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Sequence Analysis of Small Round Structured Viruses (SRSV)
Isolated from a Diarrheal Patient in Wonju

Youngmee Jee'*, Ki Soon Kim', Doo Sung Cheon', Jeong Koo Park’,
Young Hwa Kang', Yoon Suck Chung’, Unyeong Go’
Young Hack Shin’ and Jae Deuk Yoon'

Laboratory of Enteroviruses, Department of Virology', Division of Epidemiology,
Department of Infectious Diseases’, National Institute of Health, 122-701, Seoul, Korea

Small round structured viruses (SRSV) are the major ethological agents which can cause
outbreaks of non-bacterial gastroenteritis or food poisoning both in children and adults. The
classification of family Caliciviridae 10 which SRSV belong, is based on the genome encoding
three open reading frames. The rotavirus is another major pathogen which causes diarrhea in
young children. We examined stool specimens obtained from diarrheal patients in Wonju from
which bacterial pathogens were not found. To detect causative viruses from stool specimens of
patients, reverse transcription (RT)-polymerase chain reaction (PCR) or nested PCR using rotavirus
or SRSV specific primers was performed. In this study, RT-nested PCR procedure which can
amplify a 330 bp fragment derived from RNA dependent RNA polymerase (RDRP) region
within ORF1 was applied for the detection of SRSV. For the detection of rotaviruses, a 877 bp
fragment from the VP4 region of rotavirus genome was amplified. As a result, rotavirus was not
detected while SRSV sequences were detected from one out of five specimens. The nucleotide
and amino acid sequences of the Wonju isolate were compared with other 6 Korean isolates
which have been isolated and sequenced in our laboratory. Sequence analysis revealed that the
Wonju isolate was rather distinct from other Korean isolates: the Wonju isolate was closer to
genogroup I of SRSV while other 6 Korean isolates belonged to genogroup 1I.

Key Words: Small round structured viruses (SRSV), RNA-dependent RNA polymerase (RDRP),
Reverse transcription (RT)-polymerase chain reaction (PCR)
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% Sequence Analysis of SRSV Polymerase
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1st PCR

<4 (Primer 35)
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Nested PCR

(Primer NV82) —p 33 bp <= (Primer NV81)

(Primer SM82) —p-

Primer 35 : SCTT GTT GGT TTG AGG CCA TAT 3’ (21mer)
Primer 36 : S’ATA AAA GTT GGC ATG AAC A 3’ (19mer)
Primer NV81 : S’ACA ATC TCA TCA TCA CCA TA 3’ (20mer)
Primer NV82 : STCA TTT TGA TGC AGA TTA 3’ (18mer)
Primer SM82 : 5°CCA CTA TGA TGC AGA TTA 3’ (18mer)

Figure 1. Diagram of genomic structure of human caliciviruses and primers used for nested PCR to detect SRSV.
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Figure 2. Alignment of the nucleotide sequence of 330 bp region of Wonju isolate with other Korean isolates.
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Figure 2. Continued
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Decoration 'Decoration #1': Hide (as '.') residues that match the Consensus exactly.
Decoration 'Decoration #2': Hide {(as '.')} residues that match the Consensus exactly.
. ion 3t & i =9It} 7} transformation reaction
6. TA cloning tion @ F icedll FITHF trans

229 fragmente] 971 AR 94
TOPO TA cloning™ kit (Invitrogen)S A}&-3}c]
cloningS =38t} PCR AHE 1.5 plg} distilled
water 0.5 ul, pCR-TOPO vector 0.5 W& 412 2.5 pl
TOPO-cloning reactiong 587t A& A] incuba-

2 28 EYrt. 0.5 M2] B-mercaptoethanol 2 pl&
One Shot™ cells vialo]l 2 412 ¥ TOPO-Cloning
reaction 2 plE 2 1 3027} ice 9ol W= sttt
42°C oA 3057 heat shock - A2 ¥ SOC
medium 250 plE ¥ 1 37T o)A 30%7F incubation
A7}, Prewarmed plateo] 2] competent cells

