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ABSTRACT

Colinet, D., Nguyen, M., Kummert, J., Lepoivre, P, and Xia, E. Z. 1998. Differentiation among
potyviruses infecting sweet potato based on genus- and virus-specific reverse transcription po-

lymerase chain reaction. Plant Dis. 82:223-229.

Knowledge of virus diseases affecting sweet potato has been complicated due to the frequent
occurrence of mixed infections and difficulties in isolating and purifying sweet potato viruses.
A combined assay of reverse transcription and polymerase chain reaction (PCR) utilizing de-
generate genus-specific primers POT1 and POT2 was applied to 18 sweet potato clones from
China. The primers were designed to amplify the variable 5° terminal region of the potyvirus
coat protein gene. Molecular analysis of the amplified fragments identified the Chinese strains
of sweet potato feathery mottle virus (SPFMV-CH), sweet potato latent virus (SPLV-CH), and
sweet potato virus G (SPVG-CH). Among the detected potyviruses, a distantly related strain of
SPFMV-CH, tentatively named SPFMV-CH2, was identified in sweet potatoes from China. On
the basis of sequence identity, SPFMV-CH2 was closely related to the common (-C) strain of
that virus. Identification of a closely related strain of SPVG-CH in one sweet potato clone from
China further illustrated the usefulness of broad-spectrum PCR for detecting uncharacterized
viruses. The acquisition of sequence information permitted the design of virus-specific primers
for detecting and differentiating SPFMV, SPLV, and SPVG.

Sweet potato (Ipomoea batatas L.) is an
important crop that feeds millions of peo-
ple in developing countries. Although this
versatile plant originated in South Amer-
ica, China is currently the largest producer
with about 80% of the world production
(10). Numerous sweet potato diseases pre-
sumed to be caused by viruses have been
described (4,15), but their etiology is still
unclear. The lack of progress in virus iden-
tification and classification has been
mainly due to the frequent occurrence of
mixed infections and synergistic com-
plexes in sweet potato (4,15). These obsta-
cles, together with difficulties inherent to
the isolation and purification of viruses
from sweet potato, led us to consider po-
lymerase chain reaction (PCR) technology
to identify and characterize members of the
genus Potyvirus infecting sweet potato.

Depending on the choice of primers,
PCR aids in the detection of a single virus
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species or many members of a group or
family of related viruses. Knowledge of
conserved viral sequences has allowed the
design of oligonucleotide primers for use
in PCR amplification and rapid identifi-
cation of uncharacterized potyviruses
(8,12,16). The usefulness of broad-specific
PCR for rapid characterization of plant
viruses has also been demonstrated for
carlaviruses (2), geminiviruses (18,19),
and luteoviruses (17). Since genome and
coat protein sequence data are among the
major criteria for identification and clas-
sification of the Poryviridae (20-23),
broad-spectrum PCR. and molecular
analysis of the amplified fragments repre-
sent a rapid method for obtaining valu-
able sequence information.

The recent increase in potyvirus se-
quence data has permitted the design of
genus-specific degenerate primers for the
amplification of sequences of new or un-
characterized potyviruses infecting sweet
potato (5,8). Three distinct potyviruses
were identified in multiply infected sweet
potato clones from China (8). Sweet potato
feathery mottle virus (SPFMV-CH) was
closely related to the russet crack (-RC)
strain of SPFMV (5). Sweet potato latent
virus (SPLV-CH) was unambiguously as-
sessed as a distinct potyvirus (7). A previ-
ously unidentified virus was reported and
tentatively named sweet potato virus G
(SPVG-CH) (8). The cloning and sequence
analysis of the 3” end of the genome of
SPVG-CH further revealed a close rela-
tionship with SPFMV (6). Genus-specific

PCR thus appeared to be the most suitable
method to obtain information on the iden-
tity and characteristics of potyviruses in-
fecting sweet potato.

This broad-spectrum strategy has been
applied to 18 sweet potato clones from
China and the usefulness of sequence in-
formation in sweet potato virus identifica-
tion and classification demonstrated. Spe-
cific primers have been designed for the
molecular detection of the potyviruses
infecting sweet potato, providing for addi-
tional epidemiological studies to be con-
ducted on the newly identified SPVG.

MATERIALS AND METHODS

Virus isolates, plant materials and
RNA extraction. /. batatas clones, listed
in Table 1, originated in the Guangdong
province of China. The sweet potato clones
from Taiwan (TN339 and TN440), Kenya
(KB109), and Togo (Georgia Jet) were
received courtesy of J. Vetten (Federal
Biological Research Center for Agriculture
and Forestry, Braunschweig, Germany).
Two other sweet potato clones originated
from Cambodia (Camb) and Gabon (Gab).

