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Phylogenetic Analysis of env Gene V3-V5 Region of
HIV-1 Subtype A Isolates from Korean

Joo-Shil Lee’, Eun-Young Kim, Chun Kang, Jeong-Gu Nam, Sung-Rae Lee,
Bon-Ki Koo and Yung-Oh Shin

Center for AIDS Research, Department of Virology, National Institute of Health,
Seoul 122-701, Korea

Phylogenetic analysis was conducted to monitor transmission of HIV and to investigate the
genetic structure of primary isolates from 12 HIV-1 subtype A infected Koreans. The individuals
infected with subtype A viruses had been diagnosed as HIV-1 seropositives during the period
1987 to 1995 and blood samples have been collected from 1991 to 1997. DNA of each individual
was isolated from uncultured or cultured peripheral blood mononuclear cells. V3-V5 (0.7 kb)
fragment of HIV-1 env gene was amplified by nested polymerase chain reaction and the PCR
products were sequenced. The mean value of the divergence of nucleotide of HIV-1 env V3-V5
fragment was 17.0+:4.06% (8.6~25.8%) within HIV-1 subtype A isolates from Koreans. This
diversity was higher than those of African isolates (13.712.66%). In the phylogenetic tree,
Korean subtype A isolates were not grouped together, but intermingled into African isolates. The
results of this study suggested that HIV-1 subtype A variants be introduced from multiple sites
of Africa into Korea and the big genetic diversity of Korea HIV-1 subtype A isolates may be
further influenced by the range of geographic locations in which the infection occurred rather
than the elapsed time between infection and collection of samples and the disease progression.
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o] F4 F: 3=Ql HIV-1 Subtype A £A

HIV2& F2 Aotxe] sl Aol ¢Ag 1 )
o HIVE 31 3 We]7k A3te] da) HIV type 1
Well = HIV-12] M (major) groupell %3} subtype
A, B,C,D,EF,G H %0 R [3,17],
M groups} A H .2 50% ©]*¢ ko] 7} & HIV-
1 subtype O (outlier)”} -7 = %1} [8]. HIV-2%E HIV-2
subtype A, B,C, D, E 522 7R oA} =3
54, A 9H 2 HIV-13} HIV-29] #-83}= sub-
type©] THET} [18]. HIVE] §3 7] Wol= HIV 3
A HA Fo] & S| gd 718 o]t
T 102 HIV 4l Ao 23 24
o2 Q4 : r} [6,21] EF WAl A ®ul o}
Yzt HIV 2+ A kol & HIV-1 subtype O S-¢] 7]
9] HIV-1/2 212A] ekol] 80~90% w+--3fof Aj =2
& A GA PAHE o] AIAH E [16]. B 0] HIVY
type ¥t olLj2} subtypeol] e}l pathogenesiso]
Apol7t & Ao FAHH T Yo [1011), 53
HIV-1 subtype C2] 7% syncytium inducing (SI)
phenotype2] H| &o] T}Z subtypeo] Blz] &)
ol o]l g 5] AWML o] 2 71H L
Aoz YzhEnt 23] meby e g Aj=o] e

= Wo]Fo 3l 2421 monitoringo] F &
gt zt Aol £ X, 33 HIVY fH4 =&
o8 ¥AM3t= AL vl$ F a3 Aot}

B A7 A9 Aol Fuel gl
el T4 T oA AHZ ) Y T
X #3333 9l HIV-1 subtyped BYJ-S uhal
B} glem, o] S0} subtype Boll A} 811}2) sub group
< 4331 &S Hadgog [9,12] £ 9
oA o4t AP Fo o HAY T F9 4
M AddE ACE FHHe dHoZRY g9
o] /d ol M & subtype B £] 9| & subtype A, C, D, E,
G 50| £el€& B3 v} gt} [14]. Subtypeo]
HIV A3, AY A& 42B3A7 =71 8
€ A€ obF g A A gt £ U] &
©] & subtype B straino] -3 3tA | Aol 248
295 BY ATE ol @ AL g &
A& Ol 4 A Aoz Yrec v o
i subtype B o] &]o]] Ziol FUF o} E subtype
ol X = subtype B} AL U3 S YENEA &
At A -2 vt A2 Ry 29 HIV-
1 subtype A T &2 F 1258 9| ZolM B2
HIV-1 subtype A%} v]indle] o] 52 /¢ A=, &
A gddd 55 EA3H .

