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NUCLEOTIDE SEQUENCES OF THE COAT PROTEIN GENES OF T W O  
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Summary.-The nucleotide (nt) sequences of the coat protein (CP) genes of two Japanese zucchini yellow 
mosaic virus (ZYMV) isolates (ZYMV-169 and ZYMV-M) were determined. The CP genes of both isolates 
were 837 nt long and encoded 279 amino acids (aa). The nt and deduced aa sequence similarities between the 
two isolates were 92% and 94.6%, respectively. The deduced aa sequences of CPs of the Japanese isolates were 
compared with those of previously reported ZYMV isolates by phylogenetic analysis. This comparison lead us 
to divide all ZMYV isolates into 3 groups in which ZYMV-169 formed its own distinct group. 
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Z Y M V  (genus  Potyvirus, family  Potyviridaé) w a s  f i r s t  
reported in Italy in 1973 (Lisa  et al., 1981). Z Y M V  has  
been associated in the last decade with severe economical 
losses  in cucurbit crops in many parts o f  the world (Lisa 
and Lecoq, 1984). Potyviruses including Z Y M V  contain a 
genome that i s  translated as  a large polyprotein precursor 
which i s  subsequently cleaved b y  virus-coded proteolytic 
e n z y m e s  to e ight  proteins (Dougherty and Carrington, 
1988). The CP is located at the C-terminus o f  the polypro­

tein (Dougher ty  and  Carrington,  1988). T h e  use  o f  C P  aa  

sequences  h a s  recently b e c o m e  a use fu l  tool  f o r  taxonomie  

c lass i f ica t ion  o f  dis t inct  po tyv i ruses  a n d  re la ted  s trains 

(Shukla  et al., 1994). 

T h e  n t  sequences  o f  C P  genes  o f  Z Y M V  isolates f r o m  

the  U S A  (Grumet  and  Fang, 1990; Quemada  et al., 1990; 

Balint  et al., 1994), Israel (Gal-On  etal., 1990), Singapore 

(Lee  et al., 1993) and Reunion  Island (Baker  et al., 1994) 

have  b e e n  reported.  

'Corresponding author. 
Abbreviations: aa = amino acid; CP = coat protein; MMLV = 
Moloney murine leukemia virus; Nib = nuclear inclusion b; nt = 
nucleotide; PAb = polyclonal antibody; RT-PCR = reverse 
transcription-polymerase chain reaction; SDS = sodium dodecyl 
sulfate; 3'UTR = 3'-untranslated region; ZYMV = zucchini yel­
low mosaic virus 

In Japan,  Z Y M V  w a s  f i r s t  isolated f r o m  diseased p u m p ­

kin  f r o m  Okinawa island by  Ohtsu  et al. (1985)  and w a s  

designated as  ZYMV-169.  Recently, w e  obta ined another  

isolate  ( Z Y M V - M )  f r o m  commerc i a l  c u c u m b e r  f i e l d  in  

Miyazaki  prefecture,  Kyushu  island.  T h e s e  t w o  isolates did 

not  d i f fer  in  hos t  r ange  propert ies ,  b u t  showed s o m e  sero­

logical differences us ing  polyclonal  antibodies (PAbs) (Kun-

d u  et al., 1996). Al though  Z Y M V  h a s  b e e n  recorded in  J a ­

p a n  since 1985, n o  molecular  analysis  o f  its g e n o m e  se­

quence  variability h a s  b e e n  repor ted.  I n  this  paper,  w e  de­

termined the  n t  sequences  o f  C P  genes  o f  these  t w o  isolates 

and  described the  phylogenetic relationships a m o n g  the  Jap­

anese  and  previously r epor t ed ,ZYMV isolates. 

T h e  Japanese  Z Y M V  isolates were  propagated o n  Cu-

curbita maxima Duch .  cv. Hokoseih i  a n d  pu r i f i ed  accord­

ing to  Sako  et al. (1980). T h e  genomic  R N A s  o f  Z Y M V  

isolates were  extracted b y  the  procedure  descr ibed b y  Ros-

ne r  et al. (1983).  T h e  me thod  o f  reverse transcript ion and  

po lymerase  cha in  reac t ion  (RT-PCR) o f  O h s h i m a  et al. 