Total RNA was extracted from 100 mg
of symptomatic leaves following a proce-
dure improved from the single-step RNA
isolation method (3), using Trizol (Gibco
BRL, Life Technologies, England). Mes-
senger RNA (mRNA) was purified using
Oligotex-dT (Qiagen, Qiagen Inc., Chats-
worth, CA) according to the manufac-
turer’s instructions. Single-stranded cDNA
synthesis was performed from 100 ng of
mRNA, using the SuperScript preamplifi-
cation system for first-strand cDNA syn-
thesis (Gibco BRL).

PCR amplification with potyvirus-
specific primers. The potyvirus-specific
thermal cycling scheme was performed in
a 50-pl reaction buffer (Boehringer, Mann-
heim, Germany) containing 200 pM each
of dATP, dCTP, dGTP, and dTTP; 0.1 nM
each of POT1 and POT2 primers (Fig. 1);
and 1 unit of 7ag DNA polymerase
(Boehringer). Forty reaction cycles were
performed as follows: template denatura-
tion at 94°C for 30 s, primer annealing at
42°C (cycles 1-5) or 60°C (cycles 6-40)
for 60 s, and DNA synthesis at 72°C for 90
s. A final 5-min elongation step at 72°C
was performed at the end of the 40 cycles.
Amplification products were cloned in the
pCRII plasmid (TA cloning kit, Invitrogen,
Carlsbad, CA), which allowed direct
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cloning of PCR products without digestion
with restriction enzymes.

Amplified fragments were analyzed in
1% agarose gels and subsequently trans-
ferred to nylon membranes (Hybond-N*,
Amersham International, England). Di-
goxigenin labeling and hybridization were
performed using the DIG DNA labeling
and DIG Iluminescent detection Kits
(Boehringer) according to the manufac-
turer’s instructions.

PCR screening of transformed colo-
nies. The PCR screening of transformed
colonies was performed with ICFMV1 and
2 primers and SPVGA and B primers
(Table 2). The primers were designed from
the sequences of SPFMV-CH (5) and
SPVG-CH (6), respectively. Amplification
of the recombinant plasmids was per-
formed in a 50-ul reaction buffer (Amer-
sham) containing 200 uM each of dATP,
dCTP, dGTP, and dTTP; 0.1 nM each of
the respective upstream and downstream
primers; and 1 unit of 7ag DNA po-
lymerase (Amersham). Transformed colo-
nies were selected with a toothpick and
transferred to the PCR reaction buffer. The
following thermal cycling scheme was
followed for 35 cycles: template denatura-
tion at 94°C for 30 s, primer annealing at
60°C for 1 min, and DNA synthesis at
72°C for 1 min.

Cloning of the 3" end of the genome of
SPFMV-CH, SPFMV-CH2, and SPVG-
CH2. The rapid amplification of cDNA
ends (RACE) method (11) was used to
clone a cDNA fragment corresponding to
the 3 terminal region of the genome of
SPFMV-CH, SPFMV-CH2, and SPVG-
CH2. Single stranded cDNA was synthe-
sized from 100 ng of mRNA isolated from
I. nil infected with SPFMV-CH and from
sweet potato clones GN169 (SPFMV-CH2)
and GN144 (SPVG-CH2), using the Gibco
BRL Superscript preamplification system
and the hybrid dT);-adapter primer (5°
GACTCGAGTCGACAGCGATTTTTTTT-
TTTTTTTTIT3") (11). Amplification was
carried out using the adapter primer (5°
GACTCGAGTCGA-CAGCG 37) (11) and
the specific primers MPFMVCHI,
MPFMVCH2, and VGRACE1 (Fig. 1),
respectively. Amplification was carried out
in a 20-pl reaction buffer (Boehringer)
containing 50 pM each of dATP, dCTP,
dGTP, and dTTP; 0.05 nM each of adapter
and specific primers; and 1 unit of Tag
DNA polymerase (Boehringer). The fol-

lowing thermal cycling scheme was fol-
lowed for 35 cycles: template denaturation
for 10 s at 94°C, annealing for 30 s at
52°C, and elongation for 1 min at 72°C.

Sequence analysis of the amplified
fragments. Because of the low fidelity of
Tag DNA polymerase, which may lead to
misincorporations, the sequences of the

., Pl1-Pro HC-Pro P} 6Kl 6l 6K2 Nla-Pro  NIb CP 2
e et § T I I I I — poly(A)
—— poly(a) ¥
<=
VGRACE1 (dT)17-Adapter primer
MPFMVCH1
MPFMVCH2 -
Adapter primer
POT1 W C I EN
D
3' ACCACRTADCTBTTAcctaggqtcag 5!
BamHI
POT2 E= P AP0 8
5' gacgaattcTGYGAYGCBGATGGYTC 3!
EcoR1

MPFMVCH1 5' TGTTGACGACACAGGAATGGGG 3'

MPFMVCH2 5' AACCTAGAGTCAATGGAATCTCTG 3'

VGRACE1 5' AGACGAGTCTCTCGAACACC 3!

