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FLQ)inmgpd thiter e s dnd AT AL R - (2) iRE f#+ quasispecies
BFIRIIE T (3) AR S TR R AR 7 (S B0)R 7
(s TR )R F A R BRI E A AE - A R ()R R
B F 2 o m 4 quasispecies v o BT R F Ehd np A RAFIRHMEELT A9 R
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Influenza viruses pose a serious threat to human health. The viruses with high mutations
can generate new variants, resulting in the changes of viral antigenic drift, antiviral resistance
and virulence. The antigenic drift makes the composition of the vaccine strains to be
reformulated each year. When antiviral resistance occurs, the kinds of antivirals shall be
changed and the increase of viral virulence causes increased deaths. High mutations in virus
propagation make the increase of viral divergence, which contribute to formation of viral
quasispecies. The dynamic changes of quasispecies influence the changes of antigen drift,
resistance and virulence, however, but the low proportion of quasispecies is unable to be
detected with conventional sequencing method. In recent years, new DNA sequencing
technology with high throughput, compared to conventional Sanger sequencing method, is
termed as next-generation sequencing (NGS). NGS can generate an extraordinary number of
sequences to analyze genomics deeply and detect low frequency changes in microbial gene
sequences. Therefore, NGS is a powerful tool to study the dynamics of virus quasispecies. In
this project, we intend to establish NGS platform for influenza viruses, and address the issues
including (1) sequence differences between viruses in the original clinical sample and isolates
in cell culture, (2) dynamics of quasispecies, (3) sequence differences between viruses
collected in early and late stages and in different location (upper and lower respiratory tract)
in the individual to understand evolution of the influenza virus in an individual host, (4)
comparison of quasispecies dynamics in different influenza seasons to determine whether
predominant strain in this season has existed in the quasispecies of previous seasons, which
uncovers the mechanism of variant emergence, (5) sequence differences between viruses
collected before and after the treatment s of antivirals to understand the development of
resistant influenza viruses (6) comparison of quasispecies dynamics in the different
types/subtypes of influenza viruses. The results obtained in this project will advance our
understanding on influenza virus evolution, adaptation, antigenic drift, antiviral resistance

and virulence, which make prevent and control influenza effectively.

keywords : Influenza; virus evolution; quasispecies; viral diversity; next-generation

sequencing, NGS



(o2
_ﬁ.\’
e
N
A
=
>~
>
it
(S
T
-t
i
B
7
{4~
-
7—\-
P
w2
Ly

%o et 533 20-3096 A & A 4
510% 1 & H KRB XA SPMPHREF R F Llafrr = o BPF EHE I3~
5F & 6l B € 5 6] 0 9§ 2550 § % 5 = (WHO, Fact sheet on influenza,

http://www.who.int/mediacentre/factsheets/fs211/en/) - i ) W AR R e

B

(Orthomyxoviridae ) » 4 A %148 5 81 § B %RNA > 4 & 2 10-141 30 F[9, »]-
TREBFREFFEALAEE R S HA R B RE L A L quasispecies [6] 0 i i g
Fr B HBHEFEARGR LSS ERCopS T AT N4, 8 13] 0 R HA AT
PR SEEI DR A RREAFREF S ERF A FNELE RA A R
R 5 A SRR o grquasispecies® & EFE ) & - L)ﬁ?—* FRBA BB R RN
R[6] - @ FLRBS FRE ERTIRES FAF  FEEF L PR RIHES R
4onec i 2 = A B 4 o iE 3 quasispecies® b Bckk E E 1 B SLen A Rl 2R R kR
e 17 # k3TeDNAZ A #i7 & 3 i £ (high-throughput) 314 > 4p 443 & stSanger _5 j#
* L% & & 2 A (next-generation sequencing, NGS ) #§ #NGS > NGS¥ #& &+ £ cDNA
B2l T R R T A T 7 3 A F A FIM A 210 Bl ansg it > & 2 % 4 g primers
g T % TR A Ao e 4 doeh 4k F) A 7I[1] o NGS # i 52005 & $ Roche 454
FLXpyrosequencing z_5& T 5 (http://www.454.com/ ) » {¢ % #2007 & - Illumina == @
SOLEXA Genome Analyzer (http://www.illumina.com ) - Applied Biosystems SOLiD
( http://www.appliedbiosystems.com ) - Life Technologies ¢ lon Torrent PGM
(http://lwww.iontorrent.com/) 4= Pacific Biosciences =~ & ¥ 4 3 ¥ pF Z_#& (single molecule

real-time sequencing, SMRT) (http://www.pacificbiosciences.com/) - iz NGS= ;2 & 5 % ¢