Mz R LY
1. 47 o4

1987 -] 1998'd 129714 &Hd $-8 vt
HIV 2+ =} 847 Foll A HIVE] A7 £4 o]
A= € 797 Z HIV-1 subtype Aol 93 9=
Aoz A 129 A7 dde s 39

2. Genomic DNA £2|

FRELANDES FHo2 A8 Slste]
HIV Z3g =] 8o o 2 BE peripheral blood mo-
nonuclear cells (PBMCs)E Ficoll-Hypaque density
gradient centrifugation® 2 ¥-2]3l11 o] 5 Z X
genomic DNAE 28] 85t} DNA 288 93] A
+ IsoQuick (Nucleic Acid Extraction kit; ORCA Re-
search, Inc)E A28t 2.8 E2l¥ DNAE 260 nm
A FHEE F 8k A FeAt

3. SEELAML

olo

HIV env SFARAE ZZA)7]7] 93} nested PCR
< 75Tt DNA FES 93 w8523} pri-
mer 5 Delwart 5] & W3}
o} [5] ol #3 & 23] 71=sE PC
% =7} 10 mM Tris-Cl, pH 8.3, 50 mM KCl, 1.5
mM MgCl, 5 pmole2] Z} primer, 200 mM dNTPs,
0.5 U Taq polymerase (BM, Mannheim, Germany)7}
A 78 WS- ol genomic DNA 1~2 pg 713811
ddH,02 ¥+ S 50 = A3l fisst PCRS
FYPAT RN 94T 187, 5T 452, 12T
1%-3F 32 cycleZ ¥HEQF F 72Col| A 5E3t final
extension 3+ T}. First PCR ¥F-g-91 2 ulE DNA
Fg o7 3}la second PCRS 3]y} vha-2
A2 MgChe) 558 1.8 mME £A 3l 25 cycle
S Y3 AL A3+ firsst PCRA FU 3
t}. First PCR2] ED3¥ ED14 primerst reve] AH
A exonC 2 2] env] gp4l coding regionS ¥ 3}
3} 2.0 kb fragmentsE F-Z 3110 [ED3 (5-TTAGG-
CATCTCCTATGGCAGGAAGAAGGGG; 5956-5985
of the HIV-1 HXB2 genome: GenBank accession No.
K03455), ED14 (5'-TCTTGCCTGGAGCTGTTTGA-
TGCCCCAGAC; 7960-7931)], ES73} ES8-& Al-§-3F
second PCRo]| 2] 8] env gene2] V3-V5 regions 5
Z 359t} [ES7 (5'-tataaaacgacggccagtCTGTTAAAT-
GGCAGTCTAGC; 7001-7020), ES8 (5'-cagg aaacagc-
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tatgaccCACTTCTCCAATTGTCCCTCA; 7647-7667)).
Second PCRol| 93] %% ¥ DNA fragmentE &9l
3}7] 9 3ta] 1% agarose geloll A] TAE buffer= 100
Vel 4082+ A7) 958 % ethidium bromide-& Y
(0.5 ugmho 7 M3ty UV transilluminator= o
F3tA ).