Fig. 1. Genetic map of the potyvirus genome, showing the relative positions and the sequence of the
two degenerate primers POT1 and POT2. Letters above the nucleotide sequences of the primers
represent the amino acid sequences of the conserved regions in the potyviral polyprotein. Lowercase
letters represent nucleotides not derived from the viral sequences. Also shown are the relative posi-
tions of the rapid amplification of cDNA ends (dT),;-adapter and adapter primers and position and
sequence of the specific primers designed from the known sequence of the 5 terminal part of the
coat protein gene of SPFMV-CH, SPFMV-CH2, and SPVG-CH2. Primer MPFMVCHI corresponds
to nucleotides 447-468 of the sequence of SPFMV-CH, primer MPFMVCH?2 to nucleotides 302-325
of the sequence of SPFMV-CH2, and primer VGRACEI to nucleotides 490-509 of the sequence of’
SPVG-CH2. The hatched box represents the part of the genome amplified by reverse transcriptase
polymerase chain reaction with degenerate primers POT1 and POT2. P1-Pro = first protein/protease,
HC-Pro = helper component/protease, P3 = third protein, 6K1 = 6K peptide, CI = cytoplasmic inclu-
sion protein, 6K2 = second 6K peptide, Nla-Pro = nuclear inclusion a protein/protease, NIb = nuclear
inclusion b protein (RNA polymerase), CP = coat protein.

Table 1. Distribution of SPFMV (-CH and -CH2), SPLV-CH, and SPVG (-CH and -CH2) in 18 sweetpotato clones® from China as determined by po-

lymerase chain reaction and hybridization

Virus 1 2 3 4 6 7 8 9 10 1 12 13 14 15 16 17 18
SPFMV-CH : : + + + +
SPLV-CH +
SPVG-CH + - - + + - - - - + + - + - +
SPFMV-CH2 + +
SPVG-CH2 +

1 =Xiao, 2 =GN718, 3 =208, 4 = GN144, 5 = Jucai, 6 = GN58, 7 = 865, 8 = GN7, 9 = 740, 10 = GN169, 11 = Guang, 12 = 1023, 13 =461, 14 = Zhou,

15=132, 16 =743, 17 = Yub, 18 = GNI.
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PCR products were deduced from three
independent clones. Complete nucleotide
sequences were obtained either by sub-
cloning amplified fragments after cleavage
with restriction enzymes or by using spe-
cific primers derived from the sequences.
Double-stranded DNA sequencing by the
dideoxy chain termination method was
performed using T7 DNA polymerase ac-
cording to the manufacturer’s instructions
(Pharmacia, Inc., Piscataway, NJ). Se-
quence analyses employed DNASIS and
University of Wisconsin Genetics Com-
puter Group sequence analysis software
package version 8.0 (9). Sequence com-
parisons were performed with SPFMV-
common (-C) (1), -ordinary (-O) (14), -RC
(1), and -severe (-S) (13); SPVG-CH (6);
SPLV-CH and -T (7); and all potyviruses
found in Genbank and EMBL databases.
Amplification  with  virus-specific
primers. The sequence of the specific
primers MPCOM, MPVG, MPFMVCH]1,
MPFMVCH2, MPLV1, and MPLV2 are

given in Table 2. Single-stranded cDNA
was synthesized from 100 ng of mRNA.
Amplification was performed in a 20-pl
reaction buffer (Boehringer), containing 50
pM each of dATP, dCTP, dGTP, and dTTP;
0.05 nM each of upstream and downstream
primers; and 1 unit of 7ag DNA po-
lymerase (Boehringer), as follows for 30
cycles: template denaturation at 94°C for
10 s, primer annealing at 62°C for 30 s,
and DNA synthesis at 72°C for 45 s.

RESULTS

Amplification with potyvirus-specific
primers POT1 and POT2. The PCR pro-
cedure using POT1 and POT2 was de-
signed to amplify the variable 5 terminal
half of the coat protein gene of potyviruses
(5,8), and was applied to the analysis of the
diversity of potyviruses infecting 18 sweet
potato clones from the Guangdong prov-
ince of China (Table 1).

