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Antigenic and Genetic Differences between the Prototype Nakayama-NIH Strain
and Korean Strains of Japanese Encephalitis Virus

Hae-Wol Cho, Jae-hwan Nam, Yoo-Jin Lee, Eung-Jung Kim, Ho-dong Lee,
and Hyun-Chul Koh'

Division of Arboviruses, Department of Virology, National Institute of Health, Korea,
'Department of pharmacology, Colleage of medicine, Hanyang University.

The characterization of the 5 Korean isolates (K96P10, K94P05, K91P55, K87P39, and K82P
01) of Japanese encephalitis virus (JEV) was compared with JE virus prototype Nakayama-NIH
(NKY-NIH) using prM/M and envelope gene sequences of the JEV genome and phylogenetic
analysis. The antigenic analysis of these viruses were done by the cross-hamagglutination in-
hibition (HI) test using polyclonal antibodies against Korean isolates and NKY-NIH. The se-
quence homology of the Korean isolates and NKY-NIH ranged between 87.4 % - 95.6 % at the
nucleotide level and between 98.2 % - 97.2 % at the amino acid level over the E nucleotides
compared. Alignment of E protein amino acid sequences revealed that residue positions E89, E
129, E221, E244, E327, E366, E459, and E477 characterized the Korean strains. According to
phylogenetic analysis bases on the E nucleotide, there are at least 2 genetic types of JEV existing
in Korea and Korean strains were distinct from NKY-NIH. However, the cross HI test results of
all the Korean isolates were serologically no different from NKY-NIH strain.

Key Words : Japanese Encephalitis virus, prM and envelope gene. Cross-hamagglutination in-
hibition, Phylogenetic analysis.
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Table 1 Isolation history of Japanese encephalitis virus strains compared in this study

Strain Year Location Source Sequence Source
K96P10 1996 Korea, Wando C. tritaeniorhynchus This paper
K94P05 1994 Korea, Wando C. tritaeniorhynchus This paper‘(U34929)
K91P55 1991 Korea, Wando C. tritaeniorhynchus This paper(U34928)
K87P39 1987 Korea, Wando C. tritaeniorhynchus This paper(U34927)
K82P01 1982 Korea, C. tritaeniorhynchus

Nakayama 1935
JaOArS982 1982
SA-14 1954
Kamiyama-1 1966
Beijing-1 1949

Japan, Tokyo
Japan, Osaka
China, Xian
Fukuoka
China, Beijing

691004 1969 Sri Lanka
Muar 1952 Sigapore
DH 20 1985 Nepal, Dharan
KPPO34- 1982 Thailand,
P3 1949 China, Beijing
8256 1982 China, Taiwan
826309 1982 India, Goa
Saigon 1962 Vietnam, Saigon
Indonesia NK Indonesia
p20778 NF NF
733913 NF NF

Human brain
Mosquito pool
Culex pipiens
Human brain
Human brain
Human brain

Human brain

This paper(U34926)
McADA et al., (1987)(24)
Sumiyoshi et al., (1987)(25)
Nitayaphan et al.,(1990)(26)
Hasegawa et al, (1992)(27)

Hasegawa et al., (1992)
Hasegawa et al, (1992)
Hasegawa et al., (1992)

Human brain U03690
Mosquito pool U03693
Mosquito pool u03695
Mosquito pool U03691
Human brain U03689
NK U03696
Mosquito pool U03692
NF 734096
NF 734095

* GenBank accession number, NK: Not known, NF: Not found

SEevensence primers,

5'ATGTGGCTCGCAAGCTTGGC3' (Primer JEMI, nucleotide 115 to 134),
5'GTCCAATATGGACGGTGCACGCGGAC3' (Primer JEV 271, nucleotide 378 to 403),
S'ATGCTTCAGTCACTGACATCTCGAC3' (primer JEV 731, nucleotide 851 to 870),
5'TACTTCACCATCCTCCTGCT3' (Primer JEV1, nucleotides 625 to 644),
5'GGAAGCATTGACACATGTGC3' (Primer JEV 9, nucleotides 997 to 1016),
5'GTTGTTGCTCTTGGGTCACA3' (Primer JEV 3, nucleotides 1430 to 1449),
S'ACTCAAAGGTGCTAGTCGAG3' (Primer JEV 4, nucleotides 1765 to 1784); five antisense primers,
5'AGTGGTGGTTCCATGCACAAS3' (Primer JEV 5R, nucleotides 1110 to 1129),
S'GTCCACTCCTTGGCTCACAGTC3' (primer JEV 1108R, nucleotide 1218 to 1242),
5'GGTGGCCTGATGTTAACTTC3' (Primer JEV 6R, nucleotides 1519 to 1538),
S'CTTTGCCCAGCGTGCITCCA3' (Primer JEV 7R, nucleotides 1892 to 1911),
5'ATACCTATCCACCCAGGCTT3' (Primer JEV 8R, nucleotides 2162 to 2181).