(1994)  w a s  employed f o r  c D N A  cloning o f  t h e  C P  genes  

w i t h  s o m e  m o d i f i c a t i o n s .  F i r s t - s t r a n d  c D N A s  w e r e  

synthesized f r o m  Z Y M V  R N A s  wi th  m i n u s  strand ol igo­

n u c l e o t i d e  p r i m e r  Z Y 3 - 1 M  ( 5 ' - G G G G A A T T C C G -

GAGTCTAATCTCGAGC-3 ' )  us ing  M M L V  reverse tran­

scriptase (Gibco B R L ) .  Double-stranded c D N A s  were  a m ­

p l i f i ed  f r o m  the  f irst-strand c D N A s  us ing  ol igonucleot ide 
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P Y I A E T A L R K L Y T D K G A E T S E L A R Y L Q A  2 8  
1 6 9  CCAT ACATAGCT GAJSACAJGCACTT CGCAAGTT AT ACACT GAJCAAGGGAJ3CAJ3AAACAAQT GAACT GGCACGCTAT CT ACAAJ3CC 8 4  
M T C G - - T  T G 

M V O  Q P 
L H Q D I F F E Q G D T V T L Q S D T K T T V A D A G A  5 6  

1 6 9  CTCCATCAAGATATTTTCTTTGAGCAAJ3<1AJ3ATACTGTAACGCTCGAJ3TCAGATACTAAGACAACTGTG<3CGGACGCTG<3GGCT 1 6 8  
M c C — C  A C T A G C — C C — C  A A — C  

• G G T V T V 
T K K D K E D D K G K N K D V T S S S S G E K A I A A A  B4 

1 6 9  AJCAAAGAAAC1ACAAAJGAAGATGACAAAJ3GGAAAAACAAGGATGTTACAAGCTCCAJGCTCAJ3GCGAGAAAGCGATAGCAJGCTGCC 2 5 2  

T K D K D V N A G S H G K I V P R L S K I T K K M S L P  1 1 2  
1 6 9  ACGAAJG<3ATAAJ3GATGTAAATGCTGGTTCTCAT0GGAAJ3ATTGTGCCACGTCTCTCAAAJ3ATAAJCAAAGAAJ3ATGTCACTGCCA 3 3 6  

N 

R V K G K V I L D I D H L L E Y K P D Q I E L Y N T R A  1 4 0  
1 6 9  CGCGTGAAAj3GAAAGGTCATACTCGATATCGATCATTTG<ľTGGAATATAAGCCGGATCAGATTGAGTTGTATAACACACGAJ3CG 4 2 0  
H T — G  C — T  C A — G  A A — C  

A K H 
S H Q Q F S S W F N Q V R T E Y D L D E Q Q M G V V M N  1 6 8  

1 6 9  TCTCATCAGCAATTTTCCTCCTGGTTTAATCAAGTTAGAACAGAATATGATTTGGATGAjGCAACAGATGGGAGTTGTAATGAAT 5 0 4  
H CG T C — C  A C — A  

V K 
G F M V W C I E H G T S P D I N G V W F M H D G D E Q V  1 9 6  

1 6 9  GGTTTCATGGTTTGGTGCATTGAAAATGGTACTTCGCCTGATATCAATGGAGTGTGGTTCATGATGGATGGAGATG&GCAJ3GTT 5 8 8  

M C _ _ 0 _ - A _ _ C _ _ C _ _ T _ _ C  A G - T  C — G A  

E Y P L K P I V E N A K P T L R Q I M H H F S D A A E A  2 2 4  
1 6 9  GAGTATCCTTTGAAACCAATAJ3TCGAAAATGCAAAJ3CCAACGCTGCGACAAATAATGCATCACTTCTCAJ3ATGCAGCAGAGGCA 6 7 2  
M — A  T T - - T  G G 

Y I E M R N A E A P Y M P R Y G L L R N L R D R S L A R  2 5 2  
1 6 9  TATATAJ3AAATGAJ3AAATGCAGAJ3GCACCATACATGCCGAGGTATGGTTTGCTTCGAAATCTACGGOACAGGAGTTTGGCCCGA 7 5  6 
M g CT T A 

Y A F D F Y E V N S K T P E R A R E A V A Q M K A A A L  2 8 0  
1 6 9  TACGCTTTC<3ACTTCTACGAAGTCAACTCTAAAACTCCTGAAAj3AJ3CCCGCGAAj3CTGTTGCGCAGATGAAAGCAGCAGCTCTT 8 4 0  
M — T  T — C  G C 