chipft o Sread & 5 ihk ‘@~ RS it 2 L3 aflc2 FF{op s ENGS- 2 &

Pk Y % FELE AT ERA  BRATML P fop s 0 NGST B ¥ 3


http://www.who.int/mediacentre/factsheets/fs211/en/
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metagenomic i v§ * e Bl A Fr i Ap BB & {og MATHUR 4 B HE L 1Y L] e
i# 0 NGSH - 1 % ch@ 50 & #iRl P75 4 [3,5,7, 11] » B wNGSH b * &4 1 ing 4
AEETRE A SRR R [12] B4 Rop i 4of1 ¥ NGS A3 R A R R 4
R A B P R i R b e At BNAG £ % B R T R s
FAEHA 2] A RBELFE T B D HRR A G 7ok ut it [4] -
ROBRINE BA F ot (TR S B4R Ful B4 (antigenic drift)  FLE - A
A e B e EEY NSRS AP FREZ LS A Y ANG)A T RAE T &
it * NGSA T fun g 4 e RhbeTeh e e 2 dpd AR AZILE > g R
quasispecies i F1 5 7165 f5 % 1 > A TR A S B RR A 50 3 RS (S - B )
BA (s TR ) A TR 2 0 o 7 NGSI R & 2 R R
quasispeciess i+ » #7 § § & i i 4 bk FIAF AT Gl W quasispecies R ke i o
BRI A R BRI Ao ® * NGSA 47 @ * $in B # 4~ 9 14 5 % quasispecies
BHRA TR AR o 0 1 e I A/ I 3) 08 R quasispecies & it o K A3 e i
IR B R R FRBA C LE MR R R - R L ok

BT o

=~ HER2E
(-) W pE Rk

AP ERMARLAFAR EF ER - R EHE AN AR E 2P R
WOLE B R - RE Ptk Rl real-time RT-PCR 2 % Br 22315 ~F &5 71> 112 i3
%%%%’ﬁiiﬁégnﬂo

o LR TR R AT AL PEFL2 Y NGS AT L2 kA
PHIE iE 24T
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TRAEE F S me R R BT BB B dolt T AV RS RHEZE B

A 34k £h quasispecies 484t o

POERMEPF R Rk Sanger = F B % 0 T A :I{;’ai genetic clade $+:% -

AL AT s & AR s R

IR VRl Bl T i3

BURR TSR RS A R o B AT AR T

R RS & AFLAFIA S # % Clustal W g8 i+ alignment

i * Bio-Eidt #- alignment 2. E 71| > 23 B gaps &7 & & R 7|k R o

K AR L

i * Amino acid variation #%§ 0 A7 & BRI A FREFLE L 2 =

B> 3£ {7 proteotyping 2z 4 37 o

% Excel ZF Brtay o #2404 AU A REES NA 0 L -BE AP

=,

7R % = proteotyping zo A 47 o M AT A VLR HE F AR R T

ke PR s P BB AP B
iR i # A Flen 7t MEGAS #ich [10]4 45 H AL B % o

BRE R R

BT #4485 MDCK ( Madin-Darby canine kidney cell ) ‘w2 » 4 375 g :f}%% o

MDCK m*z 12 EMEM 33 % Z (P 7 10%%5 2w 75)* 34°C » 5%CO, & #it315 & -

(2) Fd &fuk f § mirl2

AT ok SR R RS B ek SRR IR R U 4

G R TR

(1) B~ U35 & 196344 > *0 % = 7|1 % ~ 5]4c » 50 UL PBSiaip » *t 5 -
7 4e ~ 100 ul m},;‘ai FR J % 0 negative control {7 B2 100 uL PBS B~ % $o
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(2) B~ % - slshpif B0 UL 4c » %= 7> RS E AR E (S > £ B 50 uL

de x H 2 Aot B ,nj,fﬁg_L NF o R BRI 2 B ~128 2 ;ﬁﬁﬁ

(3) & 3t A w4 » 50Ul ehx = Bl 3 (0.75% ) 2 £ d e ke 3V 4 18 0 2 18
MBI 0 R EEA 4 C THE 30—60 4480 2 S ELB L IR

