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Typing and Sequence Analysis of the VP7 Gene of
Rotavirus Isolated from Infants in Korea
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Rotaviruses are the most common cause of severe vomiting and diarrhea in children worldwide
and classified as a genus in the family Reoviridae. Rotavirus has eleven segmented dsRNAs and
the virion consists of three sheils. Outer capsid VP7 and VP4 induce neutralizing antibodies and
are classified into G types (glycoprotein VP7) and P types (protease-sensitive VP4). Characterization
of VP7 gene of Korean isolates of human rotavirus was performed using multiplex PCR and
nucleotide sequence analysis. After RT-PCR amplification of full length (1,062 bp) of VP7 genes,
the amplified PCR products were G typed by multiplex PCR and the nucleotide sequences were
compared with those of reference rotavirus from GenBank. The G type analysis revealed that
25% (2/8) belong to G1, whereas 37.5% (3/8) benong to G2 and G4, respectively. The Korean
isolates within the same serotypes showed high homology of nucleotide sequences and could be
discriminated from foreign isolates exception with two strains (CAUO009 and CAU022). But
Korean isolates CAU009 and CAU022 were close related into japanease isolates 417 (99.2%)
and indian isolates (97.6%) than Korean isolatese. Our results showd that these two strains were
supposed to be originated from abroad. As a results, The G typing and nucleotide sequence
analysis of VP7 gene of rotavirus isolated from infants in Korea could be used for identification,
serotying and determination of novel or unusual strains of rotaviruses.
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Bt} (Table 1). WA VE6 MoAb
FAHGZAY (enzyme-linked immunosorbent as-
say: ELISA)© 2 2 Evtoje| 2o G {5 &9l
@ 08 Pl AHE el AR ST
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2. Primer

Zeptol Y A VP7 AA FHAE FZA)7]7)
213 RT-PCR primers} A AL 28 Mul-
tiplex PCR primer= Gouvea 5 (10)8] g7)1x4d &

Fzxotod AT 7MY E4 S 9% pri-
merZ 4] VP72] ok ulchk RH.9 yectorol] 9|3k
M13 forward$} M13 reverse2 AM&3stgd o VP7
ALY FAREL BT G7IMEd w2t
oligo 5.0 primer analysis X2 13 (LifeScience
Software Resource, Long Lake, MN, US.A)S o] &
sto A 2stAct. 2t primere] E 714 Q& Table 2
s 2,

Table 1. Rotavirus samples used in this study

Samples Sex Age (month) Date of sample collection ELISA results
CAU-003 male - Dec.1998 Positive
CAU-009 female 8 Dec.1998 Positive
CAU-020 male 9 Mar.1998 Positive
CAU-022 female 1 Mar.1998 Positive
CAU-029 - - - Positive
CAU-033 female 15 Jun.1998 Positive
CAU-034 female 16 Jun.1998 Positive
CAU-035 male 11 Jun.1998 Positive
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Table 2. Primer sequences

Primer Oligonucleotide sequence (5'-—3") RT-PCR  Typing Sequencing
nomenclature
Beg9 5-GGCTTTAAAAGAGAGAATTTCCGTCTGG-3' O
End9 5-GGTCACATCATACAATTCTAATCTAAG-3' O
RVGY 5'-GGTCACATCATACAATTCT-3' O
aAT8 5-GTCACACCATTTGTAAATTCG-3' O
aBT1 5-CAAGTACTCAAATCAATGATGG-3' O
aCT2 5-CAATGATATTAACACATTTTCTGTG-3' O
aDT4 5-CGTTTCTGGTGAGGAGTTG-3' O
aET3 5-CGTTTGAAGAAGTTGCAACAG-3' O
aFT9 5-CTAGATGTAACTACAACTAC-3' O
M13 forward 5-GTTTTCCCAGTCACGAC-3' O
VP7-SEQ.1 5-TGAGGACGCAAAATTACGGC-3' O
VP7-SEQ.2 5-TCCATCAGAAGCTCCAACTC-3' O
VP7-SEQ.3 5-ACCAATTTTTCAGACGAGGC-3' O
VP7-SEQ.4 5-GCCAATTTTTCGCTATCAGC-3' O
VP7-SEQ.5 5-TATCCAACTGAAGCAAGTAC-3' O
M13 reverse 5-GTCATAGCTGTTTCCTG-3' O