-251-



Z)%dn] E: Sequence Analysis of SRSV Polymerase

HYDADYSRWDSTQQRAVLAAALEIMVKFSAEPELAQVVAE Majority
) I I 1

1|0 2[0 310 4|0
2 e e e e e TA. . ... N.EIMMESFN .CRLT.N.S..A...Q Wonju-99.SEQ
z . . S .H. ... ... Pusan-99-2.seq
2 o e e e e e e e e e e e SI.Ss M -R. .. 0000000 . .. Seoul-99-2.SEQ
2 i e e e e e e e e e e . P .8 . . H ... Pusan-98.seq
2 0 e e e e e e e e .. [ P . H. I Seoul-99-1.seq
1 F oo v v v v v v e e e e e e .. 8. M.V ot v it v v e e e e e e Taejon-98.seq
7 HI .G R......... I.S Pusan-99-1.seq

DLLSPSVVDVGDFKISINEGLPSGVPCTSQWNSIAHWILILT Majority

t i 1 1]

50 60 70 80

il 1 1l I
122 EM .YV VKD.. ... F v . . N IM Wonju-99.SEQ
122 0 o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Pusan-99-2.seq
122 A . QL v A I. Seoul-99-2.8EQ
122 0 0 o v v e e e e e e s 4 4 &+ v s« v w4 e« . . Pusan-98.seq
122 F . e e e e e e e e e . Seoul~-99-1l.seq
121 A .RL v .V Q . . I . . Taejon-98.seg
122 A ov v v i e e e e T .S . I Pusan-99-1.seq

LCALSEVTGLSPDVIQANSLFSFYGDDETIV Majority

T T T

90 100 110

] 1 I
242 . L . e e e e e e e e e e e LQ.Y. Wonju-99.SEQ
242 . . . . . . N0 00w Pusan-99-2.seq
242 .S .MA. .S......V.,..H.C.. Seoul-99~2.SEQ
2 A . e e e e Pusan-98.seq
242 . .. . .. e Seoul-99-1l.seq
241 .8 .M. . .S....E.V....C. ... Taejon-28.seq
242 . . . I . . .85 ... ... .V .T . .C. f e e e e Pusan-99-1.seq
Decoration 'Decoration #1': Hide (as '.') residues that match the Consensus exactly.
Decoration 'Decoration #2': Hide (as '.') residues that match the Consensus exactly.

Figure 3. Alignment of the amino acid sequence 330 bp region of Wonju isolate with other Korean isolates.
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100% ethanol™ 3 M Sodium acetate (pH 4.6) 2 pl

£ AUFsle] 70Tl A ovemight precipitationdt
14,000 rpmol] A 3087+ Y421 E-2)5}<] ethanol-2-
W3] A AsIETh 70% ethanol 150 WE 2ol 10
7} washing @ & 587} vacuum dry st$it.

Loading buffer 2 W& g o vortex 3t ¥ 907 ol
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6 M urea® ¥ 3k ABI prism 377 Automatic Sequ-
encer Long Ranger geldl| running 3}$3 T}
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8. Sequence Analysis

ZZ5 330 bp fragment®] E7]* <YL Laser-
gene (Copyright© 1997 by DNASTAR, Inc)2] Meg-
Align Programme& AR8-3t] & Fe]F¢) H|w
3} 1L phylogenetic analysisE %8 A3 3A & Lo}
Bty F4e A& H-& A manual for the
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Table 1. Comparison of nucleotide sequences of Korean Isolates (% similarity)

Percentage of similarity/homology

Pusan-98  Seoul-99-1 Pusan-99-2 Seoul-99-2  Taejon-98

Wonju-99  Pusan-99-1

Pusan-98 Hokk 94.5 100
Seoul-99-1 54 K4k 945
& Pusan-99-2 0 5.4 Hoko
15
%" Seoul-99-2 38.1 39.8 38.1
E Taejon-98 36 32.8 36
Wonju-99 48.4 46.1 48.4
Pusan-99-1 30.8 30.8 30.8