Booegmd g
2. Ll R R Frd R
(1) i& 7o SRR B Frdlsds% > F 401 PBS 3 iR A #Lk ik 2 % 50ul 78
# P 73 8HAuNIt sFk o
(2 BUA K963 4 > 2% - 53 % ~5)4ex 25Ul PBS 3% 3t % -
F4e ~ 50 UL e AR s 4 pheniR B B - 0 negative control {7 R r4 25Ul
PBS B~ fam i o P % - Flenddd 25Ul 4 » K 2 5 Uk E S E LR
s 325Ul 4 » B2 A dopt BRI R NS o Fus FER2 B
~128 & ﬁr% o i i F %5 RDE Jaeld2 1L 3 % E - MHEE -
(3) & w4 » 25uL (B HAUNIt/S0UL) hiFpldih 2 $REFuh > 10+ 5 s & 30
His o BN EETHFRBLI0-15 A48 -
(4) 4e > 12 PBS 4§81 0.75% < £ Rz 7k 50 ul /well » 2 {5 29wt i
FUiE o IR A ACTHE 3060 A4 0 2 fedictia b % o
() %4 RNA 552 £ 5
i+ RNA FP~{|% p & 1L 5 5~ 5 o MagNA Pure Compact Instrument (Roche
Applied Science):& {7 % & 14 5 B~ » B~ 5 ul F P2 Pk o 1% S48 % H A (random
octamer)it {7 & 455 &> & = % — 3% cDNA (firststrand cDNA) : 2 &2 513 3t 65°C 1%
* 548t B ATk > £ 1 * PrimeScript RTase reverse transcriptase & {7 ~ &4 F & -
FREwE 2L 30CiEr 10 #4578 » £ =x 50CiT* 60 45 > £ 18 95 CiT* 5 445 -

() NGS T &



A#7 % @ * lllumina MiSeq sequencer g Pacific Biosciences = # SMRT T [ i {7
AERFF AT LIRERAZEAILE o AR G R RS
T e
(=) NGS F#» 47

A7 3 & * CLC Genomics Workbench version 7.0.3 (CLC Bio, Qiagen) #ic §8 i& {7 3L
AT A G G R 2 A FIR R S kb S ik 7 4 quasispecies
AT M RGRR A R R TRA RS A Rn A KA TIASILE o AR A

quasispecies & F1 5 71| & g & it o

= B

rERGEEFEFHAFOF = E AT 108 & 117 > Y 2 KA ACT

(-) BWHMITRIEL HE 2ATFIF B %L
A E 108 EhL A E T - (DEFEHRF- R BIRABE R
oo S E R E 3R 2 & quasispecies R g cha AR 02 (2) 2 NGS R
e E 2R :1]%-% quasispecies % i >y F EF LA ;‘i:@-i Rz H FIHE AR
quasispecies % B the F f o F|p 108 &£ 1% 3 11 % B ArE uwms Npeig 104
#1032 1R27F @AY ALNREZ AP RFPFL > P HiER2 KlFFe 71
P (FFRd )2 T Rk (%) 0 X K real-time RT-PCR f& &1 5 A(H3N2) s+ & %
Bir2 6 f R SH (% 6412 £)7 RT-PCR = g 4 2 A F] 5 gt
S TS AR WA 2 R TIA P b T PE B 104~107 £ T A(H3N2)
:Ila‘ail‘%']é‘_ij e R G e 0 ¢ 7 104 £ 11 % 106 9L w107 & 14
o s NGS & 74 @ Jr 4 2 A F]48 quasispecies 4 17 °

Pl ‘ll}%ml’—rl L

(1) 370 %=tH &2 ek A7 FEJ Sanger sequencing % % s 4 A FI X4 » /A% etk

B pE £33 NiER o




(2) #4353 EFEpEFITVAANNEZI AP RFFLBE > GFREFRR > 28

BEERPEHEE D g (GldoFFed 3 )E Ter i (Gldokip & H 8 e i 2 i)

LM e AEVE AR R F R

(=) M NGS £ ¥ i &% BT b IRz(L ~ T i) quasispecies £ F]
B i 8 1

F1% 106-107 & #F ¢ &2 4 2 jig 4 =& S (NGS)A FI 2 A A 47in 42 - 108 &
FEIAp e e S S EER 2 5ol (BF- BRL P erag s Tl
SAE )2 PR TR A 2 AT AT O /A AR g R Rt A TR
7|4 & > B2 & quasispecies >tk FI A =t 2 LT o w12 A A p S d RT-PCR
RERAF 2FRATERAL O FTREERTARL gIHSATTEAS > SR
7% 12 Lopa Al E 2 2 A FH A SR (library) 2 Hlumina Miseq & {7 </ » £ 1
CLC Genomics Workbench version 7.0.3 (CLC Bio, Qiagen) i %8 :& {7 & 28 %] & £ contig
Koo £H5E S R A4 quasispecies 2 2 A FIR v RCFFER + e lm 4 VSRR
Wt d )% F oL 1-8