4 H7IME B

env Ao F714E AL PCR productS #]
A F8 o8 A}8-3}7] 935l second PCR product
€ PEGE ©| &35l A et o). 2haks] A gatw
PCR productel] A mineral oil S ) A8}3 A} tube=
=20 F 20% (w/v) PEG 80003} 2.5 M NaCl-& 60
ulH7Eeka 37Tl A 1083 A 2] 84 o). 1023t
AY L] 4242 AAD F 80% ethanol 500
MIZ pellet& A4 shslch. S¥2F 914 B2l shed 4
FAE AT peller D2A F BT FFA
25 el =tk 1ML PAE DNAS 2%9]
forward primer [env52: 5-TTAAATGGCAGTCTA-
GCAGAA,; corresponding to positions 7004-7024 of
the HIV-1 HBX2 genome (GenBank accession No.
K03455) and V3F: 5-CCTCAGGAGGGGACCCAG-
AAA; positions 7315-7335]9} 2%2] reverse primers
(env31: 5-CACTTCTCCAATTGTCCCTCAT; positi-
ons 7647-7668 and ED33: S"TTACAGTAGAAAAA-
TTCCCCTC; positions 7359-7380)2 A}-8-3}a] Dye
terminators cycle sequencing core kitE o] &3} ulk
&A1%] F ABI Prism 377 DNA sequencer (PE Ap-
plied BioSystems, Foster City, CA)Z ¥4 3} t}.

5. Phylogenetic analysis

BelF2e §44 A2 AW7] ek D-
NAstar packageoll 2]+ MegAlign program & o] &3
Clustal V method2 %) 2 3} 31, neighbor-joining me-
thod2 Z # ¥ £2]3E 2] phylogenetic treeZ Q]
StEEA o]E9] FARAES M35 Subtype
= 2337 $13k] subtype A A HY 1552 re-
ference (A: U455: M62320; 92UG037.1: U51190, B:
JRFL: U63632; HXB2: U03455; OYTI: M26727; RF:
M17451, C: ETH2220: U46016; 92BR025.8: U52953,
D: NDK: M27323; ELIL: K03454; Z276: M22639,
E: CM240: U54771, F: 93BR020.1: AF005494, A/G:
92NG083: U88826 and H: 90CR056.1: AF005496)
R ARSI T 8] velel X E2lE subtype A B
% ok} o259 ¥lwat] eked w2 NI

9] Blasta databaseo)] 2|5 o] 9+ subtype A &
F = 9o 1453 (U09127, U08794, H-AUGenv,
H-AU4env, U48628, U72060, X72025, X80449, X
85040, A-AF06-1, A-U34049, A-X72059, A-X72064,
A-X90918)2 A sl vl m EAeg ).

& o}
1. ZLH HIV-1 subtype A ZtAXI2] o{8ts £

=Wl HIV-1 subtype A 242} 127 9] 2 24
o] B AA L 3844 2 314 A 474]9) AR
¥ 2 Jeblidth A2 dAde] 10801 oA
o] 2 0| Q1 Tt}. HIV-1 subtype Aol 7+ ® JA 10
< BF T g8 Rez FHFUh
, 108 F 99o] QgMgdoz o|F 642 o}
27t A 39 & o7tk RPN AR ol
e thE I E ol x Tl A SRIEA A
BEol Added FrPERE Y AHE, gA
ot ofol B AAE, zlo]H FolUh T3
182 ol Ftol A 8ol o) Y Ao
ZAE A 29 9] AL Tl Hgd gdH
S 2RH ZAFEAT. o] 5] BH BA) CDA' T
cell count ¥ 7 643 x 10° cell/L (361 - 1111 x 10°
cel/L)o} gl o.n|, & & Fof AL-&8 PBMCse 72+
e & Gt 2.8d ol Ea] =0t (Table 1).

2. U HIV subtype A £2|%9] %7|MY S

5 4N of

T A58 F2]E HIV-1 subtype A 12
F9] env A A} gpl120 V3ol A V5 B9 & &4
AH SRS o8l FEZ3}m V3-V5 99 oF
550 base pairse] g 71X L& AH AT o] = KR
3692] 73 % subtype A%l Ao 2 VFEMGAI R 47
A g Wol7k YR Aste] B A9 Az 24
Al A= Al 9] 3t th. Table 26l e uhe} 2o
oA 2] € subtype A 1159] G7]A Aol A
o] WolE HF 17.0+4.06% (8.6~25.89%) ©| Y
t}. v NIHS} Blastad] A€ HIV-1 subtype
A F B ATl ALE-3 145:9] subtype A ¥
FE FhdreA e E 158 AYslae 25
ofzef7tellA Eejd oz FrPHRE $3it
Y otzT}t B3, ofo| B I2E, S F
olth. Il Fo} = F3he] A7 Dol Mgl Wo
£ BT 153+3.43% (7.1~23.9%) o] om, 9=
Fre] 471 E WHole Hit 13.742.66% (3~
17.7%) oAt B AF Ao A ofxgl7} U &
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Table 1. Epidemiological data of HIV-1 subtype A isolates from Korean

