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Making full use of influenza sequences

with FluSurver
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Reduced cost of and easier access to sequencing
gives us:

* More sequences (also complete genomes)

« More detail of genetic evolution

* More questions on how to use/interpret/analyze



Flu viruses evolve through Reassortment and Mutations

New properties can be:
Infect new hosts

More or less severe f
Spread more easily N A F— e
Immune escape = >
Drug resistance

Organ/Tissue

Virion

Reassortment = genome segment mixing Mutations, e.g. NA H275Y

e.g. HIN1 to H3N1 (a EA! | I’
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1568 self/oligomerization
975 other small ligand
268 antibody Interactions
188 host protein
antigen-presenting
e MHC molecule
132 other viral protein
46 drug
45 nucleic acids
13 host cell receptor
3417 total interactions

for 2062 positions

FoldX stability calculations

Glycosylation site changes

Structure |

FluSurver for Mutation Interpretation

Mutation numbering scheme
conversion (e.g. H3, H1, Hipdm)
and direct PubMed search link

Literature-curated
mutation effect database

(GISAID,

Passage bias
(egg/cell adaptation)

~250 entries

Closest DB hits Temporal pattern

mild drug resistance 19
strong drug resistance 30
virulence 68
antigenic drift / escape mutant 74
host specificity shift 21
other 12
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First steps: find, select and add isolates to analyze from the EpiFlu™ database

© 2008 - 2013 | The GISAID Foundation | Terms of Use | Contact | System Requirements - %
SISAIL

You are locagged in as Sebastian Maurer-Stroh - logout

Welcome Mews Registered Users EpiFlu™ FAQ My profile About GISAID

@’ Browse ‘__J Worksets _3 Upload Batch Upload é_j Settings ﬁ Analysis

Released files

=dit Mams |zolats D Subtyps Host Collection date FPazzags PB2 PB1 PA HA NP MA MP |

AdAnhui/1/2012 EFI_ISL_138T35 HTNZ Human 2013 Ei 2780 274 M 1683 1487 1388 og2 1

AjShanghail2i2013 EPI_ISL_138738 HTNS Human 2013 Ei 2280 2274 25 1683 1497 1338 582 i

AjShanghai/1:2013 EFI_ISL_138TaT HTNS Human 2013 Ei 2780 274 pa k| 1683 1487 1388 o822 1
4 1 3
Total: 3 isolates 1

Search in results | |

’ ( Go backl ’ @ Help I [7’] copyto...

After selecting strains on the left, click add to analysis

215l Addto analysisl ’ j Downloadl

Welcome 1 EpiFlu™

= ) il
Choose analysis

e wi| Alignment o = ]
- Align DNA or Proteins
[, | Avanbui1iz01 1398 | 962 1
N | SRS ot of third party servers s | i
%, | AShanghait 188 | 362 1
S | FluSurver
FluSurver

Select “FluSurver” (9 Ezq I .)



EpiFlu™ 2.0 — Analysis Tools

Welcome John Doe

(c‘Efdll’

GISAID published: 34.593 viruses with 89.498 Sequences Total count: 113.361 viruses with 393.536 Sequences Settings Logout

Personal Worksheet &
Virus Mame | | Q,
‘32 Delete Entry ‘ |?€ Clear List ‘ | Select All | ‘}( Deselect All \

- Marne Segment Seament accession # Length @ Export selected “

(] Afchickeni? Tiliancxi/2014 NS EPI1880 890 :

[ adchickeni7 7iliangii2014 PB1 EFI1874 2374 |Z"' Blast Nucleotide ‘

[ Afchickeni? 7iiancxi/2014 HA EPI1876 1686 ; :

