ot

b= X3518Es| X[ (2022) VOL. 1(1):23-31 / Review article

r

ol Z=0l X} vlo|2{Ao| AlshaF 8l

T =
dea

et ASFUXL HlO|HAE At2fel dziet 57| Mo HPHIS Ao ==
MBS S slusts oY T=xo e wE ZstE HA=ch w2t HEY gt
HME ol ASFAX vio|zfAo| ZTatE HF5t= 2ol i FLsio{, Lot
olz{gt AF= chE dH A[AHOM He = flc OlH2=2 s Zlatd=stel
WMol 2 7IdE & = Uch AL ASFAUX} Hio[2{AE ol =/RE AH =F=
QU T|zh Zlstell telt vmA EZo| FE 37|71 s0{E AR JIEE A
=32 oot MEE2 494 RS LZich oi2tM ofEt =5 olsz H3o
Fite|= ety BEE ZMSs 20l S8t A7 FHo|ct Lok Hio|2H A9
FOAH crdn et 25 Z2YSe 4 edS(EY¥Hol, M=, gl
FaAEA7|, gk gl M F)2 mefsty| flsh 7|E e d=2 HelE
JHetE HotRdstA 24 S oS HESIL =2+E AALEER HERs
HIO|B A HI7IME Z=o HE MER &4 YHE Jigsts AWo| S2s5ict

7|¥ = ASFAXL vlo|2{A, Zlet, =@HO|, AAME T =3

il
5§34 Sxolgta FE2s 557 239 9l nlolg oy
ek alo] A AAFoR A W o 27 kil dvk. @Y 7Fe (negative-sense) RNAS
4 42 7}AE= Orthomyxoviridaeo] <3l A, D Y H(type)o® EF AT o7]A
ANEFAA AF 3 BY wpolgznto] Abgre] A™A QJIEFAA F3(epidemic) s ¥o7|= Ho=
goldtt (Krammer, et al. 2018). Hlo|3|A PxjE= o @wid S ¥3hst= @07 o] gl om
870e] RNA A¥Ho] nucleoprotein % polymerase ©@¥ A} A WHEs FAscr. = gl
hemagglutinin(HA) ¥} neuraminidase(NA)¥E nlo]ld] =7} <5 MX U= H9
8% A%S otar Jow, uiojgla e =FHV] wEd S5+ W
A AT, webA HASH NAS] @A = =59 Aeuos 3yaof st AdEgtel] FolAl ¥ o
ofu| :eqt Aol w5 W= A Wt AE stE FAA ®td (Nelson and Holmes 2007). o] &gk HA®}

~

Hl

Al <]l %*%S‘E

NAY] wE & F+x W2 FJYdLA3(antigenic drift)dfar F-Ert. 1 Ay A% <=Fdx
vlol# 2~ (influenza A virus; IAV)S] HAS®}F NA A7IA <L Z3ZF IA Aol Y= o7 AEo=

E3lEglom  olo wel HASF NA A AF2] o}d (subtype)o] ZAHETL. AF7FA HAE Z 18719
ol (H1, -, HI®L=Z, NAE F 11709 oFg (N1, -, NIDo=Z  o]Fofzx Aoz
HZE A} (https://www.cde.gov/flu/about /viruses/types.htm). ZA¥}AH o7 J[AVE F g o]
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Z/goll whet HINL, H3N2 59 ofgow EfHert,

IAWVE 28lE X3ste= A& (Anseriiformes) ¥ EAMFE EEsh= =85 (Chardriformes)
] $- e Mo AAE o]Fo] Aolrle 2HE AU &F(natural reservoir) 2 A4bo} e H;E
Aol g\ AHow FAHHATE (Webster, et al. 1992; Olsen, et al. 2006). AA <F&=
Hlolgi o) Ao = FAbo] A7Zbex] e Ao 7 d#x vt (Hinshaw, et al. 1980; Kuiken
2013). o5 Edl® Ad 59 IAVeE o ARt AR xiste] Ax Mmoo ois] A& B
71= A} (Webster et al. 1992; Suarez 2000). gHA, dd Frgol 2|3