Isolates Gender Age Risk Factor® Presumed site

Detection” Sampling
Occupation Time CD4+T Time CD4+T
(montly  cell  (month/  cell

year) count/ul year) count/ul

of Infection
KRAS822 M 37  Transfusion Africa
KRA908 M 47 HTS / MP  Africa/Europe
KRA915 M 41 HTS / MP  Africa/Europe
KRA919 M 48 HTS / MP Africa
KR024 M 41 HTS / MP  Africa
KR136 M 30 HTS / MP Africa
KR230 M 32 HTS / MP Africa
KR254 M 31 HTS / MP Africa
KR369 F 39 HTS/HP Korea
KR566 M 43  HTS / MP  Africa
KR503 M 33 HTS / MP  Africa/Europe
KR567 F 39 HTS / HP Korea

Seaman 12 /8 ND 7/93 547
Seaman 5/8 ND 71797 85
Seaman 7 /8% 1111 6 /97 55

Seaman 8/8 792 11/91 354
Worker 7790 995 6 /96 697
Seamen 10/92 334 10/ 92 334
Seaman 9/92 658 9/95 765
Seamen 9/92 710 9/92 710
Housewife 12 /93 ND 10/ 95 85
Seamen 11/ 95 361 11/ 95 361
Seaman 9/95 370 9 /95 370

Housewife 9/ 95 434 3/96 375

a: HTS, Heterosexual, MP, multiple partners; HP, heterosexual partner of HIV-1 positive individual

b: Detection, Date of diagnosis, ND: Not Done

Table 2. Interpatient nucleotide distances in the env gene

Region of envelope

Pairwise comparision of subtype A

% Difference

isolates n Mean Range
Within Korean 11 17.0+4.06 8.6~25.8
V3-V5 Within Reference 19 13.7+2.66 3~17.7
Between Korean and Reference 30 153+3.43 7.1~239

9] o3 F7telA £elE subtype AS] 7] He]
Aol B Aolg Botx ol Eel¥ subtype
A9 B Wolgo] ¥ & ).

3. L HIV-1 subtype A £2|%2| deduced
ofo|idt ME 2 U HEEN

Zdare] gaago 28 F Kol olE
subtype A B2 F v R Ad9 FYPF2 ug
SR T & AFolA A E 113 & Figure 19
phylogenetic treecll A “ebd ubel o] 57
2] subclusterE P4 3517] Bobe o8] Frte) §E
F Aol 2 Ho o)/, =9 BelF Sl
53] 77k AL 2E F ok =3 Figure

2¢]| subtype A W] & F9] ofv| =4t MEE A
Pttt ZAME 115 25 V3 loopo] 35749 o}
veato F4H0 obrldte] ZAHAL 3
7He A& 190t} V3 crown tetrapeptides= subtype
Ao A 7174 go] BAEE GPGQ7E 957, 123
GPGR#} GPGK7} 7z+zt 1504 2A = U V3
octameric tip2] consensus¥= RIGPGQTFZ HIV-1 da-
tabseol] 31+ subtype C sequence®} H] <=3l T} [2].
V3-V5 2-9]9] B E cysteind 2 B ZF o] gt

]

il

Qud o2 HIVE) §8A A7]4 L9 o] A
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Figure 1. Phylogenctic analysis of the V3-V5 region of HIV-1 env gene from 11 subtype A isolates from
Korean (bold shaped) and 32 reference sequences consisting of 15 distinct HIV-1 clade from HIV-1 Database,
and 17 different subtype A references obtained by BLAST search with Korean isolates. All sequences were ob-
tained from the Los Alamos HIV Database. The length of horizontal lines connecting one sequence to another
1s proportional to the divergence between the sequences. The tree was constructed using MegAlign.

