(mammalian host)

———> Egg adapted

+ H172Q, G202V, S235Y

Eggs (avian host)
also used for vaccine production!




AlTexas/50/2012(H3N2) - seasonal - old H3 vaccine - egg-denved (ES)
AlTexas/50/2012(H3N2) - seasonal - old H3 vaccine - cell-derived (M1/C2)

N eW : yo u Ca n C h O O S e egg_ A/Switzerland/9715293/2013(H3N2) - seasonal - old H3 vaccine - egg-derived (E4/E2) :ﬁ'\:P
E

A/Switzerland/9715293/2013(H3N2) - seasonal - old H3 vaccine - cell-derived (§182/582)

d e r i Ve d refe re n C e H 3 N 2 S A/HongKong/4801/2014(H3N2) - seasonal - old H3 vaccine - egg-derived (E5S/E2) ke

A/HongKong/4801/2014(H3N2) - seasonal - old H3 vaccine - cell-derived (C4/52)

( d Efa u It) O r C e I I - d e r i Ve d A/SingaporeINFIMH-16-0019/2016(H3N2) - seasonal - current H3 vaccine - egg-derived (E5/E1)

A gapore 6-00 016 easona o e ell-denved
I I
Ve rS I O n S H Allndiana/10/2011(H3N2v) - swine-origin H3N2 with M segment from human H1N1pdm - vaccine candidate
Automatic detection of closest reference (larger selection of strains, not always full genomes) v

Additional settings:

! ignore low quality bases for nucleotide input (indicated by lower case, except for all lower case sequences)

do not show result if alignment coverage is below 50% (useful for analyzing assembled contig files from NGS runs)

The main application scenario for FuSurver is to highlight phenotypically or e
verification of any predicted phenotypes. Importantly, any direct diagnostic u Submit || Reset |(estimated time needed: ~2 seconds per sequence in automatic mode)
curated reference sequences used for annotation transfer of equivalent mut;
fruitful and reliable results are current surveillance sequences with very dose relation to used vaccine strains, induding some candi§ates for avian flu and novel reassortant swine flu
H3M2v. Please take a look at the Frequently Asked Questions and Tutorial if you are new to FluSurver. There is also a special note fdf using FluSurver results in publications.

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

Query Best reference hit % AA identity % length coverage # mutations List of mutations
A cell_HA_H3N2_Human_2012_Texass0_cell HA AT f;?ﬁzdogféﬂei’:g; 99,647 100.000 2 202G, EBOS
cell HA_H3N2_Human_2013_Swilzerlandg715293 HA A’%ﬁgfﬁg:ﬁﬁ;ﬁiﬂiﬁ;&gH3'\'2} 9.470 100.000 3 S Kaias
cell_HA_H3N2_Human_2014_HongKong4s01_cell HAJAHong HA LUHongKang480 ;'zije‘;(;g“?) 99.470 100.000 3 SN KITST 21
cell_HA_H3N2_Human_2016_SingaporelNFIMH-16-0019_cell A A/SingaporelNFIMH-16-0019/2016(H3N2)  gq g7 100,000 2 Jarer

find closest related sequences

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

Warning: this reference selection includes sequences of strains without complete genomes, e.g. only HA and NA available/included. Therefore, hits of other
segments to different reference strains do not represent reassortments. Please see also this help section regarding reassortments.

Back to Reference Selection

Developed by A*STAR Bioinformatics Institute (BIl), Singapore
Bioinformatics Copyright © 2018 BIl. All Rights Reserved.

Institute

H3N2 vaccine strains in cell-derived

Comparison of current and last 3
vs egg-derived versions

A'STA



Comparison of database content with passage

annotation
A H3N2 H1N1
B Clinical Specimen [ Single [ Multiple [ Ambiguous
» 60000 1
Q@
©
o
£ 40000 -
o
3
g
o - - .
0 —
Total GISAID Openﬂu Total GISAID Openﬂu

DuPai CD, McWhite CD, Smith CB, Garten R, Maurer-Stroh S, Wilke CO.
Influenza passaging annotations: what they tell us and why we should listen.
Virus Evol. 2019 Jun 30;5(1):vez016.



Passage bias sites and host specificity mutations

(A) Same virus (H3, H1s, H1p) 4 Viruses (H3, H1s, H1lp, H5) (B)
passaged in different cell types 4 cell types (ORIGINAL, SIAT, MDCK, EGG)

Direct passage . Statistical passage ~80000 sequences
. . ~800 strains . . . .
bias evidence bias evidence 2 time periods
SSDP ODDS

(© \Ov'p/ (D)
SSDP QDDS-TH1

19 sites shared by all 3 sets (red),
35 sites shared by 2 sets (orange)

ODDS-T2

Lee RTC, Chang HH, Russell CA, Lipsitch M, Maurer-Stroh S. Influenza A Hemagglutinin
Passage Bias Sites and Host Specificity Mutations. Cells. 2019 Aug 22;8(9). pii: E958.



Influenza quasi-species and FluSurver

Q: What is a quasi-species?
A: A group of viruses that are closely related and co-exist in the host but with a twist or two ...

lllustration by Bjorn Koel
(Amsterdam UMC)

T1 T2 T3 “
o 000 000 000 |
c_% A(cons) : - - +
£ B(quasi) - + +

Early detection

193N

Dimitar Kenanov
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Summary of FluSurver annotations

GISAID

Mutation numbering scheme

FoldX stability calculations
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FluSurver acknowledgements ...
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Fishing for Flu Mutations since 2009!



FULL REFERENCE FOR BROWSING
FLUSURVER RESULTS
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You are legged in as Sebastian Maurer-Stroh - logout

Welcome News Registered Users EpiFlu™ 7:1e] My profile About GISAID

Qﬁ Browse ‘3 Back to results |I—_IJ Worksets 3 Upload . Batch Upload ij Settings ﬁ Analysis

infected humz 9 L
cludlng some candldates fDr avian flu and novel reassortant swine flu

W comp
eli Ie results are current suwelllance sequem:es ; with verv clnse ralatlnn tD used wvaccine stralns
ked Questio special note for using FluSurver results in publicaticns.

ns and Tutorial f you are new to FluSurver, There i

Result for comparison with reference selection: HTN7_Human_2003_Netherlands219 | Back to Reference Selection

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

V181, 5201, VB2I, . T150A, D180S5, 1956V, . T208A, 1218V,

Q2421 1252, E286G, N314D, E328R, R347G, T4159N, R423K, M4361,

HA_AANhUI/2013_138739 203HNT) 96,071 58.418 22
. P237T [2521, E286G, 1232D, H298Y, 314D, E328R, R347G
A_AIS 12013_138737 AN d 96.07 58218 a7 -
HA_AIShanghaii1/2013_1 r“f“:j_'f” o7 1 22 R423KK, M436], NAGAD, 5150
A show in structure
V181, 5201 VB3I, 71374, T150A, D180, 1185V, T208A, 1218V,
p : .
HA_A/Shanghsi2/2013_138738 AlNetheria 96.071 98.418 op Q242 12620 E286G, N314D. E328R, R347G, T4191, RZIK 14381

J2003(HTNT)
seguences

find close

show in structure

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

Back to Reference Selection

For each of the query sequences, there are six columns of information generated in the result
summary page. From here, users may proceed to look at the query sequence's alignment to the
reference strain, get more information on each mutation, generate a structural view of all the
mutations in the query sequence ("show in structure") or view a summary of the mutationsin a
table to download (at end of results).