27 ERFFE S5 &4 7k dele dolgie 54w AVIMde] A€,
[e]
o

ek A] ke HEhA A 2
Iy Y F, 538 AMEHOoRY %5 ols(host switching)& WHEFHO R <dojylty. dE
£0],1918¢ oA Atgte® HIND o}y wpolgjxrh AYel diwde dozla 2 F A 3F
Aoph A= AdY gage= Ak, 1968d¢= 7S Abgke S5E2 Y
Hpol 2] 2~ (H2N2) oF Z=Froll Al 7]1R1gh Hiolef 2 Apolo] AjxFro] dojubm] H3N2 o} o] Ax7F =AU,
o] 5 mid A™A FAS o= npolg2rE HAH. 20090l = 7] FA AT HINL nfo] & =7}

A op 2FAAM Feldt vl Agat Axzes Aol A= obg(pHINDO] whEofAWA oS
Ao 2 F o} A7A o] o}F o AA o] o]l it}

=& SFAXL oA Tstol &4

FEAE CHYEol W MO, H7|ME K&, xf=g
JANEFAA wiolefxE vhE RNA wpol# =9k mpz7ix g g WIWNE EdAWol(mutation), =
o7 L FE A=Y (Elena and Sanjuan 2005; Duffy, et al. 2008). o]+=

= = A 534 (polymerase complex)”7} wvlolz{ 2 =}A| H-AXF(PA,
PB1, PB2)oA] ®WEolxH oJ7]odE= EA ©2FE wA(proof-read)st= o] Aoxo 3l7]
wl o]t} (Steinhauer, et al. 1992). EAWo|= nlolg]~ A o F74 WHolE dA o=
Agstn o= mpol s st YdEHoltt. EdAWolE o' S5 Ul A o" driAd
Aol A Efel] whe}l mlolyzo] Ay EHASE Hdubed, F

AaAZ FE, FNL SR QL olfe

7]

olr

A8 (fitness)=
]

1

(A
5
D

=1
=

),
it
2
(E
o
I
ki
e
5=}
o

el

S (deleterious), ©]Z-$(beneficial),
29l wWolnto] wlolga ok WolA £ WER F7Fstal i A (fixation)ol o2 AJzto

T

nlolgi 2ol 3l w3tz FFHEY. UM TH =54 =
ol A7), AAAE FHF, Hut HE Fo FEgle] Aol S (nutation rate), 5 HA A9
Hxzo] oajet ZA- =} (Birky and Walsh 1988; Charlesworth and Charlesworth 2010).

Ak 5001 Ezb RE HN2 whol s fVIMEe] FHA WEE duid dmst D
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59 (synonymous) Ao mFH HEAFYS uwl Aghel] et
FAA Al (molecular clock)E WEE 7t dojutS2S
ntolg o] EAWol7} g %5 oAM= ARt wep o

S el whel npole 2o G ZhE FRiWoel AgE, S AW 01%01 U}ED}* A7t 257
IAVE] 714 Aol oall dolAth (Kim, et al. 2022). 53] ©& HF2 4= 1AV} ofd ®=&

0
o

o

b

lo

N

o

o

°

2

9
T

M QElE ST E Sk [AVe] HlE| mE EAWolE: He Aol WEHATE. ole HAl Aol A
7t dojd FE 9 AolnHt= AE W HA £ X}Oloﬂ ofg GG HA £xef Aold
7}5 Ao Atk (Long, et al. 2019). 227} I1AVY x4 <5 (natural reservoir)e]il H-& Lo
7h5stell o7t kel Hk TR upelg]zo] AlRE =TT HAvE AS add o, AMEE

ST vpolgl et XSS AXA K nfoly 2o wWE HAE &I PES AATE U
(Suarez 2000).

=ddolet T QJAEFAA wpolElze] FHA vAHdS AAste Qlow Axd
(reassortment) ¥Ao] 9t} (Worobey and Holmes 1999; McDonald, et al. 2016). 3+ <7}
FAaAeR Aold F AEFAA wlolE 2o FA] FHS(coinfection)H o]l &5 AE oA F
viol gy 27} A BEAEH, M2 2YE = vlolels YRAbe] EFE= ZF RNA H ¥ (segment)o] o=
HFEouleolgfzoflA BEAlHeAE FEACR AAdn. web fHAHoR A= 23 dd
7HA &= wlolgi a7t SF8Al "l (Simonsen, et al. 2007). ol FAAAS e AE
of 9]¢k A3 (recombination)S T3 M2 FH4 PSS 53t AH 22 a4
olelg wielelx fHAE AXFF @S ol d¥Wox RNA FHAZE u¥olx
b wpol 2ol vE dojih= Ao] ofyar, Ao R ¥ ojx A & RNA FHAE AYE
, dE 5o ZEuYnlolg At HIVIIME A5 A1 Z ¢ (homologous recombination)oll 2]l A
U3 9t} (Bentley and Evans 2018). o= X|FAto] €43t A9 EE A Eo FAHABALS
= HEs Theke Ao shA ojxde] upelg 2ok AEH S b7 (Chao 1992). 53]
AEFAAp npo] e 28} o] o] Ao w yFof FAAE ZHA ¥ nlolg = AAE =HE 1)
eF7F dojurl Wi g7 Wil e vk 2 AEH 4, S AxFY offo] o]
vlolg) 2~ F2E A3 FASA TrEEAd e AstE o4 Aol aHT).