T el art 944 3 A do) §99 73
< g Tk [26]. o}E e Fho A WA = HIV-1
strain #-3 3H1= subtypeo] Thakate] [25), subtype
A T otxe)stet A7 ol Za]slol N H8 3}
3 )t} Rayfield 52} 7 [24]o)] ¢l3bd o-zith
ol A AL 594v8 0] HIV 2+ 2} 2 57.4%7} sub-
type Aol =R o] F Hal5F9 C2-V3 2
o] Wol= e 13% (6~21%)=2 Vel on, gxa}
1 o}e] HIV-1 V3 neutralization domainol] 4] 2] o}n)
A el Wols 19%0) galtt [27]. ¢4 71&
© otz ke g Il gAlolE v 2
T 4# Aol Intravenous Drug Usersol] 4] subtype
AZH R 252 A9t 3 e, i Sl
A QoA E2ld 19933 % 7k Z ol A gp 120 C2-
V5 R-2le] #Ha Hol&ol 7.50%, 19961 717 2ol
A 386%%2 R115 25 [19], Kaliningrad A] < oj]

A 05%9) Wol &g Budtn o} [15] o2&
ATE L ok 7oA subtype A2) epidemico]
gHoz e Aol dojkom 2jrjole} o]
2 717 B¢ A 2-& epidemico] T3] Yot
A Gef o] B2 Wol & nf g W&s AA
gt

gy $8 YEks envd) V3-VS 29 9] Ho]
B =7t B 16.8% (n=8, 12~22.9%)2 $-7+t}s}
MlastdE § 2 Wo) &g YER QL ek o}
Heh W EE 5 delld Bt 28 sl o)
o= Fel Tt Wol &g A S W Ha ®
o] &o] Wt 14.7% (8.6~21.1%)= = F3te] W
ol & Ht} o @A velyoh =3 Figure 19] phy-
logeneic treeol] A =)} subtype A ) B8] F7H
o} FARAATY N7AE Aol o 23l =
Fob = F3te) FARAt 6 s e
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Atk o] 3= subtype Aol zHd® Abghel 33
28 A HL v Pt Table 19 FA| G vts} o)
subtype Aol € FUl gAY YREL
P93 159 ¥Q0E o]EL ofxi]F} A
X BHZe o) 2gE Aoz FHH
TEhA Sl HIV-1 subtype A 22 F9] §-3F ¥
ol&o] £ AL 92 et subtype Al <]
o] 22 Aol o] Fojz WY Ro] ol]a} sub-
type A strain®] §¢}o] thFg 2| g o 2 g o] F
oS Wt m AYtdnt ol Ak =
Wol X £21¥ subtype E ¥-2] Foll = #ZH )
=, oA £2] ¥ subtype E ¥-8] &= F) &
2|3 BohE Y53, 53] ofrjole] B Fel &
AHA 7L 7H7H2-& Ve ok (unpublished data).
2 vebeh FARE A 971 )R o) oo 1
282 Fdotaloboll M HIV 44 &o] v ¢ 2o
Z7be] AL Az o) HIV gt 27 A)7] ¢} HIV-1
subtype®] E£X= 9] }abe} wiszsit} [22]
AL 58 vatele g 5 3 Ro
A AT F3 k= HIV-1 subtypeS Bo] i sub-
type At EE W] 23 thek3t subtypeo] WA &
d8o] fALS HelHol A H3E subtype A2
Hol & (n=3, 12.8%, 0.9~18.7%)°] o}=Z2|7}s} &
AR A2 gkt BuEdeh aees ¢
2] vYeheh ") o] R LI BALo B
3 SN g sl fYsE MEs Ao
2 52 YA & HIVY) thfAd & g o] doj
G RG] Aela $¥o] 4L o 2L S Yt
HIV-1 subtype A°] 3ti= subtype B H-3= Eoj
Hlgtel iAoz A7, 2ud FHo| At} Sub-
type B 1| 39 A8 Sl F83l7] o o
YA FE AFH 51, subtype B g) Sl A] wA
71 A Fete] 199093 28 FH8) mE &
B2 FdoN ol Aoz A7) wEof W
A ddFRA go) dFEAT [20). TR AA
o2 HIVel ZHgElo] o= A9} 3 AR o)
#EEE 7S 13T 9 subtype A= subtype
C Est tEo] 714 & 228 X stn Yo} o
g o] 2 subtype Aol 3t A7/} &Mooz
HESIA Rasojofgitt. $-2] vate oA
BAZA J3 ZFER AEL o) B4 L 1
B3I A9 BF subtype Boll 7rdElo} gl 9]
oM g8 A} 159 299 ME non B
b2 AR A C D, E G, H) [13,14]. $2] 1}a}e]