More details on browsing the results further can be found online at:
http://flusurver.bii.a-star.edu.sg/help/tutorialpage.html#part2



http://flusurver.bii.a-star.edu.sg/help/tutorialpage.html

33
FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

the usage scenario that will
including some candidates for avian flu and novel

o 2 special note for using FluSurver results in publications.

give the most fruitful and reliable results are current surveillance sequences with very close relation to used vaccine strain
the Freguently Asked Questions =

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

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

reassortant swine flu H3N2v.

HA AJCalifornia

AMGUNMAT4/2014 | EPLISL_159395 JOTI2009(H1N1) om e 52027, 52207, A273T, K300E, 1338V,
2014-04-22 | AHIN1 | Japan find closest related T LR i . 548N, E516K
show in structure:
sequences

NA AlCalifornia i Sﬁli. K432E
show in structure

AMHIROSHIMA-C/26/2014 J07/2009(H1NT) R
EP_ISL_162078 | 2014-05-30 | AJH1N1 find closest relsted 87655 100.000 n N P
NA drug sensitivity positions:
segquences 33,01
Reduced sensitivity or resistance!
AT
AMIROSHIMA/STI2014 | EP| IS ;!-UI;:'EEE:["}:TNH;E T, P1005, D114N, K180Q, 5202T, S220T, A273T, K300E, 1328V,

97 880 100.000 12 . 468N, E516K

2014-05-19 | AUH1 N
show in structure

find closest related
seQUEnces

m

—
Tachyon 11364 hits T‘h; " g 5 Length: 469 o Views: Plain | Jalview | Raw i Downloads: FASTA | MAFFT | Raw . Params: internal, NCBI NR-24070523 seque
Time: 15.854s o xYE
Rank Score ,E gé%ﬁ §E Hit Seq ~/Filter: [ Databases: @al Opoe ORefseg O SwissProt/UniProtks % Limit: @250 O 1000 Onone
1 1.0 GFBAT - - ¢i]|251748198|gh|ACT10319. 1| neuraminidase [Influenza A virus (AfHong Kongf2369/2009 (H1H1)) ]| 254548844 |gh|ACT67256. 1] meural
2 0.9914 GFBAT - - gi|300117086|gh|ADJ67981. 1| newraminidase, partial [Influenza & virus {(A/Perthf26272009(HI1H1))]
3 098718 GFEB AT - gil326320245|gb|ADZ53143.1| neuraninidase [Influenza A4 wirus (A/Hong Eong/FFD/2009(HI1NL)) ]
4 098294 GFEBAT - - gil291219999|gb|ADDE4685.1| neuraninidase [Influenza 4 wirus (A/Mexico/InDRE797/2010(HLN1))]
S 097872 GFEBAT: - gil251833646|gb|ACT22016.1| neuraninidase [Influenza A4 wirus (A/0saka/180/2009 (H1NL))] .
6 097872 GFEAT: ' gil294544923|gb|ADFL0108.1| neuraninidase [Influenza A virus (A/Ontario/25913/2009(HINL))]gil 307071058 gb|ADN24730.1] neuran FI nd Closest refe re nce
7 097872 GFEBAT:' ' gil29454444]1|gb|ADFl0049,1| neuraninidase [Influenza A wirus (A/Ontario/l0016/Z009(HINL)) Jgi]| 294544523 gh |ADF10059. 1| neuram.
8 097872 GFeAT:  gil239751814|0b|ADT40477.1] neuraninidase [Influenza 4 wirus (A/Netherlands/2445b/2009(HIN1))] . .
9 097872 GFEAT:  gil325451706/0bl|ADZ13521,1] neuraninidase [Influenza A4 wirus (&4/Lyon/48,49/2009 (HIN1))] t d d t b h t I
10 097872 aFeaAT: ' gilZ94611205|gb|ADF27356.1] neuraninidase [Influenza A wirus (A/Taiwan/6663/2009 (HIN1))] S ra,l n an a a ase I S »
11 097872 GFeaT: : gil326320207 0gb|ADZ53124,1| neuraninidaze [Influenza & virus (A/Hong Kong/Z3369/2009 (HIN1))]
12 007E72 GFRAT: - gil425786025|gb|AFX96841.1] neuraminidase [Influenza A wirus (A/¥iet Nam/12032005/2009(HIN1))]
13 0097872 GFR AT - qi|316986112|gh |ADU76312. 1| neuraninidase [Influenza & virus (A/England/00380009/2009 (HIN1)) ]gi|316986114|gb|ADU76313.1] nen
14 097872 GFe AT - - gil295147036|gb|ADFE0503. 1| neuraminidase [Influenza & wirus (A/8eoul/1870/2009 (HIN1))]
15 097872 GFeaT - - gil307071034|9gb|ADN24716.1| neuraminidase, partial [Influenza & wirus (A/Canada-AB/RVZE26/2009 (HIN1))]
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FluSurver — an online tool to make sequence analysis an
mutation detection/interpretation easier

y the usage scenario that will
relation to used vaccine strains, including some candidates for avian flu and novel
= special note for using FluSurves results in publications.