£2/ % RNAZ 233 299 8ul, RT buffer
(5X) 4ul, dNTP (2.5mM) 4ul, Random Heaxamer
(50 A260 Units, Boehringer Spelling) 2ul, DTT
(0.IM) 2ul& 413 70ColA SEZF ¥eA T2

A&l HE8] ¥l o WhEEo| Reverse
Transcriptase (SuperScript TM 1II, 200 units) lul-&
HIPE 42T FECA 308 g F 95TelM
ek Bas AA 2000 AAekel AlEate
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Table 2. Envelope protein 1486 nucleotide and 496 amino acid sequence homologies (% identities). All values were calculated by using PAUP 3.1.1 pro-
gram and based on the shorter of the two sequences in the pairwise comparison

K96P10 K94P05 K91P55 K87P39 K82P01 Nakayama Beijing-1 Ja0AIS982 691004 Kamiyama-1 SA-14 733913 8256 826309 DH20 Indonesia KPPO34p20778 Saigon P3  Muar
K96P10 *- 97.6 972 954 972 976 972 978 964 976 976 974 978 97.0 974 976 974 976 96.0 96.489.5
K94P05 99.1 - 980 958 972 972 968 974 96.0 972 972 968 974 966 970 972 970 972 956 96.089.1
K91P55 939 943 - 968 980 978 974 976 966 974 972 974 974 968 972 974 970 974 95.6 96.6 89.5
K87P39 86.6 872 919 - 968 974 974 972 964 970 968 97.0 968 96.6 964 968 964 97.0 949 96.0883
K82P01 89.6 90.1 947 956 - 98.2 97.8 984 97.0 082 980 97.8 980 976 978 980 978 982 962 97.089.1
Nakayama 87.4 87.6 915 956 94.3 - 99.2 994 9838 992 99.0 992 99.0 986 99.2 992 986 992 97.6 98.2903
Beijing-1 873 87.6 915 956 941 979 - 99.0 98.0 988 986 988 986 982 984 986 982 988 96.8 97.889.7
JaDArS982 87.6 88.1 917 97.0 953 97.0 97.1 - 982 99.8 992 99.0 99.2 988 99.0 99.2 988 994 97.4 98.090.7
691004 87.0 87.1 91.0 952 939 993 974  96.6 - 980 97.8 982 97.8 974 98.0 98.0 974 980 96.6 97.089.9
Kamiyama-1 87.3 87.8 91.7 96.0 94.8 97.9 97.0 976 973 - 99.0 98.8 99.0 98.6 988 99.0 98.6 99.2 97.2 97.890.5
SA-14 87,6 881 919 972 955 972 97.1 987 96.7 97.6 - 986 992 984 99.0 988 992 99.0 97.4 97.6899
733913 872 87.7 91.6 962 947  96.7 964 98.0 963 966 980 - 986 982 984 986 982 988 96.8 97.890.1
8256 873 879 918 966 951 968 96.8 981 964 970 983 974 - 984 994 996 988 99.0 97.8 98.090.1
826309 87.1 87.6 911 956 943 963 96.1 974 9538 966 974 973 967 - 982 984 980 986 96.6 97.2895
DH20 873 876 912 966 950 974 96.7 98.0 96.9 96.8 985 972 985 965 - 99.6 98.6 988 97.6 97.890.1
Indonesia 87.3 87.8 91.7 967 950 971 97.0 993 96.6 97.1 984 976 99.5 969 987 - 98.4 99.0 97.6 98.090.3
KPPO34 882 88.6 90.0 953 937 955 952 964 950 954 975 959 961 953 965 962 - 98.6 97.0 97.289.9
p20778 877 882 915 962 948 977 97.0 978 972 973 977 97.1 971 964 974 973 962 - 972 978887
Saigon 86.5 86.7 904 947 933 977 963 9.2 972 96.4 964 955 96.9 952 96.8 969 946 962 - 958887
P3 87.1 874 910 960 942 968 965 97.6 96.2 96.8 97.8 968 974 962 972 976 958 968 956 - 889
Muar 770 773 789 795 799 805 804 80.8 80.7 80.8 80.8 80.6 80.4 80.6 803 80.6 817 810 799 802 -
* Values above dashes (identity trace) are % identical amino acids and those below dashes are % identical nucleic acids.
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Table 3. The results of Cross-Hamagglutination Inhibition test with 5 polyclonal antibodies from G.P. and

