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Backgroud : In the previous study, we determined
subtypes of Human Immunodeficiency Virus type 1
(HIV-1) in Korean patients by partial sequence analy-
sis. We showed that eighteen of the nineteen se-
quences of HIV-1 from Korean fell into subtype B
and one fell into subtype A. At that study, HIV-1
identified as subtype A showed 40% diversity from
reference sequences and presumed to be a variant of
subtype A. The aim of present study is to determine
the molecuar biological characteristics of HIV-1 previ-
ously identified as subtype A.

Methods : Growth curve was determined. SI/NSI
phenotype was determined using a cocultivation assay
using MT-2 cells. A complete genome sequence was
obtained by amplifying overlapping PCR fragments.
Cowork was done to identify the subtype of HIV-1
previously identified as variant A from Korea (97
KRO004), Cyprus (94CYO017), Democratic Republic of
Congo (97CDKTB48, 97CDKFE4, 97CDKSI10, 97-
CDKP58). Phylogenetic analysis, distance analysis,

diversity plot analysis, bootstrap anlysis were done to
identify the subtype of these newly characterized
strains.

Results : We found that 97KR004 was SI pheno-
type. Complete sequence of 97KR004 was determined
(AF286239). Phylogenetic analysis showed that the
four newly characterized strains (94CY017, 97CDKTB-
48, 97CDKFE4, 97CDKS10) were closely related to
subtype A. Subtype distance tool showed that these
four strains fell to sub-subtype A2. Diversity plot an-
alysis and bootstrap analysis were done to identify
subtype of 97KR004. Nine subtype reference strains
and 94CYO017 strain were used as reference sequences.
These analyses confirmed that 97KR004 represented
sub-subtype A2/subtype D recombinant.

Conclusion : We showed that 97KR004 fell into
newly identified sub-subtype A2. (Korean J Infect Dis
33:71~717, 2001)
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cell : PBMC)?} PHA (phyltohamagglutinin), IL-2& 2}k
AA9lel PBMCE 3| wljokslH A macroculture assay<}
microculture assayS A]¥Ys}itt. Macroculture assay+= 25
mL FFETkael] g2} PBMC 10709 44 Foizt 55
o] PBMCZ 4o] #HEHog mLe 2x10°702] FE& w)
oksidel Aol ZXE] HIV-1 p24 LS Aeksto] nol
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TCID50S A& 319 om, Zoizt PBMCel| multiplicity of in-
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3 gjokslgdrl. NIH AIDS Research and Ref-
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1) Partial sequence analysis

o)A 9] AFA] AAEL PBMC culture 3
omic DNAo]| thal] nested PCRS A|3Y&}o] env gene2] V3
region®] 171419 AAsep.

2) Complete sequence analysis

(1) PCR amplification

Short term PBMC culture & PBMCZXE] genomic DNA
£ Eg|el9dr). GeneAmp XL kit (Perkin-Elmer Cetus, Foster
City, California)E o]-&3s}o] 47§2] overlapping PCR frag-
mentE ZFZ3g & PCR productE agarose gel electropho-
resisol| 4] Eelslgit). PCRE| primere} Z71S oA 7|&
5wl Aestdel’. PCR product® Qiagen PCR puri-
fication kit (Qiagen Inc., Valencia, CA)E o]|&3slo] |3t
o} vector pCR2.1 (Invitrogen Corp., Carlsbad, CA)S o]-&
&lo] clonings}-itt.

(2) Sequence analysis

Primer walking method&- o]-g3}e] PCR ZFZAHE2] 97|
A998 EAJsl9ir). Automatic sequencer ABI 377 (Applied
Biosystems Inc., Foster City, CA)-g& o]&3lo] G7|AdE
B Asl9d o, Sequencher 3.1 (Gene Codes Corp., Ann Ar-
bor, M5 o|-&3te] A7149& AR
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4. HIO|2{AQ| subtype ZA