63.5 67.2 581 70.2
62.3 69.3 59.3 70.5
63.5 67.2 58.1 70.2
*Ak 77.8 55.9 68.1
249 *kk 571 68.7
51.2 50 *rk 62

32.8 322 44.9 dkk

Similarity = 100 x sum of the matches/length-gap residues-gap residues

Divergence = 100 x distance/total distance

Distance = sum (residue distances) + (gaps x gaps penalty) + (gap residues x gap length penalty)

Table 2. Comparison of amino acid sequences of Korean Isolates (% similarity)

Percentage of similarity/homology

Pusan-98  Seoul-99-1 Pusan-99-2 Seoul-99-2 Taejon-98

Wonju-99  Pusan-99-1

Pusan-98 Hokok 97.2 100
Seoul-99-1 2.8 Hokk 97.2
:Z;‘ Pusan-99-2 0 2.8 *okk
g
%" Seoul-99-2 26.1 274 26.1
&  Tacjon-98 23 236 23
Wonju-99 45 45 45
Pusan-99-1 21.1 211 211

78 80.7 66.1 81.7
77.1 79.8 66.1 81.7
78 80.7 66.1 81.7
*kok 92.7 67 80.7

7.7 Fkk 64.2 78.9
43.4 48.4 LS 64.2
223 24.8 48.4 *xk

Similarity = 100 x sum of the matches/length-gap residues-gap residues

Divergence = 100 x distance/total distance

Distance = sum (residue distances) + (gaps x gaps penalty) + (gap residues x gap length penalty)
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rotavirus$} SRSVl tha] 43 3 A3} rotavirus=
el =) R] gekon, 1A A small round structured
viusg &Qlete] GrIME B S 883t
TEd 330 bpol A7IME R FHEALANA
B g & EaF 679 Y 599
nucleotide 2 amino acid sequenceE H) @3] £ A
3} (Figures 2, 3) nucleotide levelo)| A] 2] homology =
55.9~62.0% (Table 1), amino acid levelol] A4 2] ho-
mology = 64.2 ~67.0% (Table 2)5 H.FAJo] ¥
A & 9= &2l# 90 RNA dependent RNA

0=

polymerase -9 oll 4] &= nucleotide == amino acid

L.

7F Add e AL ¢ 5 AT 5l 2 F
B oohye} FlejellA EEid vl 2EH B
sequence ¥21-8 A A} 3 A 3} nucleotide levelol] A
£ 55.9~87.5% (Table 3), amino acid levelol] A} &=
62.4~94.5%2] homologyE 1 ¢t} (Table 4).

Pusan-98, Pusan-99-2, Seoul-99-1, Pusan-99-1,
Taejon-98, Seoul-99-2, Wonju-99+= Z ¥e|F =2
Z4zy ok, Mg, dA, 45 SR A EElHAL
o] 29] Eg]F9] EMBL/GenBank/DDBJ Access
No.¢} 211 8% & Table 59} 2o}

T ol A B E 7S] EFE AR Y

Table 5. 2185 =9 ¥8}Z9] GenBank Access No.9} ¥z =279

g Eaa s Access No. 2= Reference
Camberwell AF145896 Australia Seah T (23)
Lordsdale X86557 UK. Dingle & (8)
Hawaii U07611 Hawaii Lew & (17)
Desertshield U04538 US.A. (Saudi Arabia) Lew & (16)
Snowmountain 123831 US.A. Wang 5 (25)
Mexico U22498 Mexico Jiang & (12)
Toronto U02030 Canada Lew & (19)
Yuri AB001929 Japan Saito & (22)
Norwalk M87661 US.A. Jiang & (13)
Southampton L07418 UK. Lambden % (16)
Saratoga U07614 US.A. Lew % (18)
Pusan—98
Pusan—99—2
Seoul—99—1
Camberwell
Lordsdale
Hawaii
Desertshield
Snowmountain
— Mexico
*LToronto
I Yuri
l——-————-———F’usan—QQ—-1
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-1 Seoul—89—-2
_____.{ Norwalk
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1 ¥ 1 T H 1 1
30 25 20 15 10 5 0