9 JEV isolates. The HA unit of virus is 16

SNV kayama Tagor Beifing  K82P01 K87P39 KO1P5S K94P05 K95P20 K96P10
Antibody

K82P01 160 160 640 320 320 160 160 160 160

K87P39 160 160 320 320 160 160 320 160 160

K91POS 160 320 320 320 320 320 320 320 320

K94P05 160 160 320 160 160 320 320 160 160

Nakayama 160 160 320 160 160 160 160 160 160

=

Az cDNA 2ul, mixed dNTP (2.5mM) 16ul, sense
‘and antisense primer (20um) (Table 1) 5ul, 10 X PCR
buffer 10ul, Taq polymerase 2.5 units (Boehringer
Mannheim)o)| pfu enzymeg- 025 wnit2 H7}slm A
A kol 100ule] = FHFR HH S o
PCR mixtureE- Perkin-Elmer-Cetus thermal cycler
(Model 9600) (94T 13, 55C 13, 72C 3%, 30 cy-
ces) T&F T mpAur cyceol| A FEI po-
lymerization time-2- 7] ¢} 72°Cell A} 1027} 1 cy-
ded WH3El th FZe] B PCR products=
etidium bromideE F &gt 1% agarose geloA] running
slo] golatgith. K94P0sSh KI6P10L piM/Mol| Al
envelope gene7tAl S FEStT A= envelope
geneRhS FE3I ) AL&d primers Nakayama
strain genomic sequence [24}2 2 F st 23} o)

A 2stiet.

5. ZZAE9| cloning

%23 PCR 2HE & TA cloning kit (Invitrogen)
£ AHESt cloning stlom AVINE EAL

=
o]
T

slsto] 27 o) 4e] HYU R colonyE v kst
MG e BA s vt

6. Automatic sequencing

Cloning® ¢ Ey¥dulo)g) e SAAE BA
3}7] 91&ted ABI PRISM 377 DNA sequencerZ
AH-8-3+21t}. Dye-terminator labeling W4 © =2 b
<3171 918t cloning ¥ plasmid 1 ug, Oligo 3.2
pmol 1ul, reaction mixture (Perkin Elmer) 9.5 ul$&
ZH4E 20 ulg2 ARG 90 ColA 207 1
cycle, 96 C, 10 &, 55 C 30%, 60 C 487t 25
cycles WHS-31 9 v}, WH-2-3 Centri-Sep Z =& 0
2] reconstitute A]Z] ¥ o] & o] .83t ¥tLH 4k
€ FAsta @71 E -2 B ekt

7. The Analysis of Sequence homology and
phylogenetic analysis

Sequencing ¥ datas DNASIS$} PROSISE A}

S-38le] vla F-24 %%l ©n] Phylogenetic analysis
9] 8te] PAUP 3.1.1% AF-§38 o).

it oo

2 7

1. JEV gene2| cloning

K94P052} K96P10-2 primer JEM 13} JEV 8R-g
AL-8-5ta] prM/Moll 4 envelope7}A] PCRE 4l A
skl o 2066 bpef 4AHEE E<1%HE cloningd}
9 WA} ¢ 3= primer JEV 13} JEV SRS A}
43lo} 1556 bp2| envelope genewhS 9] 5}od
cloning 8}% t}. PCR 4FE 2 TA cloning kitZ &
4-6}4] cloning® 9. 2™ E.coRl & A Al-&3}a]
22l 3t S E colonyE F 7)) o)A} 21 5o
A7IX D T s

2. Cross-hamagglutination inhibition (Cross-HI) test

Tl 28] Fo it polyclonal antibodyZ A&
&Fa] Nakayama-NIH JaGar, Beijing 3 2 =) £g)
TE Alol2] cross-HI testZ A A8} t). HI test
EXA 2 fold A% Q2E 71eF ) table 39
Ao waw ) Re]lF9 Nakayama:o]
Hamagglutination antibody= & X}o] glo] Nakay-
amaZ:9} F] 2] % 9 Beijing, JaGar vlo]a] A2
inhibition &3 ¢t}