(] Adchickeni7T4ian 2014 NP EPMGTT 1501 |€§ Blast Protein ‘

(] Afchickeni? Tiliancxis2014 MA EFI18TS 1413 | Analyze with FluSurver ‘

[ Afchickeni? 7iiancxi/2014 FE2 EFI1573 2280

(] Aduckiianoxiras2o14 M EPI1887 882

[ Aduckilianoxirasi2014 PA EPI1883 2151

(] Asduckiianoxirgsraot 4 NS EFI1588 823

(] Avduckiiangxirgs2o14 HA EFI1584 1704 \ /

[ avduckilianoyirasi2014 NP EPI1885 1497

[ Aduckilianouras201 4 FE1 EFI1852 2274

[ Avduckiianoxiras2o1 4 FE2 EFI1581 2280

[ aduckilianoxras2014 A EPI1986 1380

] AGalicia/l 786/2014 HA EFI1907 1040

[] AMong Kong/308i2014 FE2 EPI4858034 2280

(] AMong Kong/308i2014 A EPI485035 1401

[] AMong Kong302i2014 FB1 EFI493035 2274

[] AMong Kong/308i2014 Pa EFI1488033 2151

[ AMong Kono/308i2014 M EP14858032 882

1 2 3 a Forward
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Welcome News Registered Users EpiFlu™ FAQ My profile About GISAID

You are logged in as Sebastian Maurer-Stroh - logout

T‘.n”j Browse g Back to results |_'_IJ Worksets 3 Upload

Batch Upload ij Settings ﬁ Analysis

‘%

|:r d_r'a.
Therefors, the usage scenario that will give the most
50n1e1:and|date5 for avian flu and novel reassortant swine flu
special note for using FluSurver results in publications.

frun‘:ful and rellable re:
HZ2N2v. Plez

ent surveillance sequences with very clnse relatlnn to used vaccine strains, i
t the Frequently Asked Questions and Tutorial f wou are new to FluSurver, Thers

Result for comparisen with reference selection: HFTN7_Human_2003_Netherlands219 | Back to Reference Selection

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

H V181, 5201 VB3I . T2054, 1218V,
i R o PT— - Q2421 1252M, E286G, N3140, E328R, F{Sd?G T413N, R423K, MA36I
HA_AJANDUIM/2013_138 AjNetherlands O03(HTNT) 22 T T e e RERr
find closest related seguences
HA V181, 5201, VB3I, .T150A, A1535 D450M, 1185V, T205A, 1218V,
. . P237T. 1252, E286G, N2820, H283Y, N314D, E328R, R347TG
A AJS M1/2013 138737 AJN d AHTNTS o5 2 . . 4 . . . 4 .
HA_ASShanghain1/2013_138737 n.rletherlan“e 003(HTNT) 95 22 RA23K. MA36] N4GAD, 5150
find closest relate quences - T
show in structure
H V181, 5201, VB3I, . T150A, D1905, 195V, . T205A, 1218V,

Q2421 1252M, E286G, H3140, E228R, R347G, T419N, R4223K, M42EI,

(=]
]

HA_AJShanghaif2/2013_138738 A/Metherlands 003(HTNT) 96.0T1 28.415
find closest relsted sequences

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, users may proceed to look at the alignment to the
reference strain, get more information on each mutation, generate a structural view of
all the mutations ("show in structure")...
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Personal Worksheet

Analysis — FluSurver for Mutation Interpretation

GISAID published: 26.732 viruses with 40.071 Sequences

Total count: 35.932 viruses with 70.

<]

Welcome John Doe

581 Sequences By Settings Logowt

matics Institute - Google Lhrome ]

Lbii.a-star.edu.sg/METHODS/flusurver/beta/tmp/tmp_HA_H7N7_Human_2003_Netherland Q
re/Model Details) -

eference: HA_H7N7_Human_: 2003 _Netherlands219
ahenl'Sample HA_A/Anhu 38

287

H3N2v, Please take a &

Resut for comparison with reference sele

Query

Map of cities with the HA Q235L mutation

Map of countries with the HA Q235L mutation

Beijing

: - r
" fruitful and reliable results are current surveillance sequences with very close relation to used vaccine st

cantyy the M scenario that w-ll q:w the mos:
ns, m(luqu some (and-daln for avian flu and novel reassortant swine flu

ok at the Freguently Asked Questions and Tutorial ¥ you are new to FluSurver. There 3 350 2 soecial note for yaing FluSurver results in publications.