L n tr u mipr

give the most fruitful and reliable results are current surveillance sequences with very close

reassortant swine flu H3N2v. P

Freguently Asked Questions Tutorial

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

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

HA AJCalifornia

ANGUNMA/T4/2014 | EPLISL_159395 JOTI2009(H1N1) i T y P1005, D114N, K130Q, %ﬂgﬁ;%‘ K300E, 1238V,
2014-04-22 | A/H1N1 | Japan find closest related o S - 54681, E916K
- show in structure
sequences

NA AlCalifornia NIZBEK, KA32E

show in structure:
35 100.000 1
SHA_HINL Human 2009 California? N drug sensitivity positions:
i 229396469 gh| ACQE3272 | neuraminidase [ITnfluenza i virus 33,0.1
(A/california/07/2009 (HIN1) | ] USA20050409 Reduced sensitivity or resistance!
Length = 469
Seore = 989 bits (2558), Expect = 0.0
Idencicies = 466/469 (99%), Positives = 469/469 (100%) 14T, P100S, D114N, K180, 5202T, 52207, AZT3T, K300E, 1338V,
e T, P100S, D114N, , 5202T, S220T, A2T3T, K300E, 1338V,
0 100.000 1z . 5468N, ES16K
Query: 21  MNPNQRIITIGSWCMTIGMANLILQIGNIISIWISHSIQLGNQNQIETCNQSVITYENNT 200 show in structure

MMPHQRTITIGSWCHT IGHANL TLOTGNT IS TUTSHS TOLGHCHQIE TCHOSY I TYENNT
Shjct: 1 MMPNORIITIGSWCHTIGHANL ILOTIGHT IS TU ISHS IOLGHCONQIE TCHQSVITYVENNT &0

m

Query: 201 WVNQTYVNISNTHFAAGQSUVSVELAGHSSLCPVSGWALITSKDNS IRIGSKGDVFVIRER 380
WWNQTYVHISNTHF A LGOSVVSVKL AGNSSLCPYSGTAT FSKDNS+RIGSKGDVFVIRER
Sbjct: 61 WVNQTYVNISNTHF AAGOSVVSVKLAGHSSLCPVEGVAT TSKDNSVRIGSKGDVFVIRER 120

Query: 381 FISCSPLECRTFFLTOGALLNDEHSNGTIKDRSPYRTLMSCFIGEVPSFYNSRFESVAUS 560
FISCSPLECRTFFLTQGALLNDEHSHGTIKDRSPYRTLMSCE IGEVPSE YHSRFESVADS
Sbjct: 121 FISCSPLECRTFFLTOGALL TIKDREPYRTLMSCP IGEVPEPYNSRFESVAUS 180

Query: 561 ASACHDGINWLTIGISGFDNGAVAVLKYNGIITDTIKSWRNNILRTQESECACUNGSCFT 740
ASACHDGINWLTIGISGPDNGAWAVLKYNGI ITDTIKSWENNILRTQESECACYNGSCFT
Sbjct: 181 ASACHDGINWLTIGISGPDNGAVAVLKVNGIITDTIKSWRNNILRTQESECACVNGECFT 240

Query: 741 VHTDGPSDGOASTRIFRIEKGKIVRSVEMUAPNYYYEECSCYPDSSEITCVCRDNWHGSN 920
VHMTDGPS+GQAS FEIFRIEKGE IVESVEMIAPHT+VEECSCYPDSSE I TCVCRDNWHGSH
Sbict: 241 VHTDGPSNGOASYRIFRIFKGKIVKSUVEMAPNYHYEECSCYPDSSEITCUCRDMNWHGSN 300

A —— Check alignment to reference hit!

RPUWSFNONLEYQIGY ICSGIFGDNPRPHDKTGSCGF KGFSFEYGNGVIIG
Sbjct: 301 RPUWSFHONLEYQIGYICSGIFGDMPRPNDKTGSCGPVSSNGANGVKGFSFRYGNGVIIG 360

Query: 1101 RTESISSRNGFEMIWDPNGWTGTDHNFSIKQDIVGINEWSGYSGSFVQHPELTGLDCIRE 1280




FluSurver — an online tool to make sequence analysis and
mutation detection/interpretation easier

Black
Green

Blue

Magenta

Red

.0 . No known effects
(least significant)

0 Common

1 At site of interaction

Addition or removal of

N-glycosylation sites

At site known to
involved in drug-
binding, alter host-
specificity.

At site known to alter
virulence, cause drug
resistance, reverses
premature STOP
codon in PB1-F2.

3

(most significant)

selection: auto

how in structum
12
NA sensitivity positi
23,01
duced sensitivity or resistance

" . 5468N, E516K
show in structure

134V, L401, H445, . N1885. N2005 w2411 N2430,
@ 57K, H2T5Y, |321V, N369K, H3865, 1385R, KA32E
show in structure
16
NA drug ;

Reduced sensitivity or resistance!

le for archiving or import to Excel

W

Check list of mutations!
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FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

NA H275Y

Key to alternative position numbering:

FluSurver numbering
{absolute as in 2009 H1M1 pandemic)
Classical H3N2 strain numbering
Classical H1N1 strain numbering
NA_H1N1_Human_2008_Californiady

Pasition in reference: 275

Chosen reference:

A& in reference:

A& in gquery:

uivalent to NA 275 h

UDI’; CnLg resistance.

See sl intersctions for this position
on FoldX structural stability calculations H2T5Y is predicted
strongly destabilizing which could represent a fitness disadvantag

= 4 &5 kcal'medl)

Publed search for this martation (incheding stternative nsmbsring)

the usage scenario that will
ng some candidates for avian flu and nowvel
s 2ls0 2 special note for using FluSurver results in publications.

th reference selection: auto Back to Reference Selection ]

show in structure

MA drug sensitivity positions:
23,01
Reduced sensitivity or resistance!

" . 5468N, E516K
show in structure

134V, L401, H445 N1835. H2005, V2411, N2430,

show in structure

MA drug sensitivity positions:
32, 0.1
Reduced sensitivity or resistance!

n report table for archiving or import to Excel

ptics Institute {Bll), Singapore
Medicina Gencmica (INMEGEN), Mexico

-~ FluSurver...

| »

Click on mutation of interest for details!
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FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

s
NA HZTEY Vap of cities with the NA H275Y mutation
Key to alternative position numbering:
FluSurver numbering
{absolute as in 2009 H1M1 pandemic)
Classical H3N2 strain numbering - .
Classical H1N1 strain numbering close relation to used vaccine str:
Chosen reference: MA_H1M1_Human_2009_Californiad? ‘
Pasition in reference: 275
A& in reference:
A& in queny:
Widexico cityClA = y with red label indicates first appearance of the mutation. City with label
occurred in strain Ao Grande Do Su 02y }, col 2012, ndicate |ater appearance of the mut t appearance of the
: mutation has the green |a ence of the
mutation in that city. A ences in
hat city
cities with nu
>
= 4 &5 kcal'medl)
ptics Institute {Bll), Singapore
earch for this mutation (incheding atermative numbering) Medicina Genomica (INMEGEN). Meumber of occurences
Countries withcut data D 1 D:]D-. £
#0Occ. Date of collection(YYYYMMDD)
N z
Check for geographic occurrence pattern! i
. 8
z
4
4 -