Hlol# 2~ A =3H2 1AVZ) TEZEE Al FYEo] dlf3(pandemic) S MAIE o)
&S 3trh (Nelson and Holmes 2007). 715 ARk Atole Auh=td [AV of& o] A3
& &5 Atold Aut=Ed upolej o] FAFdAr A (HASH NA) S g 53 A HaN2gt
pHIN1S]  difafo]  AIFEHJT. o)y  AxIFS T O AERE IAV oy S
FAdH ol (antigenic shift)ehar F-ErF, Hgk g o}F Wo A% uvlole] 2 ko] AZ2FL EAglo]
Adojtar gttt (Neverov, et al. 2015). A|ZFTo] dojurieE AL unlolglArt EAZ AxH
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[>

Aol 2 w dHAso] Ay = AR (lineage)’} A= slZddusE AS %\E'Eﬁdr. wheba] o
Hloly A FEES Hol AES(evolutionary tree)E AskA HFHW AdAvig o2 A5t

=
Fojzith. =, IAVe] 7} Ay d7IAde] A= st A2
o

ro
e}

S} whol2ls Q171 do] ARk F7kel whel oW WolE UehfA wpole szt Avhe =
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FFI AAddEe] Rimeh AZlel @¥ Sk, Abge] AMH S3E b= HIN2 ol 1
E H ovpole s Hbolrk, WA, tE o}y miUIA R
H3N2 mlo]lH 252 H& SdWol&d vig & A= FAHE A AA voldl2 F i (census
population size)ol H|&| W& FF AVIAE WolE YERATE (Grenfell, et al. 2004; Nelson
and Holmes 2007). o] AL tt=24 &, HIN29 a7 (effective population size; M)7}F
- Ao g o Qv fagddarie A4 Jas P ded e wel el dojue
7l R (Wright-Fisher EE)& ZAIS o] 29 Fdo] H7]E %3t} (Charlesworth and
Charlesworth 2010). H3N2 wioleii= &b HolA 1E 2 ghgdo] ojojx|=H = ARt
Bt 4.59 A= deA o ol =5 W T4
vpole 2~ AlE (uto]# 2 gk JRAIS] Huh)7) o]tk THES & o, o] wpolys S 4.5¢0
o
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Y. o A3 10d ol AA AFE nlold 2 ALY AgsE LY shuel 1
e o 7HA7E dEde ( “cactus-like” ) EYS d+=vh (Buonagurio, et al. 1986;
Grenfell, et al. 2004).

olFA v o] FEAGIAVIE THAE olfFE oY M-S AT 5 vk AA,
ATAES AMZ2E Fd 725 7= HA®E NA ®lo|7} vk oz yehg AAdE e o3|
ol u45 e 34, 5 F922 3 (antigenic drift)7} 1AVe] A% EYS AA4dcia 7H43)
(Fitch, et al. 1991; Grenfell, et al. 2004; Bedford, et al. 2011). oj@l Wo]7} =& et
F7ILe]l e WHiLolAN He WERE wEA FristuA e AVIAd vddES A
an7)e BAHLE A (selective sweep)o] Bt st} (Maynard Smith and Haigh 1974; Stephan
2019). wpgbA 1AV W f-A14 vhefd 2 w4 MEld A (recurrent selective sweep)® 2=
7hdeltk. ey, AR wlolgze] TP ES nbEol AE#HolAS e W wEA
Aegdartoze= 92 Fayduar|el b8 SAFORE 7ey e A7IAE ¥old s AHE &
stk Aol g Aot (Kim and Kim 2016) .
g wWolo z&ste= F(positive)o] AAMdE oo fFaFHTEAT