¥z 6 HieHMZ pF 2ATFIAFE-H A% lT  ERAF- BRI R
Tebnag s AHIN2 A 0 G 8 BATIM P kT NP AT BT B A
F0E NIRE T H pL B R ¥ <0 quasispecies o gt + F R % h quasispecies #7 F vt
Bl% 512 10% 0 v B 42 2.21%~12.20%2 (02 2% % . % cut-off point) 5t H —
HA T 2L Rk AT ?FEILEJ%&;%_J]%% HH R | F AT &2 0018 ieh Sanger A 1§
Bl o B 6 ¥R ATERRT m)}%af quasispecies © - e L F] 3 AL R 2 % (non-
synonynous mutation) ¥ 21 L=t #iek 5 el FRE S PAC L6 =00 H =t ik A 5 PB1(3 =)~
HA(2 %) ~PB2+NA~M2 NS1 % NS2(%& 1=): NP ¥ ABETI L 2Lk £ R 3
quasispecies ; & A FIF AN R R FBON R FIDLE 1 T oo b WL RS
quasispecies T § P HF R ¥ L F g e ¥ E o F R AL A 5] (Synonymous
mutation) > S EEF R RE IR Hch AT L PB2 2 NP(% 3 %) H=Ei&A 5
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PBL-PA(% 2 )% HA(l %):NA~MP 2 NSI ® R AREIEF &R IS
quasispecies °

Bt TR R A AE L~ ToekeaE & A(H3N2)Jm 4 quasispecies A FIHE 36 2t &
REFEGHZL T - d 30 KEAF > FP i 6 ka9 T g REI R % H 2 (hot
spot)s fe f 1 %k & ¢ B F) NS1 27 NS2 3-v i #5 % 5% 3R 4 (NS1P3S #2 NS2 P3S)e
bR ERROERS G 0 EPHRRBOBIE D AFRT EAAEY - FRES
quasuspecies > 7 FIRE HR FARF (£ 9~ £ 10) 5 iy BBERI|GRARK -8 5 2
ERBTIRLE Bt pd gt S BRI DES FE- HTR o
(£) ™ NGS W #®%* ki £ 2 il f5i# quasispecies 1 » A § & 5 35 A4

k2 B TR E A4 % quasispecies B (ke 3 A

mBRE R AR > - B A AR (AR ER)TE G AT
Moo BUE BRI (T 0 T b e quasispecies 697750 T AT A HA D A R A
15 :1]%-% quasispecies % £ 3,7 F Bt ANIERI A K A ,,.x:};a.% Z_FIVARE o A E B 1
A(H3N2) s # % $ 9 » 7 L 44F 105~108 # 32 LAl s+ HA Fv 30 23h ek 9 %
(A AR CATAR CEENC R EFF?:?;-% HA #-v 32 &:x% 5 E78G, K108R, N137K,
T144A, T147K,T51K/N, R158G, S160K, N187K 12 2 H327Q % 10 &% £ (B 1A-J)>

FL &k BB~ p Nextstrain % =k @ https://nextstrain.org/flu/seasonal/h3n2/ha/2y) ; % 4 R g4

FRRFEEE Y B 3 AN BARR LA SRR B it - K RE
Poz_ 21 & A(H3N2)ps & 5 i #iE 17 2 A ¥ NGS # 7> te 4R & fa t 5 4 quasispecies
NI 2 R R 0 g RS 21 L Rk fe 2 & quasispecies ¢ B ATk
Bzo ¢ e i 3t 0.26%~0.15%2 BF o Fif 10 AR % ¢ > ¥t quasispecies ¥ BLET| 6 fA
% (% 10) # Mk % kA 5 KIOBR (MR 15 = ; ++ & 5 0.32%~0.11%) ~
T144A (13 = :0.37%~0.14%)~R158G (12 =t ;0.39%~0.12%)~E78G (11 =t ;0.40%~0.13%)"
N187K ¥ H327Q (& 5 1=t ; +* &4 %] 5 0.11%% 0.14%) ; N137K ~ T147K ~ T151K/N
22 S160K % 4 8% % I A3t & quasispecies ¥ 2 IR o
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%0 bt iRt 23k 105-108 # A(H3N2) 4 Tk 10 fEA & R g2 b 1335