FluSurver — an online tool to make sequence analysis and
mutation detection/interpretation easier

NA H275Y

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

Classical H3N2 strain numbering
Classical H1N1 strain numbering
NA_H1N1_Human_2008_Californiady

Pasition in reference: 275

Chosen reference:

A& in reference:

A& in gquery:

See sl intersctions for this position
on FoldX structural stability calculations H2T5Y is predicted
strongly destabilizing which could represent a fitness disadvantag

= 4 &5 kcal'medl)

Publed search for this martation (incheding stternative nsmbsring)

ris
close relation to used vaccine strains, inche

re ne

to FluSurver. Th

o = special note for usin,

the usage scenario that will
ng some candidates for avian flu and novel
FluSurver results in publications.

ith reference selection: auto

Back to Reference Selection ]

show in structure

R

MA drug sensitivity positions:
23,01
educed sensitivity or resistance!

" . 5468N, E516K
show in structure
124V, L40I, H445, . N1885, N2005, V2411, N2480,
57K, 5Y, 1321V, N369K, 3865, |389R, K432E
show in structure
16

R
-t table for archiving or import to Exce
Bl

ence Selection

tics Institute {Bll), Singapore
Medicina Gencmica (INMEGEN), Mexioy

Check if there are other mutations

at same position!

MA drug sensitivity positions:
32, 0.1
=duced sensitivity or resistance!

P

Mutation statistics for NA at position 275

AA #Occ. %

H g 0.10
o 197 248 [gec) [co-occur)
12 0.18
H 7740 97.26 reference aa reference aa
ALL 7958 100.00

Geo Distribution Co-occurrences

Seqguences were compared to reference strain A/California/07!
Last updated on Sep 02nd 2013 by Raphael Tze Chuen Lee

|4bove are the occurrences of all amino acid residues at position 2

in M4 in thiz subtype click here: H1N1 NA mutaticns table

7E,

in MA. For statistics of all position
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FluSurver — an online tool to make sequence analysis and

The line d‘s't sbove shows the frequency of mutations in NA

Frequency of mutation over time

100
75

50 —
25

, AN
1@9“"& °b°1qc§-‘» BN Q\Q"’D‘ Q?LQ\O ,SQ\\ Q\\Q’k ?p\ ,LQ\?»?LQ\'L‘-"“ \1@\1@\?% \3‘{;) af

over tim

W NA-ATEG
W NA-H2T75Y
NA-321V
W NA-K432E
W NA-N200S
W NA-N248D
W NA-N2EIK
W NA-N44S
W NA-PO3F
W NA-S52N
W nA-T215]
W NA-VA06I
W NA-V241]
W nA-VE1E

; of the months were

Strain
(AJ1taly/127/2009{H1N1),
{A/FPoland/203/2003{H1N1))
A/Kenya/ 071/ 2010{H1N1))
{A/New Yor 2028/ 200H1N1})
A/ Texas/443127023/2002(H1N
{A/Pernambuco/120824/2012{H1N1})
{A/Lorestan/159V200H1N1
{AlJiangsu/SE2/2008{H1N
{A/Hualong/SWL1213/2002H1N1})
{A/South Carclina/Z3V2008{H1N1))

(A/Singapore/ONBTE/2008(H1N1))
{AXian/001/2002{(H1N1

{A/California\VROLES/Z00MHTN1J)
{A/Thailand/CU-B2357/2010(H1N1
(A/Lima’WRAIRSESBF/2009H1NT})
[AQingdac/1215/2008(H1N
[ATH =r'ys 071/2010{H1N

WildtypeAA Position MutatedAA Frequency

M

- R RERFREARRRD

1

B ba R R

IS

@ mo@m mo@ omom oen o

MEI A - A FMEOWNIT -

o
5

5 r
a3

MF“
S 2

5

5
jul

~ W MR W Mmoo
i
N1

Date of MYYYMMOD) Remarks
20020700 j{==ul==114]
20020710 {co-oocur)
20101128 {co-oocur)
20090428 {co-occur)
20080821 [co-oocur)
20121002 {co-oocur)
20090727 {co-oocur)
20091110 {co-occur)
20081118 [co-oocur)
20080723 {co-ooour)
20090814 {co-oocur)
20090700 {co-occur)
20080708 [co-oocur)
20020803 {co-ooour)
20091017 {co-oocur)
20100420 {co-occur)
2008082 [co-oocur)
20080812 {co-ooour)
20101128 {co-oocur)

emic)
fring
fring
lorni=dy

mutation detection/interpretation easier

the usage scenario that will
me candidates for avian flu and novel

Y @321V, N3GIK,

sitivity positions:
33,01
sensitivity or resistance!

m

S202T, 52207, AZ73T, K300E, 1338V,

. S463H, ES16K
how in structure

N1885, N2w135, \|"241I H2480,

g sensitivity positions:
32, 1.1
sensitivity or resistance!

d [Mutation statistics for NA at position 275

AA  #0cc. % Geo Distribution Co-occurrences
H g 0.10
o 197 248 [gec) [co-occur)

12 0.18

H 7740 97.26 reference aa reference aa

ALL 7958  100.00

Sequences were compared to reference strain A/California/07/2009(H1N1
Last updated on Sep 02nd 2013 by Raphael Tze Chuen Lee

3M53851.

|4bove are the occurrences of all amino acid residues at position 275 in NA. For statistics of all position
in M4 in thiz subtype click here: H1N1 NA mutations table

Check for temporal mutation
frequency changes!

39



40
Mutation temporal frequency pattern highlights relevant changes

Frequency of mutation over time . .
Frequency of mutation over time

100 W NAI321Y 100 W NAI321Y
/ W NA-K84N W NAI34V

NA-N200S NA-K432E

. W NA-N248D i M NA-N200S
I NA-N369K 75 M NA-N248D
W NA-N44S I NA-N269K
W NA-Q45H r M NA-N39TK

o NA W NA-SE2N o N A W NA-N44S
W NA-V106] W NA-R220K

W NA-V241] W HAT2S

W nAv241)
25 / 25 W NAved
0 — 0 /\

2009 2010 2011 2012 2013 O o® b P @l R @ gtk g g0 o o
I T At R

Frequency of mutation over time

100

= New H275Y permissive mutations
e Hurt et al. J Infect Dis. 2012 Jul 15;206(2):148-57.