FU'lN E -W ol
N 0o
N

N
=2

§2
flo

vy

a2 X
o O

i

[e}
S8 dosle I melezt AA A EASE £F(AIPS LI} o|Fe o
AEA xR AARG. A AE Aed Hur 9 g 4 Aol upd AL Hel

A
vol 2] 27F Fastar of Fol ZpHH A A vpolg 27k AEE. whebA wpole| 2o Hupr)p A& E7)
A Ewtel Fukt Alo]lE FAaFor AY¥E ool Fasth. &, e A9
Hlol# o] {3 Ao o]& A (colonization & extinction) FFS wkEH oz Ha, o]zt
AR A2 AAds o9l WEF Y (metapopulation) 727} A HTH, o714 259 upole A7}
A AtelE AUHW duto] aglE olojuyriAl W 1 3o A FH4 ol Hasks Jd
HEdd(population bottleneck)o] TAZTE. tivks=o] Aftho] o] d WHEIALS wWHEHow
AA HH AA AEY F44 gdgd, 5 Faddari= gastA do &9 A E(negative
selection) 7fAlS] AEEE HFE, 5 2L Edvo/ IRz Y AANE HFS Kot
=

Addeo] oe sz =AWl st AAE W 2 EdWolE Eedhe AVIMEE 2ol AATE
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Hp, o] F}Ho] uwjg =2 HER dojuyA HWHE Ax el B2 vlo]y{art wgd ARl
HAES  H@71A Xehe, &5 fFaddarivr #Zaske deol st olydt dds
vl 74 A ¥ (background selection)o]2}al 3t} (Charlesworth 1994). HlolEiA9ol EAet HAu=E

=

et e wMAe Av ou Adel A7 velex Ask AAAN A4H 54 FRE A,
Wepd vl we WER dolui Ayl Bdduolel 4% ¥R oldd wulds WA

A48 722 el e BAls} Ha WA

Ao} =719 dupy ZAsln s JAXMES A9 =r)
S alEslEA] B Ete] wpo]# 29
5

A3 QA FAS o+ v a2y olHd WHES He 71 g AE

AQFaole. o) wel sl HaN2 wholeise] 218 muE
F4sle W g9 wolol Agett Adde 3y glol Webgnel 8 wome A HA
[e)
o

g QIERUX; Tzt Mol FQ utx|

AEFNA; wolefzof] #et We AFee = etar ofA o] upolejxe] st Ao digh W
Fatol WME A i k. oE 5o, &F WA HuAgoR AEFFAA vl o] g4
TFz27F v ASA AdxEe]l dojdrtE AL oW dAFE dFHAoH, dwhy A5 &g
ol 7} At ele] od] AgE =A== BFAE . Koel, et al. (2013) 1968 HK-E 2003 714

pu =
H3N2 wlolg]~e] 3 Fx27F folstA viy= &9 S8 2~H (antigenic cluster) ZFko] A%
109 AA o]Folxom 1 F i shte] ofwite] XFEm dojdk o w 33Tt
o] HaN29] sml=FEd At A wid ##EEE = Q= ofbw|ab X g F dRyko] ulo]y 9]
He 3T 7ojste] AE

g < ov|gtry. Wk, Bhatt, et al. (2011)<> McDonald-
Kreitman B|2=EA fegt % = .

A3le] 2= FAH3+= WY (McDonald and Kreitman 1991; Smith
and Eyre-Walker 2002)& ulo]l#] 2 do]Eo] AHL3sle] ujyd ¢F 1.37]9] o}n|w=Ail x| 3ko] 2}l A el
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t} (Rambaut et al. 2008; Croze and Kim 2021). o]l thadl ¢ A3t F~8]% 2dS
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Title: Evolutionary genetics of influenza virus

Abstract: Influenza virus causes severe infectious disease in humans and undergoes very rapid
evolution in their antigenic structure, which enables them to evade host immunity. Evolutionary
analysis of influenza virus is therefore important not only for public health but also for advancing
evolutionary biology in general, thanks to several unique advantages that influenza virus provides
in research. Type A influenza evolved in its natural hosts, ducks and shorebirds, and spread to
humans and livestocks, new hosts that recently attained high density suitable for viral transmission.
Researches therefore focused on evolutionary changes accompanying such host switches. The
methods of population genetic inference developed for other organisms are being applied to the
viral population for the investigation of key evolutionary genetic factors (mutation, reassortment,
antigenic drift, effective population size, frequency—-dependent selection, and so on). It is important
to modify such methods for studying influenza virus, particularly to deal with irregular time series
of viral samples,
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