• 
S N V S S R L F G L D G N V A T T S E D T E R H T A R D  3 0 8  

1 6 9  AGCAATGTTTCTTCAA£X3TTGTTTGGCCTTGATGGAAATGTTGCCACCACTAJ3CGAAGACACTGAACGGCACACTGCACGTGAT 9 2 4  
M 

V N R N M H T L L G V N T M Q »  3 2 3  
1 6 9  GTTAATAjGAAACATGCACACCTTGCTAJ3GTGTGAATA£ľAATGCAGTAAAGGGTAGGTCGCCTACCTAG<3TTATCGATTCGTTGC 1 0 0 8  
M G T C 

1 6 9  CaACGTAATTCTAATATTTACCGCTTTATATGATGTCTTTCGATTTCCAjGTGTGGGCCTCCCACCTTTAAAGCGTAAAGTT TA 1 0 9 1  
M O A T — A  — 

1 6 9  TOT TAGTTGTCCAaaAGTGCCOTAGTCCTGTCOGAAGCTTTAGTGTaAaCCTCTCACG JíATAA GCTCGAGATTAGACTCCG 1 1 7 2  
M C 

Fig.  1 
C o m p a r i s o n  o f  n t  a n d  d e d u c e d  n a  s e q u e n c e s  o f  3 ' - t c r m i n a l  r e g i o n s  o f  Z Y M V - 1 6 9  a n d  Z Y M V - M  c D N A s  

Dashes s h o w  identical nt in comparison to ZYMV-169.  The dcduccd aa sequence o f  ZYMV-169  is shown a b o v e  its nt sequence.  T h e  di f ferent  aa found 
in Z Y M V - M  arc shown above  the aa  o l 'ZYMV-169.  T h e  putative protease c leavage  site between N i b  and CP is  denoted b y  triangle (V).  Approximate  
N-and C-tcrminal regions a s  sugges ted  b y  Shukla  el at. (1994)  arc denoted b y  black dot (•). Asterisk ( * )  indicates the ochrc codon. Italics s h o w  
potential polyadcnylation s ignals .  
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1 0  2 0  3 0  a o  • 5 0  6 0  7 0  8 0  
1 6 9  S D T K T T V A D A  GATKKDKEDD KGKNNDVTSS S S G E K A I A A A  TKDKDVNAGS H G K I V P R L S K  I T K K M S L P K V  K G K V I L D I D H  
M - G - Q P  G -  G T V T - V  — N  
C a l  - G - Q P  G -  G T V — V  — H  
C o n  - G - Q P - - S - -  G -  G T V — V  — H  
F - G - Q P  R V  E F - G -  G T W - -  K — N  
N A T  - G - Q P  T G -  G - S - - T V - - V  — N  
R Q - K E  — A - R — D E E  - E - K  A —  - A N — T M T - T  A — S  
S Q - R E - G -  - - S  D E -  - D - K  A —  - A S  V - T -  — S  

9 0  1 0 0  1 1 0  1 2 0  1 3 0  1 4 0  1 5 0  1 6 0  
1 6 9  L L E Y K P D Q I E  LYOTRASHQQ FSSWFNQVRT ETOLDEQQMG WMNGFMVWC I E N G T S P D I N  GVWF144DGDE Q V E Y P L K P I V  

M — K - — N  
C a l  - A  K - N v —  - - N -
C o n  N 

F 
N A T  A —  K - N v —  — N -
R A K A  

S _ A  K A  

1 7 0  1 8 0  1 9 0  2 0 0  2 1 0  2 2 0  2 3 0  2 4 0  
1 6 9  E N A K P T L R Q I  MHHFSDAAEA Y I E M R N A E A P  YMPRYGLLRN L K D R S L A R Y A  F D F Y E V N S K T  P E R A R E A V A Q  M K A A A L S N V S  
M 
C a l  
C o n  
F — 
N A T  

R D 
S D 

2 5 0  2 7 0  2 7 9  
1 6 9  S R I F G L D G N V  A T T S E D T E R H  TARDVNRNMH TLLGVNTMQ 
M 
C a l  
C o n  
F 
K A T  
R — N  
g 