Best reference hit

Korea Seao

@ South Kani

\, / Korea ]
i Y
Chine 112 Hiroshima o
$2) ©
¥ "v’/5? Fukuoka & Kumar
Chengdu Wuh Y oone!  Kegoshimao “iiya
Chongaing China Sea
(2)
N
: (2) Naha
> N
Guany§zhou Taiwan
.L T Hong Kong
Macau

Map data ©2013 SK planet. ZENRIN

the me label ndicate

n: HTNT_Human_2003_Netherlands219

% AA identity % length coverage # mutations

| Back to Reference Selection |

List of mutations

uuhon(&] AS50V, S20i 1195V, 1218V, T205A

th mouse over residue 10 see

328R. R347G, N464D, E286G, I51
isplayed if po

3 position number. Rig

V181 5201 veul 11504
P2ATT. 12520 E2860 12920 MZ3SY

HA Q242L

Key to akernative postion numbering
FluSurver numbering

240 (absolute as in 2009 HIN1 pandemic)
HA1 226 Classical H3N2 strain numbering
HA1223 Classical H1N1 strain numbering
Chosen reference HA_H7N7_Human_2003_Netherlands219

Posttion in reference 242
AA in reference Q
AA In query L

A mutation st the position equivalent 1o HA 242 has been reported in the literature to
be related to gntigenic drift / escece mytant and host soecificity shift and other

reported in the literature to be related to host spedificity shift

solved structures of proteins from
mutation is involved in

As seen in
related strains, the HA

- nost cell raceotor binding

nti 2 nition git

1l int ions for this position

€ mendel.bii.a-star.edu.sg/METHODS /flusurver/b... .=/ (=)

mendel.bii.a-star.edu.sg/!

A combination of mutations including the position equivalent to HA 242 has been -

comparable to those of wnld type Escape 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)

m




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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Mutation frequency pattern highlights relevant changes

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

: NA-1321V 100 V W NA-I321V
NA-K84N W NA-I34V

NA-N200S

100

NA-K432E
- I NAN248D B HANZ00S
I HA-N369K 75 B 1A N248D
B NA-N44S I NA-N3BIK
Il NA-Q45H ‘ H NAN3OTK

50 N A I nA-s52N @ N A W NA-NS4S
I NA-V1061 W NA-R220K

W NA V241 W HAT2I5!

W nAv241l
25 / 25 W nAved
0 / - U /\

2009 2010 2011 2012 2013 X Q@qu‘ Q@@’% 0‘9@1 d‘"‘@‘@ G\“@q, cﬁ\‘ﬁ\%: #"“hr;,n“"@%cf\“@%d@@rLd\'L@gﬁ\"‘\%@G\"’“h:ﬁ\”’@

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.
" W A E510K Butler et al. PLoS Pathog. 2014 Apr 3;10(4):e1004065.

W HA-H155Q

W HA-K180Q
W HA-K300E

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

W HA-S1016

B HAS160G Cotter et al. PLoS Pathog. 2014 Jan;10(1):e1003831.

W HA-S202T

50

25

172V

2009 2010 2011 2012 2013

Example HIN1pdm in FluSurver



New drug sensitivity altering mutation NA S247N

Global occurrence of new variant Structural context of mutation
o Found circulating in 10% of samples in
: Singapore and 30% of samples in
LI T AL . 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. ‘ g EA! | I ’
NPHL/Ministry of Health Singapore and WHO Collaborating
Centre for Reference and Research on Influenza.