3. Nucleotide sequence accession numbers

ZUlA] BUE 47 vholexFel en-
velope gene 7] A 9-& NCBI Genbank data li-
braryell 553} t}h. Accession number= K82P01,
K87P39, K91P55, 2 K94P05o] thal|A 27t U
34926, U34927, U34928, = U349290]1; K96P
10 o7 v FA] Zdefoj ).
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(A)

1 80
Nakayama : AUGAAGUUGUCAAAUUUCCAGGGGAAGCUUUUGAUGACCGUCAACAACACGGACAUUGCAGACGUUAUCGUGAUUCCCAA
KO6P10 : ------ C-A----- C--U--A--A------ Covvvnnns Rervvrnnnmmnannneenn G----- Covrrrrnn c----C
KO4PO5 : ---«--C-A----- C--U A -Revvven Covvrvnns | TR R R TR G----- Covrrrrnn c---C
81 160
Nakayama : CUCAAAAGGAGAGAACAGAUGUUGGGUCCGGGCAAUCGACGUCGGCUACAUGUGUGAGGACACUAUCACGUACGAAUGUC
K96P10 @ - ------ 1 R U--Ueoeoronnnns Arvre- Covvrrnrrnnnnnns
KO4POS5 @ ------ B | P O UeUeovvomonnne A----- Crvervrmnrnannnnns
161 240
NaKayama : CUAAGCUCACCAUGGGCAAUGAUCCAGAGGACGUGGACUGUUGGUGUGACAACCAAGAAGUCUGCGUCCAAUAUGGACGG
K96P10 Y - TR Ug-Gr------ Co--ne [- T PN Covvr- co---- 1 PP A---G-G---- u-ce
K94P05 G- ug--G------- c----- - P P c----- c----- | P A---G--G---n- u--c
241 320
Nakayama : UGCACGCGGACCAGGCAUUCCAAGCGAAGCAGGAGAUCCGUGUCGGUCCAAACACAUGGGGAGAGUUCACUAGUGAAUAA
KS6P10 : ----- Revvrrrrernnenenns Arvvvvnns Aevvvoonns U Qeee--- PP A Crrrrrrnnnns cc
Ko4pos : ----- O, ) CEE | ORI | P = J
321 400
NaKayama : AAAAGAGGCUUGGCUGGAUUCAACGAAAGCCACACGAUACCUCAUGAAAACUGAGAACUGGAUCGUAAGGAAUCCUGGCU
KOBPLO ¢ - v v vvvvmrmnameeenennanns G- e P (e PRI A--vveee c----- U
KOAPOD  © - v - v v reemten et e ¢ PISUPI Aovovnnoee Covev- u-
401 480
Nakayama : AUGCWUCCUGG&G@AUMWGGW%AWMUMMGUWUGGUAWAU&U&UGCEG
KOBP10 © -+ vcvrvrvnnnnnn. GC------ Aevvrrornnennnn c----gU--C----- g----- G- u--g---g-----
KO4POS @ <+ ccecreiniannnnn GC------ Aevorrvnnnnenen C----QU--C----- u----- G----- u--g---g-----
481 501
Nakayama : UUGGUGGCUCCGGCUUACAGU
KOBP1O & +vvvvvvvmrnmnnnennnns
KOAPOE @ - cvovcvvvmivneeaninnn