M13 forward/reverse: all samples

VP7-SEQ.1: CAU-033, CAU-034; VP7-SEQ.2: CAU-020, CAU-029; VP7-SEQ.3: CAU-022; VP7-SEQ.4:
CAU-035; VP7-SEQ.5: CAU-003, CAU-009
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1, 2ol A 28, 72ClAM 18 ¥H3-& 2538 W
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Figure 1. Agarose gel electrophoresis of represen-
tative 583 bp (G4), 652 bp (G2), and 749 bp (G1)
of PCR products with multiplex PCR primers. M:
@ X174-Hae III; Lane 1: CAU-003; Lane 2: CAU-009;
Lane 3: CAU-020; Lane 4: CAU-022; Lane 5: CAU-
029; Lane 6: CAU-033; Lane 7: CAU-034; Lane &:
CAU-035.

% 2 wle] PCR productE # &}o] 1% agarose geld]|
A A7 8} 3 ethidium bromide® 413+ A3} 1,062
bp Z7]8] VPT geneo] FZ 3},

2. Mutiplex PCR
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PCR productE # 3l 1% agarose gelo| X 7} 5}
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o] 583 bp, 652 bp X 749 bp<] products7} Z )
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020, 029 2 0353 583 bp2] G4o} it}
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22 e F CAU-0030 v} b Shfafl WAFR
o EFY 4179 o 2HT BAS 2n AR
t}h. G2olA = CAU-0227} CAU-033, CAU-0345.
o Q=R T 2537 o RASHE o G494
E 53 CAU-020, CAU-035 2 CAU-029%= G49)
genetic varation® 2 B 1% pv52499} A A
o2 6L 2y

5. UMY AEM 24

.