HIV Aol 24 34 A9 S Joka 542

a2 I IR oF 850 F FE 47 sub-
type Aol s Y& Aoz FFA Fy
HIV #2859} subtypeol] dst] A8 E e o
3t Il 3521 subtype BE A 9] 3}32 non B
Fol| A= subtype AV} 71 Bo] e Aoz
Baxx gle} [9,13] ¥ & ¢ vt e
o2 TS A3 A4 Aol opleln
st = §-2] Ut HIV g ale 983 548
2 sPHE W F¢E non B F9A £ subtype A
7 744 B2 HlES AREgdn FHBY. go
2 ©] % non B strain] Sjol] o] ¥ A Aoty =7}
£ FA3tcdol gttt oA 7R Lol HdE
WA W e dAFE ddA e aE ¥
T4 Be AL F@HA oY 29 #5354
4xol] FAete oA o] subtype Eofl 7HE = R -&-0]
WHEA7] 2o FF HIV-1 {3 F71 oJRA
¥ 8 &A= v)A]geo) ).

Subtype} HIVS] Ax}-g F& AMA AR 4
FBAA A alde g BANE Eo =0
o gt 2] yetol So] 3 subtype B strain
ol fraiatA | Ao 283 2 ol T F3
Fot ¢ Yo wo HIV e 34 &
5, 22la o9 AHAALLe) A Fo) &
o2 dyolol & Aojcth oA £ H sub-
type A9} E strain®] o] 9)3l¥ o] 5L % 7}
4 A9y FYPFF e glong o)y
Ao} AFste] £ etol]l 5] gt subtype B
straino] -3 3tA € A FAEF 8AE F
HA Az ¢ e AL %8 Vake HV 2y
Z7]° @A) #3 3t subtype B straino] §4 &
Ach= 7P elh v B AF7 9] subtype B
o AF AAo A §8] ke HIV HY 271 =
1980t el A 90dd] zo Fe® HElFe
AA -8t strain? @} o] 2 3t strain F o]
8209 oajA A FAFI AYHA =S
AT Fart gidm A =3 blolyx
o) A A A dBAFE AT Q)
oA &FQ) Abgre] A A o] ddRIE ez
FALEE 7H2d M2 hE subtypeol] FEE group
o] AR A=Y 2o, survivale] #fo] Fof o
g A &AQ A7t ey gl $-2 et
HIV-1 subtypee] E¥ 9} o}E 2] ¥ 3}-E monitoring
ste] HIV 219 1879 44 H3lE ghofstodof
gots Ay zhe o
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$-2] Jato] 592 HIV-1 subtype A= o} =g
7hel A2 A Fo 2 RE FYso] datdon 7
A e w4 B FAJQANA A= FEE
Boln vk dA $7 uvee] HIV-1 §35<
subtype B7} subtype B Wj ol A] 581 3 subclusterS
o] F+ A= &3 subtype A straino| A EF 3
FHFE AR ggton, A7NXL S v ws}
AE o 23|18 ofZFt EalF9 fAH
Zjol A B2 9 Intra subtype A} gp120 {4 =}
o] V3-V5 #9819 g71ME Wel 17.0+£4.06%
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