7% 21 A Tpa et Ty Eﬁumfgaa quasispecies ® Ffaxg > A& TR~ AT LAY
ikt B g e 10 48 quasispecies % % 0 B Ex SFEArA 120 BE KT o 23z 21 LY
X3+ 210 f& quasispecies & &7 > J1It b]w 10 f«—ﬁxz’éi? 7 EAFARS > MRk §
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2 T130S (0.47%) ; =8k 95 ~ 224 2 257 & 135 = (& & 2.38%, 5/210) » 3 %647 &
FI5L (0.58%~0.31%) ~ R224G (0.63%~0.26%)%? D257G (0.41%~0.27%) - i&.— # A 7 &
7N 5 LRI T B fi;gé«:fga% quasispecies 3 G R B PFR > B 5 ot
w1l A Ep 104 =enfel? > 25 7 4 (63.6%, 7/11)E 2. 281 2 181 % %2
quasispecies : £ 7 B 102 R ¥ 2 W #ci: 4 L (36.4%, 4/11) ; B 5 -2k 224 & 257
RE2 Mt 5 34 (273%, 3/11); £ 3 =895 22 130 R ¥ HMEcp & 5 1 &
(9.1%, 1/11) .9 2 4% p 106 & coik REINA > § 4 & (44.4%, 4/9)2 4 =2k 130 2
quasispecies ; £ 7 8L 95 ¥ 281lquasispecies X ¥ 2 i #c L 5 3 4 (33.3%, 3/9) ; £
7 B8R 102181224 £ 257 R ¥ 2 et 5 24 (22.2%,2/9) - rE- 1 X B P
107 & chfed? > £ =30 =8 95-102 % 130 2 5+ quasispeciese & i* 8 quasispecies
WEAEARMOARZ VNI IR BET 3P RIFELRME 3 FAITL 2 K22
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HFomzgockRIAPHE FILZERE T IARLG REFY AR
BiEARY JUT B AN B A N R IEAL Y DR T o U Sanger A
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FAtro RBEFL R VEFERITALRE P RAELL 22185 HONIRE
FAFRTTREL L PG NEL N AP ERESTSN LR LB g R A
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LA WA RE LS LA LIRS LA 2 RN AR B LR
BrosAp B E (o FE S RACR BE 2 B A 0 R S AT AT B B R IR

HRERAWA KT L2 2 FL b GRS Tk

rELE AT AP E > B ER I NGS ik A A 1B HALSE T B A
W RASTRR AR Y S AHIN2) A 12 - A of 78 5 dm%e (MDCK)33 % 13 7
/> B 4tk quasispecies 2. £ B v R BT 0 ig 4t quasispecies f & A FIRE R Y G P

ﬁ;mi%’gg%ggl T d-v ’Fﬁ’ﬂ&ﬁkﬁ’x FaRAFERE R > E-H L7

‘3\‘:

RET O R RN RIEHY pd B e R ak - pd 0 B AR R g
4 B F-v (HA 22 NA) > 353 3ov 5 0000 00T 2 % 2 %R 2 (640 HA 39
174 22 176 & =2L > 1 %2 NA v 151 = g-%) % - & E:Hﬁ}?m quasispecies =14
Foo- HELIVRE SR FL (A )RR RN - p4 0 B quasispecies 2. %
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PARE - WY - R o FARA N R RELEFZAURHAL > T Nmaeg o B R
7 > A(HIN2) I Al 4 03 pef R Bt g 208 0 ik g FIS BB F > &
2 A% - BT SE - BREA quasispecies Bk AT Y B R P RROR R
FRRR LR FRARALI AR RAFARY R E LB AR N pE RS
fs 3o (PB2 2 PA); i&d B 3o 7 D2 & R ¥ erfigh (b4 PB2 3% 2L 673>
12 PA B0 i28E640) o i BARR L S - EVRBAREVELAZBE IR o A E
GrE %z E)RBEDEHAHINY B 2 8% 7% » B 473 e g 3nimr iz & & g
5 (104 & 1~12 * )2 i 4 o 54 quasispecies R % I L B 4 & v et HOR S B
5 (PAZ PBL)) 'R G % = E B2 %2 AB%re & ofFt g A BB L R ehP i R T

PE v - ERATERDIGOHA v 174 &2 176 2R %2 f[,iaavr W EHRF (=R 174-

176) 2 7 & 4251t (glycosylation) 7 Bf > f*TELZF|hR ¥ H ¢ > KA 8 174 & 176
A2 - AN W g B 174176 R LR 0 A SR RBAL SRS

Bhi - XME B - BERpad 3 7 Flt o @ P i R A
FRAVEAMT R AL B 4 (Mo MDCK £jg T35 ) % 7 e X 4
Bl M EEARE- HEFE o FRY - £ 2 % = EATRET G54 quasispecies R
$ARENRLEFFRY PB2-PBL &2 PA» ¥ iy FIA 2 A B E N2 RBIEAE
FAR b eEiE 2 RAREIS (4o 33~34 &) T2 f AvE S 3 36~37 A -
e o BE A E TR RBR T A FrE LRGP AR 3 ¥ fe 4 quasispecies
EEFFFEBAGFIRGEI RN FERACREFALZERY LA LF 73
A EERLOEG et o AR Ed B S TR R SRR RS
WA ERBEAFUL RN FEAFPER R A RFFD S FN AT LB R
Hispd P Rss Geflr Lopd Qv wa 8- 2% p3 > BiF e R
RN mpA R ) BT AR IR S RRAGESRE B RERDMOT R T
2OELR YR iEa A NI R IRE FE G et B R R TP E
MERAOATIME B REM FY Y PHRORRR LIRS Y g
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TERN U - Bog el X 5 L_]]?i—a- 0 fdF om o R-Y -w R E R (HA) 2 A i s (NA)