FAA] FERE vyl 98 CAUFE
GenBankol| S5¢ 2l=59 thagdate F32
YR T} (Table 3). AHEA & 37.3%09] A 99.8%
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49-51bp First start codon  136-138bp-Second start codon  309bp 351bp
~  CTTTTTAATGTATGGTA ~ TAACACGATGGACTATA -~ AGAAGCTAAAAATGAGATTTCAGATAATGAATGGGAAAATACTC
o ~ e [ TR
~ LG ~ S G
e ~ N G
-~ Coo o Goeeint ~ -~ T..... A.GEGC.C.A. .CAGT...GG....... A..G.CT.AT
~ Loon Gl ~ ~ To.... A.GEGC.C.A. .CAGT...GG....... A..G.CT.AT
~ GGl ~ ~ T.o.... A.GE.C.C.A..CAGT...GG....... A..G.CT.AT
-~ Lo ~ ~ T A.GE.C.C.A..CAAT...GG...C...A..G.CT.AT
-~ B ~ ~ T..G...GCG.C...A. .AMAC...... TC....A..G.C. .A.
~ G -~ -~ T....TAGT..G...AT.GAAT...G..TC....A.G..C. .AT
~ Lo ~ ~ To.... AGC. .CA. .A. .AAAT...... TC...... GG....A.
~ G ~ ~ T..G...CCG.C.C.A. . .AAT............ A..G.C. AT
-~ G ~ ~ .. CC..C.C.A...AGT..C.C.......A..G... A
~ G -~ ~ CC..C.C.A.. .AGT..C.C.......A..G... A
~ O ~ ~ . CC..C.C.A...AGT..C.C.......A..G... .A.
~ B ~ ~ CC..C.C.A.. AGT..C.C....... A .G......
-~ O ~ ~ .. AG.G.CA..... AG...... G.TCG...A.GG..... T
~ G -~ ~ G..CA..A. .AAAC........ G...ACG.G...AT
-~ O ~ ~ C..... AGC..C.C.....GT...G.CA..... A..G......
~ G ~ -~ T..... ATC..C.C.A...GGG..C.CA...... A..GG T
-~ G ~ ~ TTC..7..CG.C...A. .AA.T..CCCC..T.. .ACGC....A.
-~ Lo ~ ~ T..... AGCT.CA. .A...G...... CAA..... AC.G.A. AT
-~ G ~ -~ T..G..ATC...... A..GG.T....CC...... A..G....CT
-~ G ~ ~ T..G..ATC...C..A. AG.T...C....... A..G....CT
~ TG...A....... A .. -~ A T.GCTA.T.CAC ~ T AG...C...A. .AMAT..C..C......A.GG.C..GG
~ TG..AA....... A .. -~ ..GA.AAGAT,T...A. ~ .CT..AG.T.C...A...G.....CCA..G...A.GGCG. .AG
-~ ~ e ~ T .CCA.C..GC...—— C.CA. . .A.. . TTA.TGG. .A.T
-~ ~ e ~ T.C.C——GCT.G.. CTGGAAT TG...AGT.TC.GCG.C.ACT
-~ . ~ ...T.AC.GAT...T.. -~ TA..T.CG.TGGAC.TT.GAAT...GG.A.T.AT.C.C.G...A