W HA-E391K

W HA 516K Butler et al. PLoS Pathog. 2014 Apr 3;10(4):e1004065.

M HAH155Q

W HAK180Q
W HA-K300E

B icoos Change in pH-dependency of fusion
M HA-P200S Maurer-Stroh et al. PLoS Curr. 2010 Jun 1;2:RRN1162.

W HA-S101G

HAS150 Cotter et al. PLoS Pathog. 2014 Jan;10(1):e1003831.

W HA-S202T

172V

2009 2010 2011 2012 2013

Example HIN1pdm in FluSurver



FluSurver — an online tool to make sequence analysis and
mutation detection/interpretation easier

= F2245

V14| P2245 KT1E

5

V344M 13541

N488S

tion walent to MA 273 has

ed to mild drug resistance and =

(=1

on FoldX structura] stability calculations H2
strongly destabilizing which could represent a fitness disadvantage

= 4 55 kcalimeol)

arch for this mutation (incheding sltemsative mmbering)

Check for co-occurring mutations!

Fa22L

G41R N443

G41R M44E

P
M M2 Hs1 NS2? Date of collection(YYYYMMDD}
HaTsY
N248D HZT5Y . . .
| N248D H2T5Y
| N243D H2T5Y E462K - - - -
I HaED S13N 20120220
L115F 1123V

HZ

HZ

show in structue

100.000 16

mutatiuo report table for archiving or impg

to Reference Sewtion

iginformatics Institute |

), Singapaige
cicnal de Medicina Gencmica {INMEGI

erved.

MA drug sensitivity positiong
22,01

Beduced itivity or resi oe

7L,

Mutation statistics for NA at position 275

AA #Oce. %  Geo Distribution Co nccurrences
H ) 0.10
il 197 2.48 {gec) {co-oocur)
13 0.18
H 97.26
ALL 100.00

Sequences were compared to reference strain A/Californial
Last updated on Sep 02nd 2013 by Raphael Tze Chuen Lee

|4bove are the occurrences of all amino acid residues at position 275 in NA. For statistics of all position
in M4 in thiz subtype click here: H1N1 NA mutaticns table
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FluSurver — an online tool to make sequence analysis and
mutation detection/interpretation easier

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

Protein: M,
Influenza type: Human HIN1 (20063
Mutation {as in paper): H274Y
neutral a4: H

NA H275Y
Key to alternative position numbering:
FluSurver numbering

[ ¥

275
= {abselute as in 2009 H1M1 pandemic) neg. eff. Aa: Y
274 Classical H3M2 strain numbering ’ strong drug resistance
275 Classical H1N1 strain numbering with very close relatan to us B2t (drug name in comments)
Chasen reference: MA_H1N1_Human_2009_Californis07 e oy Comment:
initi:-n inf'EfE'Eﬂﬁi ELE arison wit redlence seiectid Tamiflu but not Relenza resistance {Table 3)
refere N F H
"*-": L"_ eference. Literature referance
AN QuUETy: A (Mutation H2»4Y in the paper is at an equivalent position of the
mutation in yourgquery)
Mutation MA HZTEY already occumred
nce) in 27 countries, The 100,000 1 showliy srucre
=, W 'V_Ex oo in"'-'ul‘" H-_N_:]; _T'E mutat ] MA drug sensitivis sositions:
ocoured in strain ARio Grande Su 2012{HINT), =
{see map) y <3 NCBI

tziled globsl statistics for this position

m

Publ&ed.gou PuUbMed ~]|

U5 Mational Library of hedicine
Hatianal Institutes of Health Advanced

Display Settings: () Abstract

Artimicrob Agerts Chemother. 2008 Sep; 52090 3254-92. doi 10.1128/8AC.00555-058. Epub 2005 Jul 14,

Surveillance for neuraminidase inhibitor resistance among human influenza A and B viruses circulating
slent to your mutstion worldwide from 2004 to 2008.

- dinug banding Sheu TG, Deyde Wi, Okamo-Adhiambo M, Garten RJ, 0 ¥ Bright BA, Butler EM, Wallis TR, Klimay Al, Gubareva LY,

Influenza Division, Mational Center for Immunization and Respirstory Dizeases, Centers for Dizease Control and Prevention, Atlanta, Georgia 30333, USA.

See sl intersctions for this position

on FoldX structural stability calculations H2ZT5Y is
strongly destabilizing which could represent a fitness disadvantage (ddG

= 4 55 kocalmeol)

Pl-lblmf-‘d-avv Publed influenza AND (neuraminidase OR NA} AND (H275Y OR H274Y)

US Nations Library
National Institutes of FJRSS Save search Advanced

Show additional filters Display Settings: [¥] Summary, 20 per page, Sorted by Pub Date Send to:
PubMed search for this mutation {incheding sttermative msmbering)

= = = —— Article types . =
Clinical Trial Results: 1 to 20 of 239 Page [1 |of12 Next> | Last>> e
Review [[] Neuraminidase inhibitor susceptibility surveillance of influenza viruses circulating worldwide during
More "

1. the 2011 Southern Hemisphere season

Text availability Okomo-Adhiambo M, Sleeman K, Lysén C. Nguyen HT. Xu X, Li Y, Klimov Al. Gubareva LV.
Abstract available Influenza Other Respi Viruses. 2013 Sep;7(5):645-58. doi: 10.1111/inv.12113. Epub 2013 Apr 10.

PMID: 23575174 [PubMed - in process)
Related citations

Free full text available
Full text available

C h eC k fo r aSSOC I ated | Ite ratu re I Publication [[] Eunctional and structural analysis of influenza virus neuraminidase n3 offers furiher insight into
. dates 2. the mechanisms of oseltamivir resistance
5 years LiQ Qi) Wu'Y. Kiyota H, Tanaka K. Suhara Y. Ohrui H, Suzuki Y. Vavricka CJ. Gao GF.
10 years JVirol. 2013 Sep;87(18):10016-24. dai: 10.1128/V1.01129-12. Epub 2013 Jul 3.
Custom range PMID: 23824808 [PubMed - in pracess]