Fig. 1. Alignment of prM/M (A) and the envelope gene (B) mucleotide sequences of 5 Japanese encephalitis
viruses isolated in Korea. Nucleotide position is numbered according to the order of prM/M and envelope pro-
tein sequence. Dots indicate identities.
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1 80
Nakayama @ UUCAACUGUCU™GuAAUGGGCAAUCGUGACUUCAUAGAASGAGCCAGUGGAGCCACUUGGGUGGACUUGGUGCUAGAAGG
KOBP1O  © svvoevvnneiaaann, [P e T ZS S ue---- Urveveon-
KS4P0S Y ¢ G- e 2 | P e - - - - g-------
a2t T | S | B o N
2y 4T Y | D § P o P
Ly Ao s A | P | B P PP
81 160
Nakayama : AGACAGCUGCUUGACAAUUAUGGCAAACGACAAACCAACAUUGGACGUCCGCAUGAUCAACAUCGAAGCUGUCCAACUUG
K96P10 : - U----- || PN (o BT o T [o2F I | I Uev-v-- AG--eveee-
K94PO5 ¢ ---U--.-- [ [o T [o 27 U | PPN | FETR A vrveers
KOIPSS ¢ - lerevreeerennn. o PO S O [ R AG-c-c-vv-
K8TP39 : - -Urvvvvrrerinnns o J Ueeeo-- AGrcrv-vn-
K82PO1L ¢ +--Urvvvrerrvvnenn F o |1 P AG: -
161 240
NaKayama :@ CUGAGGUCAGAAGUUACUGCUAUCAUGCUUCAGUCACUGACAUUUCGACGGUGGCUCEGUGCCCCACGACUGGAGAAGCY
K96P10 @ ----A----- [« TP cooees [« R  CER TR ArCeverevammraneannns c
K94P05 HEERREY PRI [ IR g----- (o T R | R R R R R R R R c
K91Ps5 I (o ) R T T T T Y c
K87P39 Do [ ¢ EIR N [ T R c
mPol L st et e C U .......................... c ................................... c
241 320
Nakayama : CACAACGAGAAGCGAGCUGAUAGUAGCUAUGUGUGCAAACAAGGCUUCACUGAUCGUGGGUGGEGCAACGGAUGUGGACY
K96P10 @ - -cc-e-- AcAU-e- cyc---- Crvrrerenneeanns |1 C-C--A---- AoUevvovvvvenes
KO4BOS @ ---vv-e. A A Qoeee- uc-- Covrrrereaannnnns i B C-CeAeeee A eUrvvrrrrennen
KOIPEE 1 - ccvevvrvnninanaen || PN ¢ ZS S
KBTP39 & ccvveererrnia 1 P 1 ES e
KB2POL 1 - vvvvvvrrrennnnineeennes [ F [ IR R R
321 400
Nakayama : UUUCGGGAASGGAAGCAUUGACACAUGUGCAARAUUCUCCUGCACCASUAAGGCGAUUGGGAGAACAAUCCAGCCAGAAA
KS6P10 @ -«-vevens | U c-..-- G- U -UeelUererrvvenns [ A UG- Aevees G
K94POS : cceeeennn Reorroronnnnnannn, Covrvnnne {1 Y ) C O, Crvrrr e
e 3 2o T S , B D
2y ¢ 1 T
KB2POL 1 - oo v e e [« T R
401 480
Nakayama : ACAUCAAAUACGAAGUUGGCAUUUUUGUGCAUGGAACCACCACUUCGGAAAACCAUGGGAAUUAUUCAGCGCAAGUUGGS
KO6P10 : ------- Go-- [ RPN A-C---- Covervrnnnns [ Coverrrnnnnn A--A
KOAPOS o - cv ettt et LI A
K91PSE & ------- G- [ PN A Cevnne Covrrrnnnnns [o D [ U A -A
K8TP39 @ -vcrvieniannn [ T Covrrernnnen A -
¢4 o Cevemtrmnear et A
Fig. 1B.