~ T....A....GT.T ~ .T.T.GCAGACG.AC. . ~ TA.GA.AG.TGGAT.TC.AAAT...GGCA.T.AC.CTC.A...A
411bp 435bp 477bp 504bp 672bp 711bp
~ ~  ATATGATAATACATCTGAATTAGATGC-  ~  AATACGAACGTGGATACATTTGAGATTGTTGCETCGTCTG
-~ ~ ~ .C.. e
- ~ ~ ..
- ~ ~ .C..
~ ~ ~ ...
~ ~ ~ C...
~ ~ .. .~ LA MAATA.
~ ~  .6..C&....CTGC..C.G..CAT. ~ _.C..AGAA.....AAAG. ..
~ ~  ..TC.C.TC.GG.GAA..GC.....AT ~ A.CA.....TGACAG..
~ ~  G.TC.C.TC.GGTGAG.....G..CAT ~ A.CA.....TGATAGC.
~ ~  G.TC.C.TC.GGTGAG.....G..CAT ~ A.CA.....TGATAGC.
~ ~  G.TC.C.TC.GGTGAG.....G..CAT.  ~ LA.CA.....TGATAGC.
~ ~ TC.C.TC.GGTGAG. .G..G..CAT.  ~ A.CA.. ... TGATAG. .
~ ~ L ACGC.AT. A G ... AT. ~ .CC...G.TACTACA..T..... AGAA. ... .AAAG. ..
~ ~ ...A.TCG.GT.TA...C.....AT. ~ .CC.....TACTAGA........ AGAA. .G..AAAG. ..
~ ~ _.GGA.AT..AC..C.....AT. ~ .C...TG.TCCAACA..C...... GAA..A..T..AG.A.
~ ~  _ATCA....TA..G...... AT. ~ .C...A.TAC..CG........ AGAG. .A. .GA. .AAC.
~ ~ _T..TACG.......T. ~ .CA..CG....C.CA........ AGAA. .A. . AAACG.G.
~ . ~ GGA.AT.TAC.G.....CAT. ~ .C. A.CA..G.. . AATG.A.
~ . ~ ..TC....CAGA..C.....AT. ~ .TA..C..TCCA..C..G.....A.CA.....GA.AA.G.
~ T .GG. . ~ .TC....CAG...C.....AT ~  TA..T..TCCA..C..G.....A.CA.....GA.AA.G.
~  .GCG....T.GCAGT.G.....A.AT  ~ CAACG.. GTC....CAT. ~ .CA..TG.T....CA..G.....ACAAC.GA.AG.TA..
~ TC.A...CT.GGTG........ AAT  ~  T..CACG..CGATGTG.CG..G..CAT.  ~ .C...T..TACT........... A.. T.GA.GAT.....
~ 7C..CC....G..GTA...GA.ATAA  ~ —....G-..TT.AACGC..CA...G.  ~ .C.CAACTTTCT..C....ACTTCGAAA.AT..A.TGG..
~ T.CCA.C...G.TGTG...GATAT.A  ~ CG.C...——.AGC.....A.G...TTC  ~  .CGCA..TARAT.G.....A.TTTCCAT.GT.AGA.AA..
~ T.CAC.GACA.CAG..T..A.AMA\..T ~ ——. . _GCC..AA...T.C...GT.T  ~ CCGG.T.GTACA..A..T.A...AG....AT AAATGACA
~ ..CAA.AGTC.CAG.TT..G.AG..T ~  .CC.....G.C..A..A.-T.C...GT.C  ~ CCAG.T.G.ACT..A....A...AG.AT.AT.AAATGA.A