Related citations
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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) by interests
274 Classical H3N2 strain numbering = o
275 Classical H1N1 strain numbering with very |
Chaosen reference: NA_H1N1_Human_2009_Californial? el
Pasition in reference: 275
A in reference: H TETNTE,
A& in gquery: b
Mutation MA HZTEY already occurred 157 times {2.48% of 3ll samples with NA
seguence) in 27 countries. The first strain with this mutation, collected in May o
2008, was AlMexco cityfCIATWZ0IEHINT). The mutation most recenthy b
accurmed in strain A/Ric Grande Do Sul887/2012{H1N1}, collected in June 2012
(=22 map)
Ses detsiled globs| statistics for this ‘
A mutstion st the position egquivalent to NA 275 has been reported in the y
literature to be related to mikd dreg resistance and strong drug L i
A combination of mutstions including the position eguivalent to NA 273 has been
reported in the literature to be related to strong drug resistance.
As s=en in resolved structures of protsins from 100.0 ’ Spin ON ][ Spin OFF ][ Save IMAGE ]
relsted strains, the NA position equivalent to your mutstion is invelved in:
- dinug banding Description:
The mutation positien (red atoms) corresponds to positien 273 on viral chain A (yellow backbone) and
i o = i b £ - N
Sz= 3l interactions for this mutation is within 5 A from drug RAZ (pink atoms).
Bas=d on FoldX structural stability calculations H2TEY is predicted to be to Refere See all 18 interactions for this position
strongly destabilizing which could represent a fitness disadvantage (ddG
= 4 55 kcal'meol)
icinformati
PubMsd search for this mutstion (including slternative numbering) d”"'s:: 2l |PDB L |1E|91"Ir
ErvEe
|Subtype |Nc|t available
[strain [BrLEE/AD
[PMID of reference paper [10547289
NOVEL AROMATIC  INHIBMORS OF  INFLUENZA  VIRUS

; : ) NEURAMINIDASE MAKE SELECTME  INTERACTIONS  WITH
CheCk fOr Stl’UCtU ral InteraCtlonS| S CONSERVED RESIDUES AND WATER MOLECULES I TEH ACTIVE

SITE




Example of new drug sensitivity altering mutation NA
S247N discovered with the help of FluSurver

c 000

;
I

Global occurrence of new variant Structural context of mutation

o Found circulating in 10% of samples in
Singapore and 30% of samples in
Northern Australia in early 2011.

Experimentally measured increase of

IC50 for Tamiflu by 6-fold and Relenza

by 3-fold but normally administered

dose of drugs still sufficient.
Phylogenetic context of new variant

Collaboration between Bioinformatics Institute, A*STAR with Euro Surveill. 2011;16(23):pii=19884.
NPHL/Ministry of Health Singapore and WHO Collaborating
Centre for Reference and Research on Influenza.
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FluSurver — an online tool to make sequence analysis and
mutation detection/interpretation easier

NA H275Y
Key to alternative position numbering:
FluSurver numbering
{absolute as in 2009 H1M1 pandemic)
Classical H3N2 strain numbering
Classical H1N1 strain numbering

Chosen reference: L
275

NA_H1N1_Human_2008_Californiady

Pasition in reference:
A& in reference:

A& in gquery:

Widexico cityClA
accumed in strain A’Rio Grande Do Su

= 4 &5 kcal'medl)

earch for this murtation (incheding stternative numbsring)

Check for stability
or passage effect
(if available)!

the usage scenario that will

ris
including some candidates for avian flu and novel
= special note for using FluSurver results in publications.

with very close relation to used vaccine strain
ve to FluSurver. Tl

d Tutorial if yo

Back to Reference Selection ]

arison with reference selection: auto

124V, 445, S82P, N2Z00S, V2411, I
N2ELke AR 4
show in structure
100.000 12
MA drug sensitivity positions:
33,01
Reduced sensitivity or resistance!
P1005, D114N, K180Q@, 52027, 5220T, A273T, K300E, 1238V,
99.647 Ll . 5468N, ES16K
show in structure
134V, L401, Ha45, . N1895 N2005, V2411 N2430,
57K, 5%, 1321V, N369K, N3865, I385R, K432E
show in structure
100.000 16
MA drug sensitivity positions:
22,01
Reduced sensitivity or resistance!

icinformatics Institute (BIl}, Singapore
al de Medicina Genomica {(INMEGEN), Mexico m

ferved.

b
8 [@

| »




Example of frequency rise associated with
stability changes leading to permissive mutations

Temporal appearance and frequencies of HIN1pdm
neuraminidase mutations in Genbank and GISAID —NASEH

100 —NA-M15|
90
80 J
70 //-\ ‘
60 ‘
50 |

\ —NA-N189S
NN g

% occurrences in circulating strains

—NA-N44S
—NA-S247N
40 —NA-S366N
30 —NA-S82P
—NA-T332K
20
10 6
i ‘|
222 NA-V62| g2
gm " NA-V81A 50
FOIdX prediCtS increase in StrUCtu ral Stability for ° H275Y H275Y+ H275Y+ H275Y+ H275Y+ H275Y+ N386S V241l N369K
mutations that were increasing in frequency and T N
were fixed in Newcastle strains. NA Mutations

Hurt AC, Hardie K, Wilson NJ, Deng YM, Osbourn M, Leang SK, Lee RT, lannello P, Gehrig N, Shaw R, Wark P, Caldwell N, Givhey RC, Xue L,
Maurer-Stroh S, Dwyer DE, Wang B, Smith DW, Levy A, Booy R, Dixit R, Merritt T, Kelso A, Dalton C, Durrheim D, Barr IG.

Characteristics of a widespread community cluster of H275Y oseltamivir-resistant A(HLN1)pdmO09 influenza in Australia.

J Infect Dis. 2012 Jul 15;206(2):148-57.
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H3N2 strains have HA passage bias mutations in antigenic sites

H3N2-MAY-NPHL13-IMHO021.4 /
vs. A/Victoria/361/2011(H3N2)

Same isolate but different passage

(A/SINGAPORE/22/2012 NPHL: GP1187-2012)

WHO CC H9Y, Q49R, N161S,
EPI_ISL_128750 Melbourne ll\\nll?)((:::((i' Q172H, V202G, Y235S,
via NPHL N294K
US CDC via
EPI_ISL_135838 WHO CC E4/E1 HIY, (@98, Niels,
N294K
Melbourne

As seen in resolved structures of proteins from
related strains, the HA position equivalent to your mutation is involved in
- host cell receptor binding ¢/}
- antibody recognition sites \ |

- viral oligomerization interfaces

- binding small ligand(s)

See all interactions for this position

V202G

Passage bias info available:
In subtype H3, G at this position is preferred over V in MDCK cells with odds ratio
of 129.53. In subtype H3, G at this position is preferred over V in SIAT cells with
odds ratio of 95.05

As seen in resolved structures of proteins from
related strains, the HA position equivalent to your mutgtion is involved in

- host cell receptor binding ¢, |
Passage bias info available:

- antibody recognition sites < __|
In subtype H3, H at this position is preferred over Q in SIAT cells with odds ratio of

- binding small ligand(s)
67.59

- is involved in binding host protein(s)
- viral oligomerization interfaces

See all interactions for this position




FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

Reference: NA_H1N1_Human_2009_Californial7 (Structure/Model Details)
Patient/Sample: A/Norway/2227/2015 | EPI_ISL_188208 | 2015-06-23 | A/H1N1

MN4LE, , L H275Y
Wildtype residue only dizplayed if position is part of available structure.
Hower with mouse over residue to see itz position number. Right-click for more options.