FH o HA Y @ 3 e RAROFEV R E SR iy En G
AP R 4 o T M FURS Y oakd o igs RURE R Y KRE E Y 3?%%@ R
i) %«kf“}_ﬁigiﬁmﬁ",? 2% 2P Il BRTF) WAs Fdopt ZEFELE

HHRAT 0 F F AL SRR NP AP T RPUEA R A E AR o d
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BistpMECIZ2 2 8 A EZ LY T BRI A BB R A 0 R T HRIR
%&ﬁﬁﬁﬁﬁ’{ﬁﬁﬁﬂﬁiitiﬁoﬁﬁ%&’%%iﬁﬁ@%i%ﬂﬁ#a
B FERERF A ROT RRRE PO Ly e R L BB R L ROR IR Y
MEARME AT E o FFEFOL T Ra o e UG TR 1;,;?']}};‘34 B eh
A E o AAEFRBR LA T RE N TR LR ER A o F AR A E
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/\\m\gg

% 1~ Fetmgg ety A(H3N2)IME 4 quasispecies 3 PB2 3¢ 22 2 R ¥4

7

(A) 2t % % %

PB2

a.a position 386

swab \Y

sputum L

9.63

percentage (%)

(B) F & % %

PB2
a.a position (nt) | 686(2058) | 7192157) | 729(2187)
swab T A G
sputum G G A
percentage (%) 2.88 8.05 3.15

% 2~ berwsg o ek A(H3N2)IME 4 quasispecies 3 PBL 3¢ £ 4 2 X %

bl
(A) 2 & % %
PB1
a.a position 61 | 480 | 535
swab S R I
sputum T K T
percentage (%) | 3.15 |8.04 |2.45
B) F&R%
PB1
a.a position (nt) 176(528) | 445(1335)
swab A C
sputum G T
percentage (%) 9.21 6.60

% 3~ Fetmg T et A(H3N2)IME 4 quasispecies ¥ PA 39 24 2 R84 H

(A) 2L & % %

20




PA
a.a position 11 | 118 | 231 | 618 | 621 | 627
swab L 1 T ) 1 *
sputum p L A A T G
percentage (%) | 2.21 [2.47 12.20] 2.40 [2.24 |2.38
B) & %%
PA
a.a position (nt) 104(312) | 496(1486)
swab A A
sputum G C
percentage (%) 2.34 3.94

% 4~ Fersg et A(H3N2)IME 4 quasispecies 3 HA 39 24 2 R B A 47

(A) 2L & 3% %

HA
a.a position 522 | 524
swab K N
sputum E K
percentage (%) | 3.86 [3.52
B) F & %%
HA
a.a position (nt) 269(807)
swab C
sputum T
percentage (%) 6.45

% 5~ Fedwsg et gf A(H3N2)IME 4 quasispecies ** NP 306 24 2 R4 45

(A) 2ok % % %

NP
a.a position -
swab -
sputum -
percentage (%) -
B) F&%%
NP
a.a position (nt) 175(525) | 228(684) | 494(1482)
swab G G A
sputum A A G
percentage (%) 43.83 2.45 2.83
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% 6~ Frermg T et A(H3N2)IE % # quasispecies 3 NA 39 24 2 R4 45

(A) 2t % % %

NA

a.a position 263
swab )i
sputum Y

percentage (%) | 5.49

(B) & % %

a.a position (nt)

swab

sputum

percentage (%)

2 7~ bt g e g A(H3N2)IME s # quasispecies * MP 36 24 2 R4 47

(A) # % % %

M2
a.a position 43
swab F
sputum L
percentage (%) | 4.41
B) F & %%
MP
a.a position (nt) -
swab -
sputum -

percentage (%)

%8~ Ferwmg v v et A(H3N2)IRE 4 quasispecies ¥+ NS 3% &

(A) 2l & R %

NS1 | NS2
a.a position 3 3
specimen S S
cultured virus P P
percentage (%) | 4.02 | 4.02

(B) F & % %

22

4 2

_—

N

B4



NS

a.a position

swab
sputum
percentage (%)

% 9~ A(H3N2)im g s 4 3¢ ~ T ¥ 3§ quasuspecies 2 & FIR 2 & R RS A 45

No. of Viral proteins
miaton  PB2  PBL PA HA NP NA  MUM2 NSINS2
1 1 3 6 2 0 1 011 11

Total 16

% 10 ~ A(H3N2)7w g :),ia-% 3~ TeEwiE quasuspecies > A FIRF & R BB A 49

Viral genome Number of synonymous
segment mutation (26)
PB2 3 (27.3)
PB1 2 (18.2)
PA 2 (18.2)
HA 1 (9.0)
NP 3 (27.3)