Figure 2. Nucleotide sequence multialignment of CAU isolates with rotaviruses sequence from GenBank.
dot (.) represents an identical residue to CAU-022 and a dash (~) is a gap. Dim shaded boxes are type-specific
primer binding sites and dark shaded boxes are changed bases within same serotype.
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Fu% 5 2eplold 2 VP #8499 9 94

87a.a i0la.a - 120a.a 30a.a 143a.a 152a.a 207a.a 220a.a
CH2 ~ KAADT—————- £ | ADPEWKAT ~ EYQDLVTFSNOP ~ HYTNDVALD ~ CQTTNTOTFEILTM ~
PO-13 ~ NEAET—————-——-E NDNEWKOT ~ GYADLQSFSNNP ~ KYDQNAGLD ~ CQTTDVATFEQLTA ~
CAU-020 ~ SEAPT—-—-——Q! SOTEWKDT ~ EYSNVLEFSIEP ~ KFASGEELD ~ CQTTNTATFETVAD ~
CAU-035 ~ SEAPT--—————--Q| SDTEWKDT ~ EYSNVLEFSIEP ~ KFASGEELD ~ CQTTNTATFETVAD ~
CAU-029 ~ SEAPT-—————-—( | SOTEWKDT ~ EYSNVLEFSIEP ~ KFASGEELD ~ CQTTNTATFETVAD ~
PV5249 ~ SEAPT——-———---Q| SOTEWKDT -~ EYSNVLEFS 0P ~ KFASGEELD ~ CQTTNTATFETVAD ~
GOTTFRIED ~ SEAPT——————-Q| HONEWKDT ~ EYSNVLEFSIDP ~ BFASGEELD ~ CQTTNTATFETVAD ~
CAU-009 ~ TEASA-———-——-Q| SDGEWKDS ~ EYSNIVDFSVOP ~ KYDQNLELD ~ CETTNVDSFEEYAE ~
417 ~ TEAST——————-QI SDGEWKDS -~ EYSN | VOFSVOP ~ KYDQNLELD ~ CETTNVOSFERTAE ~
CAU-003 ~ TEARA—————— Q1 SDGEWKDS -~ EYSNIVDFSVDP ~ KYDQNLELD ~ CQTTNVDSFESYAE ~
WA ~ TEAST-———--——-QI NDGDWKDS ~ EYSNIVDFSVDP ~ KYDQSLELD ~ CQTTNVDSFEMIAE ~
UK ~ VEASN-———-—- EMADTEWKOT ~ EYTDIAAFSVEP ~ KYDSTQKLD ~ CLITNPOTFETVAT ~
IND ~ VEASN-—-———--~{ E1ADTEWKDT -~ EYTD | AAFSVEP ~ KYDSTQELD ~ CLITNPOTFETVAT -~
MC35 ~ TEART———————- £ |NDNEWTST ~ EYODIATFSVOP ~ RYNSSLELD ~ CQTTNTRTFEEVAT ~
SAN1 ~ TEAAT——————-f £1NDNSWKDT ~ EYTNJASFSVDP ~ KYDATLOLD ~ CLTTDATTFEEVAT ~
YO ~ TEAAT————————| £ INDNSWEDT ~ AYTN | ASFSVDP ~ KYDATLQLD ~ CLTTOTNTFEEVAT ~
0su ~ NEAAT————- E1ADTKWTET ~ GYAD | ASFSVEP ~ KYDGNLQLD ~ CSTTDINSFETVAN "~
Y™ ~ HEAAT-—————-Q| ADDKWKDT -~ EYTD1ASFSVOP ~ KYDGNSQLD ~ CLTTDPTTFEEVAS ~
837 ~ VEAET-————— £ 1 ADSSWKDT ~ SYTDIATFSINP ~ KYNANSELD ~ CLTTDTTTFEEVAT ~
116€ ~ |EAST———————QI GDTEWKGT ~ EYTDIASFSIDP ~ KYNSTLELD ~ CTTTNTATFEEVAT ~
CAU-022 ~  TEAKN-————— £ | SONEWENT ~ DYND | TTFSMNP ~ RYDNTSELD ~ CKETRVBTFEIVAS ~
253 ~  TEAKN-~=—-=m—ef £ | SOHEWENT ~ DYNDITTFSMNP ~ RYDNTSELD ~ CKTTOVBTFE IVAS ~
CAU-033 -~ ——E | SDNEWENT ~ DYNDI TTFSMNP ~ RYONTSELD ~ CKTTOVBTFE | VAS ~
CAU-034 ~ ——E | SOREWENT ~ DYND | TTFSMNP ~ RYONTSELD ~ CKTTOVBTFE IVAS ~
T™MC-11 ~  TEAKN-———-———— £ | SDDEWENT ~ DYND | TTFSMNP ~ RYDNTSELD ~ CKTTOVNTFE IVAS ~
KUN ~ |-~————~-——E | SDOEWENT -~ DYND I TTFSMNP ~ RYDNTSELD ~ CKTTOVNTFEIVAS ~
958 ~  BEAKN————— £ | SODEWENT -~ OYND I TTFSMNP ~ RYDNTSELD -~ CKTTDVSTFEIVAS ~
L26 ~  NSVIT-————- E | TDPOWTHT ~ SYAD 1 ASFSVNP -~ QYQNSLALD ~ CTTTDVATFEEVAN ~
L338 ~  NEWS———— ELNDDSWKNT ~ EYSDIASFSINP -~ KYSTELQLD ~ CLTTDTETFEEVAT ~
£93 ~ NAVVGSQGPGKSDGHLNDGNYAQT ~ TYTQTSOF INSV ~ POSPNDSES ~ CSPASTETYEVVSN ~
PORCINE ~ NAVVGSQGPGKTOGYLNDGNYAQT ~ TYTKVSDFVDSY ~ POSPTNSES ~ CSPASTETYEVLSN ~
ADULT ~ DDHQA——~————--~0-ANKFNGN ~ SSSSYOVIDI IS ~ 10VFNASMOD -~ CDTQLSOTYFE ST ~
BOVINE ~ SDWN-————— e VNSFGON ~ DSTNYDVIDI IS ~ 10V IKPEMD ~ COTQINGTYFPLSE ~

Figure 4. Amino acid sequence multialignment of CAU isolates with rotaviruses sequence from GenBank. A
dot (.) represents an identical residue to CAU-022 and a dash (~).is a gap. Dim shaded boxes are type-specific
primer binding sites and dark shaded boxes are changed bases within same serotype.
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