Current H3N2 strains have HA passage bias mutations in antigenic sites

H3N2-MAY-NPHL13-IMHO021.4 /

v
vs. A/Victoria/361/2011(H3N2) w /

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)
' V202G . See all interactions for this position

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

(A/SINGAPORE/22/2012 NPHL: GP1187-2012) odds ratio of 95.05

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

WHO CC H9Y, Q49R, N161S, - binding small ligand(s)
EPI ISL 128750 Melbourne MDCKO, ; ) : - is involved in binding host protein(s)
= via NPHL MDCK1 N294K o Q172 H - viral oligomerization interfaces
X . See all interactions for this position
Usttve HOY, Q49R, N1615,
EPI_ISL_135838 WHO CC E4/E1
Melbourne N294K Passage bias info available:

In subtype H3, H at this position is preferred over Q in SIAT cells with odds ratio of
67.59
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Frequency rise points to role of permissive mutations

Temporal appearance and frequencies of HIN1pdm
neuraminidase mutations in Genbank and GISAID — NA=tH

100 \ —NA-M15I
9% . /\ —NA-N1895
&
£ 70
5 o —NA-N397K
= NA-N445S
S 50
£ —NA-5247N
wv
g 40 —NA-S366N
| =
£ 30 /\ NA-S82P
3 /\ —NA-T332K
o 20 ]
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0 e~ RS AN .l
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- - - - - 72 1
-3
FOIdX predICtS InCrease In StrUCtu ral Stablllty for H275Y H275Y+ H275Y+ H275Y+ H275Y+ H275Y+ N386S V2411 N369K
L = = - N3865 V2411 N369K N369K + N369K +
mutations that were INcreasing In frequency and Ve vaaly
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, Giw
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(H1N1)pdm09 influenza in Australia.

J Infect Dis. 2012 Jul 15;206(2):148-57.



A “stealth” antigenic drift mutation due to passage bias

A new mutation causing vaccine escape in
ferret model cannot be found by classical
virus culture plus sequencing because it
always reverts to wildtype under culture
conditions.

HA receptor with bound ligand (pink/yellow)
and passage dependent mutations with
number labels

Passage history Odds Ratio [mutant vz wildtypa)

Original
Ma. Mo, isolates [mutant’ Total ﬁ'lqulﬂfr MDCK c&ll MDCE-SIAT1 celimical
Mutation reported® wildtypa)® (%" Egyg lsolate Isolate call Isolate sample
N1250 S8 32V 7730 399 05 096 Ly 104

M K153E % 16/8018 020 1.59 s -
AnaIySIS for G155 133 1037827 1.30 a6 DGR 005
M SED iyl ZATCEN 027 - 432 nE2 0.22
Ian Barr M1 SEE 22 127580 015 - 043 .00
WHO CC Ligil 47 258008 031 5531 09,20 .

Q223K 133 717966 Q.88 564.42 002 ocd 000

The odds ratio, indicating strength of assaciation 1o passage histony, for mutant versus wildtype vinus is indicaved. Mutations with < 10 samphes with any Paiiae
information were omitted (eg. KISGEL [} indicates that 10-30 recards with passage information were available, and no regorts were indicated in thiz passage history.
*Ocoourrence of mutation in all 16740 AMHINpdmd% sequences on GISAID andfor Genbank, regardiess of passage history up to December 20132,

I'"D{CLII'!E‘TICE‘ of mutant or wikdtype in Al AHTNIpdmD sequences on GISAID with passage history infoemation

% Oecwrrence of mutant in all AH TN pdmdd Lequenced an GISAID with passage history infarmation.

deici 9,137 journal ppat. 1003 2540004

Guarnaccia T, Carolan LA, Maurer-Stroh S, Lee RTC, et al. (2013) ‘ g EZA! | 5] ’
Antigenic Drift of the Pandemic 2009 A(H1N1) Influenza Virus in a Ferret Model.

PLoS Pathog 9(5): €1003354. doi:10.1371/journal.ppat.1003354



New drug sensitivity altering mutations

Neuraminidase and Tamiflu (pink)

Position # occ mut

275
247
223

48
5 ——— >
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H5N1 in Laos:

amino acid of NA

mutation

with distance<5 position occurred

from G39

in HIN1

frequency of
the mutation
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402

"S246N, identified in two isolates, reduced the sensitivity of isolate
A/chicken/Laos/13/08 to oseltamivir by 24-fold as a single mutation"

J Gen Virol. 2010 Apr;91(Pt 4):949-59.

167