1) O|1HQ| AT0A suptype ZH

Partial sequence analysisZ 734X env gene?] V3 region
9] 7| GE ofu|AAGD R HEs & =E5 reference
sequences?}9] aignmentE- A|3¥s}9ich
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BalF+= 97KR0M4E, 7|Z2 A~ BglF+= 94CY017%, E3
Lol HalF+= ZH2 97CDKTB48, 97CDKP58, 97CDKSI10,
97CDKFEAE. %%},
3) Subtype distance tool

sequence®] genetic
distanceE- F-8}7] $J#]l Los Alamos National Laboratory
web site (http://hiv-web.lanl.gov)ol|A] A}-go] 7153k Subtype
(SUDDS o] &algich. Subtype A (Q23-
CXCCG, SOSE7253, TZSES8538, UGSE6594, UGSE7535,
UGSES8891, 92UGO037, U455, UG273A), subtype B (HAN,
CAMI, JH32, MN, NYS5CG, P896, RF, SF2, YU2), subtype
C (92BR025, BW96BWO0525, DIJ259A, ETH2220, 301904,
301905, 301999, SE364A, UG268A2), subtype D (SE365A2,
94UG1141, C971412, UG266A2, UG274A2, 84ZR085, JY1,
NDK, Z276), sub-subtype F1 (93BR020.1, BZ126A, BZ163A,
FIN9363), sub-subtype F2 (MP255, MP257),
(DRCBL, HH8793, LBV217, 92NGO083, SE6165), subtype H
(90CF056, VI991, VI997), subtype J (SE91733, SE92809),
subtype K (EQTB11, MP535), outgroup (SIVcpzGABI)-E ref-
erence sequence® AR-£-}rt.

4) Phyolgenetic analysis

Reference sequence5-2} H|asl# e

Distance Tool

subtype G

Neighbor-joining methodE- ©]-&3}o] phylogenetic treeE
AsAer . A7l gapol ALY, A71AHe] 3t
3l HHEO of7|xdBAMol|A] A|¢)slgirt. Phylogenetic re-

lationship maximum-likelihood-& ©]-&-&}9it}.
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5) Diversity plotz} bootstrap plot analysis

SequenceZ}-2] percent diversitys= 400 bp =7]°] v]ZA
S 10 bpH o] A ATH A AA s} Diversity valuet:
400 bp segment®] Zo}9|x|ol EA|sIGth. SEQBOOT,
DNADIST (Kimura two-parameter correction), NEIGHBOR
PHYLIP packages o]-£3s}o] bootstrap plotS A|g¥s}3ich.
Bootstrap plotg 9l 400 bp =719 H]:ZA-S 10 bpA o]
EAA7PH A4 BootscanningS A #¥s}3itl. Bootstrap valuet
400 bp segment®] o} x]ol| ZAlslIct
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Figure 1. Growth curve. The x-axis indicates days in culture
and the y-axis indicates the concentration of p24 of super-
nant from coculture assay.
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a5 ZAAsYE olu|A AdE GenBankol| SE3l9lo
], GenBank accession number+ AF132052¢]t}. o]¥] oIt
AE THELAMESS Fato] NSt A Feldh
vlo| 2] A5+(97KR004)2] complete sequences A4 sl
Complete sequence?] GenBank accession numbers= AF-
2862390|c}.

4. HO|2{AQ| Subtype HA

1) O|XQ| AF0IM subtypel| HHE

Partial sequence analysisZ 32 env gene2| V3 region?]
F7)1AGE olu| A LDE 538 I reference sequence
9} alignment- AJ3sto] subtype AS} 7hd 5ol 5
gholslgdt). Phlyogenetic treer: o] A 2] ool AA|E o]
e

2) Subtype A29| gt

94CY017.41, 97CDKTB482] sequence®} 97-
CDKFE4, 97CDKS109] half sequenceZ- reference sequence
9} wv]azslo] phylogenetic trees 2}t (Figure 2). 45
© A2 TAS o] FaL 9L subtype A} 7HE TP Stell
x|l At, A reference subtype A€ thE 73S
o]F9lt}. 94CY017.41, 97CDKTB48, 97CDKS10S tjAle g

complete

SUDI program-3- o]-&3}o] subtype distance analysisE A]2j
31998 w| reference subtype A®}2] distance7} inter-sub-
subtype distanceol] |@eHS Wl o|Ate] olLE 94CY-
017.41, 97CDKTB48, 97CDKS10+= 7]&2] subtype A9] ref-
erence sequence®} B]i28}o] inter-sub-subtype distanceE X
o] Wolgoletm okt = glom”, wwilel] we} sub-
subtype A22}31 #H =),