Nakayama :
K96P10
K94P05
K91P55
K37P39
K82p01

NaKayama :
K96P10
K94P0S
K91P55
K87P39
K82P01

Nakayama :
X96P10
K94P05
K91PS5
K87P39
Ks2pro1

Nakayama :
KS6P10
KS4P05
KS1PS5
K87P39
K82po1

Nakayama
K96P10
K94P05
K91Ps5
K87P39
K82P01

481 560
GCGUCCCAGGCGECAAAGUUUACAGUAACACCCAAUGCUCCUUCGAUAACCCUUAAACUUGGUGACUACGGAGAAGUCAC

561 640

641 720

PR [oZIRIRY TRY | NP A CA ...... [ R A-vvevenn

801 880

* ABGAGCCAUCGUGGUGGAGUACUCAAGCUCAGUGAAGUUAACAUCAGGCCACCUAAAAUGCASGCUGAARAUGGACAAAC

@
aaaaa
>

881 960

G aa &G
aaaaa
G



961 1040
Nakayama : ACAGUUGUCAUUGAACUUUCCUACUCUGGGAGUSAUGEOOCUUGCAAAAUUCCEAVUGUCUCCEUUGCEAGCCUCAAUGA

KS6P10 © -cvvcrerrennnn G -CAA-vvnrr-- Aevvonnns [ Y o) | SR A Covvnn UU-A--C--
ES4POS & < vcerecainnn. [T O TR Aovecnven 5 L | PO A-Ce-n- UG-A--C
KOIPSS & «vvvvvnnnnn.. G- CAR-rvrre- Aevveones |12 TR | L A Covee- UU-A--C--
K87P39 I co-r || E (I R R R L E TR N
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Nakayama : GCUUUGECCUUCUUAGCCACAGSASGUSUGCUCSUBUUCUUAGCEACCAAUGUGCALGCY
K96P10
K54P05
K91P55
KB87P39
K82P01
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Fig. 2. Alignment of prM/M (A) and the envelope protein (B) amino acid sequences of 21 Japaneses en-
cephalitis virus strains. Amino acid position is numbered according to the order of prM/M and envelope protein
sequence. Dots indicate identities. Residue position below * characterized the korean sirains.
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Fig. 3. Phylogenetic relationship of the complete
envelope(E) gene sequences of 21 Japaneses en-
cephalitis virus strains isolated in Asia. Maximum
parsimony trees were from the nucleotide sequence
derived by using PAUP software. One thousand
bootstrap replications were performed and con-
fidence limits are listed as % below each branch.
Horizontal lengths of branches, and the numbers a-
bove each branch, are proportional to nucleotide se-
quence differences.

4. JEV envelope protein2| nucleotide 27| A{<d

A
~

Ar

Table 19) Sl LB $eFF Atole] en-
velope protein®] nucleotide @ & w2 o)u] - AF
ML Tl E&8 WA Az Abg-eta
Fi L& G ule]g 2 o] prototyped! Nakay-
ama-2} 7 2} ¥] w3l o} (Fig. 1, Fig. 2).
Madel duME weFEe B 9,
A9 & Fefl = Table 10] Ve of. &= 2 &
25 Alo] 2] nucleotide @ Gr|MEe AEA

%% 714kste] Table 20 VERASI 24 ¥-2)
S Al 21004 FAE F9 Ak Kol A
98 F2 Ut Qed 24 1879 @2
4 Solge wolx ghx ek

2} #2159 nucleotide 5/ K.} ofu] i 4ke]
o] w2 AL A Wol AX7} wob-
ble positiond] = A Z 7] W&ol olw|=Ake] ¥
ol 24 2e Aoz tEhdnh T BYFE
Nakayama==¢} nucleotideo]] 4} 87.4 % - 95.6 %7}
A AEAel lem oAt MY 982 % -
972 %7 A AEAAL Hol3 Qth

Table 17} Table 2¢] w2 AR = njo|z
2 EFES B A Agde] 2a s
hEe R g d7IMdde] £ Holm gl

A 2
5. JEV envelope protein2| Ofo|:-4AF HI|A{d

A
21

AT

Ni & Barrett (1935)l] W} 2 envelope geneo)| 4]
4 REo opulieto] F2 Wate Zo| WA
91t} (ES1, E209, E244, E366). ¥ ol 7o) A= 28
9 Foro] Bio] Frtx AH AT (B227,
E327). o}ujx=AF A7 AME 3= E89, E129, E221, E
244, E327, E366, E459, E4772 sjolA] &g
Qe o] 2ol EHH 0 Wo|sta 9
o} (Fig 1B). ©]%¥9] ofuli=at o]z} F)%
939 B4%A 54 Ue e 234
&b}

Receptor-binding fusion sequence (E98-E111 AA)
[11], predicted T-helper cell recognition sites (E426-
E457 AA), potential N-glycosylation sites (E154-E
156 AA) [12] P &2 Hlaso]xl iR dr
HE £YF5 AlelolA ozt ad= A &k
t} (Fig. 1B). =&} attenuationol] BEA ¥ Ycim &
A =loj 2 (E138, E176, E270, and E333 AA) [28]
FE2 W B2FE9 ofnjAt 71D A
= A8 Wol7t FAIYA Akt (Fig. 1B).

6. Phylogenetic analysis

FelA Eeld 559 #2859 Nakayamas
H] 23k opAlo} Zh A gellA EelE dE HAR
2]F9] envelope gene H71M L& o] &t 1E
Alole]l A4 BAE ZAVSIYTH PAUP 3.1.1
programe-s  AH8-3t]  o]E  Ale]e]  maximum
parasimony analysisE 4% A2} 2159 Y]
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