Fig.  2 
A l i g n m e n t  o f  d e d u c e d  aa s e q u e n c e s  o f  C P s  o f  Z Y M V  isolates  

Dashes show identical aa  in comparison to ZYMV-169. Approximate N- and C-terminal regions a s  suggested  b y  Shukla  et al. (1994)  arc denoted by  
black dot (•). Sources o f  the CP scqucnccs arc as  fol lows;  ZYMV-Cal (Balint et al., 1994), ZYMV-Con (Grumct and Fang, 1990), ZYMV-F (Qucmada 
et al., 1990), ZYMV-NAT (Gal-On et al., 1990), ZYMV-R (Baker  et al., 1994) and ZYMV-S (Lcc  et al., 1993). 

primer pairs  W . Z . N I b - l P  (5'-GGGGGATCCCATACAT-
AGCTGAGACAGC-3')  and Z Y 3 - 1 M  b y  the PCR method 
(Saiki  et al., 1988). The  ampl i f ied  double-stranded cDNAs 
w e r e  cloned into pBluescript  II SK + vector  (Stratagene) and 
then the obtained recombinant p lasmids  were  introduced 
into  Escherichia co/z'XLl-Blue.The DNAs  w e r e  sequenced 
using A B I  PRISM™ D y e  Te rmina to r  C y c l e  S e q u e n c i n g  

R e a d y  Reac t ion  Ki t .  T h e  n t  a n d  deduced  a a  sequence  anal­

yses ,  s imilar i ty  sea rches  a n d  a l ignments  w e r e  carr ied ou t  

u s ing  t he  S D C - G E N E T Y X  c o m p u t e r  p r o g r a m  (Sof tware  

Deve lopment ) .  Phylogenet ic  ana lyses  o f  a a  sequences  o f  

C P s  a n d  n t  s equences  o f  3 ' -untranslated reg ions  (3 'UTRs)  

w e r e  accompl i shed  u s i n g  t h e  P R O T P A R S  a n d  D N A P A R S  

p rog rams  o f  P H Y L I P  (Phylogeny In fe rence  Package) ,  r e ­

spectively, a s  deve loped  b y  Felsenste in  (1993) .  

For expression o f  C P s  ini i .  coli, three oligonucleotide pr im­

ers, namely ZYMV-169CPN ( 5 - G G G G G A T C C T C T C A G A -

T A C T A A G  A C  A A C T G T G G C G G  A C G C T G - 3 ' ) ,  

Z Y M V - M C P N  ( 5 ' - G G G G G A T C C T C T C A G G C A C C C A  

G C C  A A C T G T G G C  A G  A C G C T G - 3 ' )  a n d  Z Y M V C P  

(5 ' -GGGGAATTCTCACTGCATTGTATTCACACCTAG-3 ' )  

were  designed o n  t he  basis  o f  the  n t  sequences o f  ZYMV-169  

and  ZYMV-M determined in this study. First-strand c D N A s  

o f  ZYMV-169 and Z Y M V - M  were  synthesized f r o m  respec-
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Z Y M V - R  

Z Y M V - S  

F i g .  3 
Phy logenet ic  a n a l y s i s  o f  Z Y M V  i solates  b a s e d  o n  a a  s e q u e n c e s  o f  

t h e i r  C P s  
The dendrogram w a s  drawn by using the data from Fig. 2 and the PROT-
PARS (PHYLIP) program. 

tive RNA using the minus strand oligonucleotide primer ZYM-
V C R  D o u b l e - s t r a n d e d  c D N A s  w e r e  a m p l i f i e d  f r o m  
ZYMV-169 and ZYMV-M cDNAs using oligonucleotide 
p r i m e r  p a i r s  Z Y M V - I 6 9 C P N  and Z Y M V C P ,  and 
ZYMV-MCPN and ZYMVCP, respectively, by the PCR meth­

od (Saiki et al., 1988). The  amplified double-stranded cDNAs 

were cloned into pGEX3X vector (Pharmacia) and then the 

recombinant plasmids were introduced into E. coli X L  1-Blue. 