3) Diversity plot2} Bootstrap plot2| A|ZH

TE2]FEel 97KR00450l] thal diversity plotS- A|3Bs}
9 tHFigure 3A). Reference sequence® subtype A~D, F~H,
J, K& A83}93 sub-subtype A29] sequence® 94CY-
017.41-8 AH&3titt 97KR0045F+ subtype A, B, C, F, G,
H, J, K¢h= vIs23 AR diversitys H3ick o2l H
QoA sub-subtype A2¢} 7}& e diversitys R, &
B B4 & subtype DO} 74 Y2 diversityS H.it}. Boot-
strap plotoll4] sub-subtype A29} subtype D7} cross-overE
Mol Mo} 33ulA WAEE o 4 lrHFigue 3B).
olg]gl ZA¥E 97KR004F7} thHHo| sub-subtype A2Z -
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23 vlolel291E o 4 gl
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Figure 2. Phylogenetic relationships of newly characterized viruses (highlighted) to representatives of all major HIV-1 group
M subtypes in gag, pol and env regions. Horizontal branch lengths are drawn to scale (the sclae bar represents 0.05 nucloeti-
de substitutions per site). Values at the nodes indicate the percent bootstraps in which the cluster to the right was supported.
Brackets at the right denote the major subtypes and sub-subtypes of HIV-1 group M.
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Figure 3. Diversity plots (A) and bootstrap plots (B) of 97-
KRO004. The complete sequence of 97KR004 was aligned
with HIV-1 subtype reference sequences. Distance values
were calculated for a window of 400 bp moved in steps of
10 nucleotides along the genome. The x-axis indicates the
nucleotide positions along the alignment. The start codons of
the gag, pol, vif, vpr, env, and nef genes are shown. The
y-axis denotes the distance between the viruses compared
(0.05=5% divergence). Bootstrap plot depic the relationship
of 97KR004 to sub-subtype A2 as well as representatives of
subtype D. Trees were constructed from the multiple genome
alignment, and the bootstrap values supporting the clustering
of the tentative recombinants with their parental viruses were
plotted for a window of 400 bp moved in increments of 50
bp along the alignemnt. Points of crossover of the two cur-
ves indicate recombination breakpoints.
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Az subtyped o]F WEF FRE wolZ Mol e
sister-subtype& A3}l AAEE FEATE F I
npolH| 275 3 659] nlo]H 7t M grouptie] AHE
¥ sub-subtype A2%-S 8}3lom, HAz|7}A] sub-subtype A2
7t 959 Ade el Yy T3k, 7Zzex", Fag
25Ve]l Fkolgick. Subtype D= FE FohLelzht
sotzelgtell frash, 3R qolA HIV-19] 5~40% 7
S5 AAgda 2asa g, A7l Fgdo] ujE
Foloal, Aol AFste] Agolyd T4 AHA
o] WYH Hoz dhdshrtelA] Lel¥l sub-subtype A2-
De| Az} wpole] = o], 53] ol AdelA] {4
HHe Ao FAZ A Al AdofAnt Kkl
sub-subtype A27} SiollA] Fel®l -2 Iufjel] vkl sub-
type®] HIV-10] FYHARE 7HeAs A, deort
ol f-3sl= subtypeell that ZHAI7F H Qs 53k

o]A 9] AAFolA AREL env gene?] V3 region?] o}H|
AR Zhgell Z7ste] HIV-19] subtypes 73738k
A Hae AFZelA HIV-19 §44 5 SRl
Adol] 7 sto] 247 subtypedt ohE RS A
ol ZAste] 2437t subtypeo] AZ ks 4 Slrk= Aol
a1 oleldt dgke] oiRE-S ol subtypeo] A
23t mlol ol 23t Zhede] Sls w ARkt 97KR-
0045-2] diversity plota AR AFAtEo] Aldaaidd
env gene2| V3 regionol] thgl partial sequence analysisZ+
subtype D9 Aj=23t o B-5 WY & glas &+ Yok v
b4 HIV-1 subtypeo] A=kl AAS JallA+= complete
sequence 22 near-complete sequence®] F-4lo] HQslriil
7Y