Figure 4. Phylogenetic tree of the RNA dependent RNA polymerase region of Korean isolates and SRSV-related

foreign isolates.
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Figure 5. Phylogenetic tree of the capsid region of Korean and foreign isolates of SRSV.

3| BH nucleotide?t amino acid levelol Ay zyz}
55.9~100%, 64.2~100.0%2] similarity/homology =
YERR Gl o m (Tables 1, 2) = B35 70 & 3
9] B 11709 34 v ws] B9 nucleotide st
amino acid levelel|l ] Z+zb 55.9~93.6%, 62.4~
100.0%9] similarity/homology Z ¥ 31T} (Tables 3, 4).
g o Blas] ¥ 998 Clustal
Method= phylogenetic treeS- 122 Ax} Q== 2
2= sle] EeF
3 AE

Sequence &

Ql Saratoga virus®} 714 27
¢ T ARCH e RFE R Y
Zhell A & clusteringd}i= FAFS B o] %]
AR Aol A 2 Al 7)o Eald bt

22 B3 52X sequence7} A 2 Aro) TS W
3R T} (Figure 4).

= @l vlojH A HAL s ALS T
RNA dependent RNA polymerase (RDRP) 39| o] 9]
ol capsid 92| A7 L& vlwsla] genogrou-
ping¥t 232 HWH RNA dependent RNA poly-
merase®] YF sequenceS RO E 23S phy-
logenetic tree9}= A3 T E AL o & 9
(Figure 5). RDRP2} 7|4 Q& capsidB o} HEA
o] ¥ol At F2 A4 ™ genogrouping S T
Fdol 2 capsid 95 ALE3lE o) Yurd
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82 HL o
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N o
A rlo ﬂllﬂ «

MG BAe dA 218 Fo|7] W& phyloge-
netic treeol] F3FA] 1'\ SEQLTE. B Ao A B
¥ 95 Rg]5 = RNA-dependent RNA polymer-

aseE M w3 = ‘%_EE] Saratoga virus [13]9}

87.5%2) nucleotide level homology £} 94.5%2] am-
ino acid level homologyZ X< phylogenetic tree 7
dA 7bg 23 ddem g, F4 dE F
Al wejgt T Fe) 9= Aol T sequence
£ 7HA 2 58 EElth

i

i

et family
42 gywel 1A gol
TES A g Aol £
T2 % Genus Sap-
poro-like viruses, Genus Norwalk-like virus 12} 31
Genus Vestivirus, Genus agovirus2 F&3HH Genus
Norwalk-like virus&= thA] genogroup 13} IE F3#
H
Capsid 5% 2 71Z = Genogroup 1o &3t A
o8 &34 9l Desert Shield virus, Norwalk virus,
Southampton virus, Saratoga virus2} Genogroup II¢]]
%43t Aor g8 A 9= Snowmountain virus,
Toronto virus, Camberwell virus, Lordsdale virus &
2] straino] RNA dependent RNA polymerase -]
Z 7123 A A3 phylogenetic tree] &= Aol e
clustering %44 RdE & 4 AT [4-8, 13,
16, 18, 19, 23, 25]. £3] Desert Shield virus=
genogroup 1o} &3l nlojgl ~E £ o2 clust-
ering 3t S Ho FUuh o]y T YFE
capsid ®92] @7]MEHE}= RNA dependent
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RNA polymerase 791 2] @7 g o] Wols} Ah
Z o 2 Aol phylogenetic tree 4ol 4] genogroup 7}
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RNA dependent RNA polymeraseZ 7] 2 & 3§} H]
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