Expression o f  the recombinant plasmids was  conducted as  

described by Ohshima  et al. (1994). T h e  expressed proteins 

were electrophoresed in 10% polyacrylamide gels in the pres­

ence o f  sodium dodecyl sulfate (SDS) as described by Lae-

mmli (1970). Western blot analysis was performed according 

to Towbin et al. (1979) using PAbs against ZYMV-169 and 

ZYMV-M, respectively, and horseradish peroxidase-labelled 

goat anti-rabbit immunoglobulin G (Zymed). 

More  than three recombinant  clones fo r  each isolate were  

obtained and  their  n t  sequences  were  determined in both 

orientations.  N o  di f ferences  were  observed in overlapping 

regions o f  these  clones.  In order  to  ver i fy  the  cloned C P  

genes  o f b o t h  isolates they were  recloned into p G E X 3 X  and  

expressed in E. coli a s  fus ion  prote ins  with glutathione 

S-transferase. T h e  f u s e d  proteins positively reacted with 

PAbs against  Z Y M V - 1 6 9  a n d  Z Y M V - M ,  respectively, in 

Western blot analysis  (data not shown).  

Nucleot ide sequences  o f  the  c D N A s  including a port ion 

o f  N i b  gene ,  t he  comple te  C P  gene  and 3 'UTR (without 

poly(A)-tail) with deduced aa  sequences arc shown in Fig. I. 

T h e  nt sequences  o f C P  genes  o f  Z Y M  V-169 and  Z Y M V - M  

were  837  nt long and  encoded 2 7 9  aa.  A DAG sequence  

essential for  aphid transmission (Atrcya  et al., 1990) w a s  

present at  the  N-terminal  region o f  C P  o f b o t h  isolates. Fur­

t h e r m o r e ,  p o s s i b l e  c u k a r y o t i c  po lyadcny la t ion  s igna l s  

AATAA and T A T G T  (Zare t  and  She rmann ,  1982) were  

found  at  3 'UTR o f b o t h  isolates. Compar ison  o f  the nt  and 

deduced  a a  s e q u e n c e s  o f  C P  g e n e s  o f  Z Y M V - 1 6 9  and  

ZYMV-M revealed 9 2 %  and  9 4 . 6 %  similarity, respective­

ly. Seventy nt substi tutions were  present  between the  C P  

genes  o f  t he  two isolates and  gave r ise to  15 a a  differences.  

O u t  o f  the 15 aa  differences, 9 were located at  the  N-terminal 

region and  the  remaining 6 we re  a t  t he  co re  region (Fig. 1). 

It is known that t he  N-terminal  region o f  C P  o f  potyviruses  

is immunodominant ,  involved in v i rus-speci f ic  i m m u n o ­

chemical  propert ies  (Shukla  et al., 1994). 

The  deduced aa  sequences o f  C P  genes o f  Japanese Z Y M V  

isolates were compared with those o f  previously reported 

Z Y M V  isolates (Fig. 2). ZYMV-169 showed 9 1 %  - 94 .6% 

aa  similarity t o  other Z Y M V  isolates and  had unique aa  at 

positions 4 ,  37, 73,  102, 109 and 115. O n  the  other hand, 

ZYMV-M showed 9 1 %  - 99 .6% aa  similarity and did not 

contain a unique aa. A phylogenetic analysis derived f r o m  

the C P  a a  sequences revealed 3 groups  a m o n g  the  8 Z Y M V  

isolates examined (Fig. 3). O n e  group contained ZYMV-R 

a n d  Z Y M V - S ,  a n d  a n o t h e r  o n e  c o n t a i n e d  Z Y M V - F ,  

ZYMV-Con,  ZYMV-Cal ,  ZYMV-NAT and  ZYMV-M.  O n  

t h e  o t h e r  h a n d ,  Z Y M V - 1 6 9  f o r m e d  i t s  o w n  g r o u p .  

Furthermore, a phylogenetic analysis o f  the nt  sequences from 

3 ' U T R s  o f  t h e  Z Y M V  i s o l a t e s  w a s  p e r f o r m e d .  T h e  

dendrogram o f  the  3 ' U T R s  showed a pattern similar to  that 

o f  the CPs. Therefore,  ZYMV-169  isolated from Okinawa 

island is considered a distinct isolate differing f rom the others. 
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Footnote. The nucleotide sequence data of ZYMV-169 and 
ZYMV-M reported in this paper will appear in the DDBJ, EMBL 
and GenBank nucleotide sequence data bases under accession No. 
AB004640 and AB004641, respectively. 
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