AZHS HIV-1o] §84o2 wslehe 28 o)
shitolct. o] subtypeo] fFefsl= A ofA] subtype7te]
Azt vpollzt AAY oF 20% AEE AAGTh B
A vk glov] Hx Sk A% HA. Azl
oLl woleizg AET B4, WRAAY Ao, WAl
o ok 744 ol gl 9g Az FAE o)
A Q25 Wk glesl Azt vlelzizrh 2 94 o
ol tieiAle Yoz A7t Hesith FuellA o}FA
AzedE HIV-10] Hausl A2 gley. Azt wle]z]ze] &
e s AR eRE B oodellA AE3E diversity
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Subtype®] vhFgo] Z= A3HH FeAX & dEA 3l
o1} subtype?] vtFAol 2= A =
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t}2m envelope?] opu| Al Ao 24% A% t}=3, HIV-
12] groupo| th=w envelope?| ofu|:=Al Ajde] 47% A=
Hol7h Q. wiA|uk olejdt FATE chekde] zHeld 3t
Aol Al ANl w|X= gl tiaiAle oA A
7b B3k, wheba] wiAl ARAl 2 Al f3lske Be
subtypeo|t} group®] EgHFio] Lozt slof] Wit A= H
=3k Aeolch. 9] QdollA] o] subtype] HIV-1of]
Zed=l ghAloA] AEESA wodukS(cytotoxic T cell Re-
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Al J—E%EMOF Aol gk A& glck

AREL T 3Rt Eelgk HIV-1 97KR004F7} A
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22X ol §38sl= HIV-19) subtypeol] thgt 7HA]7) Z
shekar Azt
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2 & AR5 o]He] dtol|A] partial sequence anal-
ysisE 3 = 3kR}ol|lA] Eldt 19522 HIV-12] subtype
S 913l v} 9ok @A A4 185+ subtype Bol] £}
G, 15 subtype Aol £3l%itt. Subtype Aol &3l v}
o] AF= referenceFo} oF 40% AHEQ| diverstiys Hof
subtype AQ] variantd 7}5AS JAsIEH B A F
4o AAEo] olAlel ATelA sbype AZ HFsieid
HIV-1¢] BB EAL v Aot

oW ulolelag ZARAL slelgi, uolelse)
89 A4S S8l MT-2 cell assays Al2¥3l3lc}. wlol]
29l A% A4S o BruaduTEy peld
DNAo|| thsl] PCR 4 cloning& A|3B3l complete genomic
sequenceS At} Subtype ZAAS Sl vl dEpnhal o
so) Ql7Als S BEATE Aaeisleh. ool subiype

A vhole] 2 oby

A9 variant® EFE|QE =] HEg]SF(97KR004)Q}F 7|EZE
2 Bg|R04CY017), ZaZ3E Ha]Z(97CDKTB4S, 97-
CDKFE4, 97CDKS10, 97CDKP58)el] th3ll phylogenetic anal-
ysis, diversity plot analysis, bootstrap plot analysisE A]3§s}
Sk

A 1} : MT-2 cell assayE E3ll 97KR0047} SI phenotype
2l dlglt). Complete sequences ¥1&] GenBankol| S5
ATHAF286239). 7|Z& HglZel Zu 3T HelZol
thal] distance anlaysis®} phylogenetic analysisS A|3&}9C
w, o]Eo] sub-subtype A2%-S 813th 97KRO0450l| thal]
diversity plot analysis®} bootstrap analysisS A]8§s}32 971
subtypeZ} sub-subtype A2Z ¥R 7= A HeFE
erence 2 AR89t} Diversity plot analysis®} bootstrap
plot analysisE A]8§sle] 97KR0045+7} sub-subtype A29}
subtype D] A=gH¥ s vrlc)

# 2:ARSS T 3kAollA] et HIV-1 97KR004

F7h AEZE sub-subtype A2¢ll Fol= npolE]=gls Bl
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