FluSurver-JSmol

spin ON || spin OFF || Save MAGE

See interactions of position WA 189 in related structures.
See interactions of position MA 432 in related structures.
See interactions of position WA 257 in related structures.
See interactions of position MA 321 in related structures.
See interactions of position MA 388 in related structures.
See interactions of position WA 369 in related structures.

Mutation(s): 134V, L401, V2471, N1895, K432E, R257K, 1321V, 1389R, N36SK, N248D, N200s, NIEEE,

on t mpu a
fore, the usage scenario that will

d humans,
ns, including some candidates for avian flu and novel
2 special note for using FluSumver results in publications.

e new to FluSurver. There i a

ce selection: auto Back to Reference Selection ]

MNIBEK, KA32E, NA4SK
show in structure

12
MA drug sensitivity positions:
23.0.1
Reduced sensitivity or resistance!

Ll . 5468N, ES16K
show in structure

134V, L401, Ha45, . N1885, N200S, V2411, N243D,
380R. K432E

show in structure

MA drug sensitivity positions:

ite (BIl), Singapore:
Genomica (INMEGEN), Mexico “

View all mutations together in
structure or homology model
of reference strain!
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FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

Reference: NA_H1N1_Human_2009_Californial7 | Structure/Model Details) il
Patient/Sample: A/Norway/22272015 | EPLISL_189205 T Z0To-Uo—2a 0 e T T

Mutation(s): 134V L401, V2411, N1895, K432E R2857K, 1321V, 1389R, N3ESK, NeslD, N200s, NIEEE,
MN4LE, , L H275Y

Wildtype residue only dizplayed if position is part of available structure.

Hower with mouse over residue to see itz position number. Right-click for more options.

= s
the usage scenario that will
including some candidates for avian flu and novel

special note for using FluSurver results in publicaticns.

hy infected humans

—

Information of the template of 3NSS used to model NA_H1N1_Human_2009_California07

|PDB ID Enss

|Subtype H1N1

|Strain A/CALIFORNIA/O4/2009

Structure Title THE 2009 PANDEMIC H1M1 MEURAMINIDASE N1 LACKS THE 150-CAVITY IM ITS ACTIVE SITES
PMID of Reference Mot Available

\viral Protein NEURAMINIDASE

(Corresponding Chain A

Information of the alignment of NA_H1N1_Human_2009_cCalifornia07 with 3NSS

[Identity lalignment Length [E-value Bit Score |
|to0.00 1388 0.0 797 |

Alignment of NA_H1iN1_Human_2009_California07 with 3NSS used for structural modeling

_aln pe= 10 20 a0 20 70 80 s0 100 110 120 130 120 150]
3§33 IVELAGNIILCEVIGWATYSEDNIVRISIREDVEVIREET, GTIRDRIFYRTLMACFIGEVEIEYNIRTES 3RCHDEINWLT 151 3GEDNEAVAVLEYNGI ITDT IRIWRNN ILRTGESEC]
MA_HIN1_200S_CALIFORNIAQT SVELAGNIILCSVIGHATYSEDNIVRIGIREDVEVIREET, GTIRDRIFYRTLMACFIGEVEIEYNIRTES SRCHDEINWLT 161 3GE DNGAVAVIEYNEI IT DT IRSHRNNILRTQE 2EC]
_con=rvd
_aln_pos 170 180 180 200 210 zz0 230 220 250 260 270 280 250 ELL
EREE] DEFINGEASYRI FRIERGE IVESVEMNA FHYHYEEC3CYEDISETTCVORT WUSFNQNLEYQIGYIC! ‘IFRYENEVWIGRTEIISSRNG! i
MA_HI1N1_200S_CALIFORNIAQT DEFINGGASYRI FRIERGE IVESVEMNA FHYHYEEC3CYEDISEITCVORT WUSFNQNLEYQIGYIC! ‘IFRYENEVWIGRTEIISSRNG!
_cen=rvd
_aln_pe= a10 azo aso ago a7o a0 aso

3K33 GIDKNF3IRGDIVGINEWIGYS
I3 HIN1 2003 CALIFORNIAQT GIDKNFSIRQDIVGINEWIGYS
_sons=rvd

VELIRGRFEENT IWI 363313 CEVNIDTVEWIWFDEAELEFTID
VELIRGRFEENT IWI 363313 CEVNIDTVEWIWFDEAELEFTID

PHFELTZLDCIRE

FluSurver-JSmol

spin ON || spin OFF || Save MAGE Check source and

See interactions of position WA 189 in related structures.

See interactions of position MA 432 in related structures. te m p I ate Si m i |ar|ty Of

See interactions of position WA 257 in related structures.
See interactions of position WA 321 in related structures.

See interactions of position NA 389 in related structuresj Stru Ctu re/ho m Ology mOdeI !

See interactions of position WA 369 in related structures.
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FluSurver — an online tool to make sequence analysis and