NA (o]
MP (0]
NS 0
Total 11 (100)

% 11~ 2015~2018 & 4 #f =¥ w3f H 4 A(H3N2)7m & 5 # quasispecies & 4% 2 R # (2
&R 2017-2019)2 $3k B %

Mutation of No. of specimens with designated mutation
quasispecies (% of quasispecies)
E78G 11 (0.13~0.40)
K108R 15 (0.11~0.32)

N137K 0
T144A 13 (0.14~0.37)
T147K 0
T151K/N 0
R158G 12 (0.12~0.39)
S160K 0
N187K 1(0.11D)
H327Q 10.14)
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% 12~ 2015~2018 # 4 % b v i if 4 A(H3N2)7n g s # quasispecies R # 8L R
ZHH 10 22 Bt e %

No. of presence

AA. Position

Mutations (% of quasispecies)

10 281 S281G (0.74~0.31)
9 181 N181D (0.40~0.37), N181S (0.47~0.32)
8 - -
7 102 L102P (0.44~0.32)
6 130 S130P (0.39~0.36), T130S (0.47)
5 95,224,257 FO5L (0.58~0.31), R224G (0.63~0.26), D257G (0.41~0.27)
K43R (1.09~0.37), K43E (0.73~0.30), D101G (1.73~0.28), S123P
4 4,101, 123,217, 298 (2.80~0.27), R217G (0.49~0.31), I298T (0.43~0.32)
45T (0.37~0.34), I45L (1.16), D48G (0.44~0.33), Q60R (0.44~0.32),
N61S (1.11~0.40), N61D (0.36), T133A (0.38~0.36), T1331 (0.97),
45, 48, 60, 61, 133, 135, 140, 150, E135G (0.58~0.35), E135K (0.87), S140G (0.52~0.33), G150R
3 163, 171, 186, 199, 209, 251, 274, (0.39~0.34), F163S (0.41~0.31), F163L (0.31), T171A (0.45~0.31),
278,310 N186S (0.55~0.35), N186K (0.86), HI99R (0.38~0.34), H199Y (0.55),
F209L (0.59~0.37), T251A (0.44~0.36), F274L (0.40~0.36), F274S (0.37),
S278G (0.43~0.36), S278N (1.36), F310L (0.34~0.33), F310S (0.48)
E51G (0.41~0.34), Q73L (0.39~0.31), I74T (0.73~0.29), GTTR
(0.49~0.38), T81A (0.53~0.33), K98R (0.79~0.33), S126P (0.37~0.34),
51,73,74,77, 81,98, 126, 141,  F141S (0.40), F141L (0.40), V146A (0.78~0.35), T147N (1.37), T147S
2 146, 147, 151, 182, 198, 222, 240, (0.31), T151A (0.44~0.39), V182A (0.33), V182M (0.76), V198A (0.38),

241, 259, 280, 303, 307, 325

V1981 (0.88), T222I (1.30), T222N (1.05), R240K (0.61), R240G (0.35),
D241G (0.40), D241N (1.64), L259P (0.41~0.39), K280R (0.42), K280E
(0.42), S303G (0.56~0.31), D307G (0.44~0.32), V325A (0.35~0.31)

38,40, 42, 44, 59, 66, 67, 69, 70,
76, 84, 86, 89, 92, 93, 105, 107,
144, 149, 158, 159, 176, 179, 183,
1 188, 193, 205, 206, 208, 214, 216,
220,221, 242, 243,252, 255, 261,
264, 276,292, 293, 297, 300, 312,
314, 315, 316, 320, 321

N38S (0.27), T40A (0.61), V42A (0.30), T44A (0.37), V59A (0.35), E66G
(0.31), 167V (0.37), D69G (0.36), S70G (0.53), D76G (0.35), D84G
(1.25), L86I (0.95), D89G (0.44), CI92R (0.34), D93G (0.35), E105G

(0.28), S1I07N (0.77), N144S (0.99), N149S (0.34), R158G (0.39), S159P
(0.47), TI76A (0.32), A179V (0.89), T183A (0.43), E188G (0.35), L193S
(0.62), K205R (0.27), D206G (0.43), K208E (0.32), S214P (0.37), G216E
(0.99), V2201 (1.72), S221P (0.37), 1242T (0.30), P243H (0.28), 1252T
(0.74), P255T (2.28), V2611 (41.96), T264A (0.33), 1276V (0.30), K292E
(0.34), C293R (0.42), C297R (0.37), P300S (2.23), N312S (0.98), N314D
(0.32), R315K (2.78), 1316T (0.30), A320P (0.41), C321R (0.27)

*ND: not determined
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W 1~ 2017~2019 # A(H3N2)# & % HA 39 3 B p R ¥ 82 B4 4 {4
(A) E78G

Frequencies (coloured by Genotype at HA1 pos 62)

10

08

0.6

04

02

0.0
201635 20170 20175 20130 20153 201%.0

(B) K108R

Frequencies (coloured by Genotype at HA1 pos 92)

10

0.8

0.6

04

02

0.0

(C) N137K

Frequencies (coloured by Genotype at HA1 pos 121)

10

0.8

0.6

0.4

02

00
201635 20170 20175 20180 201835 201%.0

(D) T144A

Frequencies (coloured by Genotype at HA1 pos 128)

10

08

0.6

04

0z

o0

(E) T147K

Frequencies (coloured by Genotype at HA1 pos 131)
10

0g
06
04

0.2

[aks]
20163 2017.0 20175 20180 20185 20170
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(F) T151K/N

Frequencies (coloured by Genotype at HA1 pos 135)

10

0.8

0.6

04

02

0.0

20165

(G) R158G

Frequencies (coloured by Genotype at HA1 pos 142)
10

08
0.6
04

0z

00
20165 20170 2017.5 20180 2018.5 20120

(H) S160K

Frequencies (coloured by Genotype at HA1 pos 144)

10

0.8

06

04

02

00

(I) N187K

Frequencies (coloured by Genotype at HA1 pos 171)

10
0.8
0.6
0.4

02

0.0
20163 2017.0 20175 20180 20155 20190

(J) H327Q

Frequencies (coloured by Genotype at HA1 pos 311)
10

0g
06
04

0.2

[aks]
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W 2 ~ 2015-2018 # ez e #8 * A(H3N2)ing 4+ HA 3¢ quasispecies § **
2016~2019 # R 1 B2 ABH A 17

(A)

(B)

©)

(D)

(E)

S281G

Frequencies (coloured by Genotype at HA1 pos 265)

1008

B80%
S0%

A40%

FO5L

Frequencies (coloured by Genotype at HA1 pos 79)
10056

0%
s0%E

a0se

R224G

Frequencies (coloured by Genotype at HA 1 pos 208)
10038

50%
s0se

0%

1298T

Frequencies (coloured by Genotype at HA1 pos 282)
1002

eSS

S0

N61S

Frequencies (coloured by Genotype at HA1 pos 45)
10028

s0%

505
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(F) E135G

Frequencies (coloured by Genotype at HA1 pos 119)
10028

S0%E

0%

(G) S278N

Frequencies (coloured by Genotype at HA 1 pos 262)
10028

(H) K98R

Frequencies (coloured by Genotype at HA1 pos 82)
1002

s0%

0%

(I) T151A

Frequencies (coloured by Genotype at HAL pos 135)
1003

50%

0%

() V182M

Frequencies (coloured by Genotype at HA1 pos 168)
1005
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(K)

V198l

Frequencies (coloured by Genotype at HA1 pos 182)
1008

s0%6

s0se

2058

0%

(L) K280E/R

Frequencies (coloured by Genotype at HA1 pos 264}
10052

0%

£

(M) T44A

(N)

(©)

Frequencies (coloured by Genotype at HA1 pos 238)
10052

B0%

o3&

D69G

Freqguencies (coloured by Genotype at HA1 pos 53)
10028

BO%e
S0%

0%

S107N

Frequencies (coloured by Genotype at HA1 pos 21)
1003

s0%

S0%

0%
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(P) R158G

Freguencies (coloured by Genotype at HA1 pos 142)

10039
s0%
0%
a0%e
208
0%

2014.0

(Q) T176A

Freqguencies (coloured by Genotype at HA1 pos 160)
1005

20140 20180 2017.0 2019.0

(R) E188G

Frequencies (coloured by Genotype at HA1 pos 172)

10038
0%
S0%E
0%
208
2

20140

(S) K205R

Frequencies (coloured by Genotype at HA1 pos 189)

1003
B0%e
s0%
A40%
20%
o3&

20140

(T) S214pP

Frequencies (coloured by Genotype at HA1 pos 198)

10056
80%
s0se
“0%E
208e
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(U) P243H

Frequencies (coloured by Genotype at HA 1 pos 227)
10036

B0%

0%

(V) 12527

Frequencies (coloured by Genotype at HA1 pos 236)
10036

0%

0%

(W) 1276V

Freguencies (coloured by Genotype at HA 1 pos 260}
10028

S0%

0%

(X) N314D

Frequencies (coloured by Genotype at HA1 pos 298)
10058

B0%
0%

0%

(Y) A320P

Frequencies (coloured by Genotype at HA 1 pos 304)
1005

0%

S0%

0%
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