mutation detection/interpretation easier

-
Summary of critical drug sensitivity positions ‘ heCk drug Suml I Iary tablel
.
. Effect c drug in
I U | e annotation 30 structure {<5A)
V116 116 (N2) sensitive -
- no known effect
3T || TEE (common wildtype A#) L
E119 wit 119 (N2} sensitive 3D = oy
o S T no known effect b
The main L || R, (common wildtype A&) 30 rch and shou
- P . itment shou
Q13 138 (N2) sensitive =
e Gare 5 L i e e e (e e e
give the most fruitful and reliable red D151 151 (N2} sensitive 3D including some candidates for avian flu and novel
reassortant swine flu HZN2v. Ple Y155 wit 155 (N2) sensitive _ = special note for using FluSurver results in publications.
R1%s no km\wl'ldeﬂec;# 0
% o e M to Reference Selection
= . - no known effect
— || TRLE (common wildtype A&) i
1223 wit 222 (N2) sensitive 3D . 582P, N2005, V2411, N2480, H275Y, 1321V, N369K,
. L274 Wt 227 (N2} no known effect 3 MNZEEK, K432E, N449K
Known effect(s) of mutations at position equivalent to = " DL (common wildtype AA) = show in structure
your mutation: = = o
5 sensitive
- - MA drug sensitivity positions:
e no known effect 2D a3 1
Protein: N =8 (common wildtype A&) e o . "‘y_{:r . oal
Influenza type: Human HIMN1 (2006) Qzz7 sensitive -
Mutation (as in paper): H274Y E273 = 3
neutral A4 H L . no known effect - AN, K180Q, S202T, 5220T, A273T, K300E, 1338V,
neg. eff. A4 Y e (common wildtype AA) = . 54681, E5S16K
strong drug resistance m no known effect show in structure
Effect: . F246 . . 3D
{drug name In comments) (common wildtype AA)
Comment: sensitive 3D
Tamiflu but not Relenza resistance (Table 3) 24 ) | Ha45, 11895, N200S, V241]. N248D.
HoAED oW C fectimt] =4 K, H275Y, 132, N369K, 12865, 1389R, K32
Literature reference H27SY effect ap n
(Mutation HZ34 in the paper is at an equivalent position of the 09 - S — shoWNn structure
mutation in yous query) E2T7 sensitive 30
- P —— . MA drug sensitivity positions:
R293 wt 282 (N2 sensitive 30D a2 1
a4 N g = no known effect Red d sensitivity or resi cel
X T || e (common wildtype A&} il
GRdE . 248 (N2 no known effect ap '!EEI_
= - - < [common wildtype AA) e
o = T no known effect F
Publmedgw Pubed = =5 3TMN2) common wildtype AA) i
Nt mtharar o ™ Advanced R388  wt 371 (N2) sensitive 30
= no known effect
Display Setlings: (%) Apsiract GHOT  wt 40S(N2) e A Ein W

Antimicrob Acents Chemother. 2008 Sep;52(9)

4-92. doi: 10.112644AC 00555-08. Epub 2008 Jul 14.

Surveillance for neuraminidase inhibitor resistance among human influenza A anc

worldwide from 2004 to 2008.

DISCLAIMER: This table is not suitable to unambigously determine drug
resistance but should rather serve to help selecting candidate

Sheu TG, Devde VM, Okomo-Adhizmba M, Garten R, Xu ¥, Briaht R, Butler EN, Wallis TR, Klimov &1, Gubareva ¥

Influenize Division, National Certer for Immunization and Respiratory Diseases, Certers for Disease Cortrol and Prevertion, &tlar

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 and/or

experimental testing. Most of the available effect annotations refer to Description:

specific subtypes and may hence not apply exactly to your query. Please ;":m:’.!‘“:.ﬁZ;";“&;’;L—"l?;ﬁi&:"““” 19 PoSon ET2 o il cheln & el bactbone) and
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.

See all 18 interactions for this position

| 5 P0E D =3

- Subtype ot avatatie
Siran rEzi0
P of reference paper 10547289

NOVEL AROMATC WHBORS OF NFLUENZA VRUS
NEURAMNDASE MAKE SELECTVE NTERACTIONS WITH

fmEmis [CONSERVED RESDUES AND WATER MOLECULES IN TEH ACTIVE
ste
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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

el

M2 ANVisconsin/GT/2005(HINZ)
find closest related sequences

RMNM4541200051|H3 clade 3BINZ

=]
=]
=
[=x]
=
=]
bt
ri
[
=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 n

Influenza type: Duck {li\"'e poultry market) H3N2 |= Summary of critical drug sensitivity positions
Mutation (as in paper): V271 —[= Effect Close to drug in
Residue Type Refnum. TTTETET 2D structure (<5A)
neutral A& \/ N S
L25 wt 26 sensitive 30
neg. eff. aa: [ = N = E— =
. . 2T mt £t effect 3D
Effact: mild drug resistance (drug name i . o e o
. ¥ W K SENSIVE
comments) - e =
N31 wi H effect 3D
Comment:
. . o . . no known &
conferred Amantadine resistance (Table 1. 133 wt 33 e
Literature reference i = ; »
G34 wi 34 sensitive
(Mutation V271 in the paper is at an equivalent position of the mutation in
query) 15 wit - no known effect
i o o o (common wildtype AA)
o m l : Ha7 wt 7 no known effect " — "
= = (common wildtype AA) Known effect{s) of mutations at position equivalent to
. . L38 wit 8 no known effect an your mutation:
If WT residues in — e e
L40 wt 40 Tl Gz 3D Protein: M2

142

reference strains N o known effect Influenza type: Human H1N1 (2007)
W1 wi 41 30
are associated with v o rokounere o neutral AA: S
(common wildtype AA) =
neg. eff. aa: N
(common wildtype AA)
I p p k fhect (drug name in comments)
shown in drug DU W epery  E Comment:
Literature reference
(Mutation S21N in the paper is at an equivalent position of the

(common wildtype AA)
(common wildtype AA) = Mutation (as in paper): S31N
resistance it will be W w w el cted 0 |
3w £ L Effect: strong drug resistance
Summary table! R45  wt a5 (00217112:0\\:;&&;;?;@} an Amantadine resistance (Table)
mutaticn in your query)

Bioinformatics
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Analysis — FluSurver for Mutation Interpretation

Important disclaimer:

FluSurver makes it very easy to link mutations with prior literature and potential
phenotypic effects.

While we have placed great emphasis on avoiding false positive alerts and
provide tutorials, one still needs to read the associated papers and interpret the
provided evidence carefully to judge any effect realistically.
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Summary of FluSurver annotations

GISAID

Mutation numbering scheme

FoldX stability calculations

e — e C e e .. S

(] CIm——. -

| = conversion (e.g. H3, H1, H1pdm) Passage bias
-g and direct PubMed search link (egg/cell adaptation)
% 3 0 O OR NA) AND (R289K OR R293K OR R292K)
+
= Updated
= reference .
?  homology Literature-curated
—
©  models mutation effect database
= . ~400 entries
= Literature
' E" . = mild drug resistance 30
(-I; Stru CtU re strong drug resistance 40
- | virulence 106
1568 self/oligomerization antigenic drift / escape mutant 84
975 other small ligand
268 antibody‘ Inte ra ctlons host specificity shift 136
188 host protein : oo ity 23
o antigen-presenting o = —
MHC molecule . .
132 other viral protein . Ep|dem |O|Ogy |
46 drug  E— ey
45 nucleic acids e F e S
13 host cell receptor Closest DB hits Temporal pattern D
3417 total interactions s e s ) oa
for 2062 positions ey = A —— R ‘ £
| -
Glycosylation site changes \f‘,;,;"“ %
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Genomic co-occurrence