Amplification of the variable 5 terminal
region of the coat protein gene yielded one

to three fragments (1.30, 1.35, and 1.45
kbp), depending on the sweet potato clone.
No PCR products were visible for sweet
potato clones 1023, Zhou, or 743 in ethid-
ium bromide stained gels. Previously am-
plified fragments for SPFMV-CH (1.35
kbp), SPLV-CH (1.30 kbp), and SPVG-CH
(1.45 kbp) were labeled with digoxigenin
(Boehringer). A series of hybridizations
were performed after transfer of amplified
fragments from agarose gels to nylon
membranes. SPFMV-CH was identified in
6 of the 18 sweet potato clones (GNS58,
865, GN7, 461, Yub, and GN1), SPLV-
CH in one sweet potato clone (GN1), and
SPVG-CH in all sweet potato clones but
two (1023 and Yub) (Table 1). PCR am-
plification with ICFMV1 and 2 primers,
MPLV1 and 2 primers (designed from the
known sequence of SPLV-CH and -T, see
below) and SPVGA and B primers spe-
cific for each of the three potyviruses
(Table 2) confirmed the hybridization
results.

Table 2. Primer sequences and expected size of polymerase chain reaction product for each primer pair when used to amplify the appropriate virus tem-

plate

Primer name Primer sequence Target Expected size (bp)
ICFMV1? AATAACTGAGGTCGTTGATCCGGAGGACC SPFMV-CH 403
ICFMV2b TCCATTCAATAAGATCCCCATTCCTG

SPVGA® AACGTGCATCATCAGTCTGC SPVG-CH 402
SPVGRP GAAAGTACCAACGCTACCAG

MPCOMP GGCTCGATCACGAACCAAAAAGGC SPFMYV and SPVG

MPVG?* TATTGGATCATGCTGTCCCCACA SPVG 581¢
MPFMVCH1? TGTTGACGACACAGGAATGGGG SPFMV-CH type 700¢
MPFMVCH2? AACCTAGAGTCAATGGAATCTCTG SPFMV-CH2 type 859¢
MPLV1® GACTAACACACCAACCCAGCCA SPLV 337
MPLV2b CCATTCATCAAGATTGACATCTGCTG

* Viral sense.

® Complementary sense.
¢ Primer used with MPCOM.

Table 3, Pairwise percent amino acid sequence identities between the complete coat protein of members of the genus Poryvirus infecting sweetpotato

SPVG-CH2 SPFMV-CH SPFMV-CH2 SPFMV-C SPFMV-O SPFMV-RC SPFMV-S SPLV-CH SPLV-T

SPVG-CH 935 70.7 69.9 70.4 71.7 723 72.0 579 57.0
SPVG-CH2 72.0 70.2 70.7 729 73.6 733 589 58.0
SPFMV-CH 81.5 81.9 96.5 96.2 95.2 59.4 58.0
SPFMV-CH2 97.4 82.1 83.4 83.1 61.9 60.5
SPFMV-C 82.5 84.1 83.8 60.4 59.0
SPFMV-O 95.6 952 59.7 583
SPFMV-RC 99.1 60.1 58.7
SPFMV-S 60.1 58.7
SPLV-CH 94.5
SPLV -T

Table 4. Pairwise percent amino acid sequence identities between the conserved core of the coat protein of members of the genus Potyvirus infecting

sweetpotato
SPVG-CH2 SPFMV-CH SPFMV-CH2 SPFMV-C SPFMV-O SPFMV-RC SPFMV-S SPLV-CH SPLV-T

SPVG-CH 95.8 80.6 80.1 80.6 80.6 81.0 81.0 67.1 66.2
SPVG-CH2 819 81.6 81.0 81.9 834 83.4 68.5 67.6
SPFMV-CH 88.9 89.4 98.6 99.1 99.1 68.1 66.7
SPFMV-CH2 9.5 88.9 89.4 89.4 69.9 68.1
SPFMV-C 89.4 89.8 89.8 69.4 68.1
SPFMV-0 98.6 98.6 68.1 66.7
SPFMV-RC 100 68.5 67.1
SPFMV-S 68.5 67.1
SPLV-CH 98.6
SPLV-T
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Identification of SPFMV-CH2 and
SPVG-CH2. The 1.35-kbp fragment am-
plified from sweet potato clone GN169 did
not hybridize with the SPFMV-CH probe.
Similarly, the 1.45-kbp fragment amplified
from sweet potato clone GN144 hybridized
only slightly with the SPVG-CH probe.

PCR products were cloned in the pCRII
plasmid (Invitrogen, Carlsbad, CA). Trans-
formed colonies were screened by PCR
with the ICFMV 1 and 2 primers and
SPVG A and B primers, specific for
SPFMV-CH and SPVG-CH, respectively.
A 1.35-kbp fragment (from sweet potato

20 SPFMV-CH2
60 SPFMV-CH

SA@ F K G AN p P A P K[P K
AR CCTGAATTTAAAGATGCAGGTGCA%ACCCACCAGCACCAAAA CAAAR
G

T cC 2T G % G
ENTEFKDAGADPPAP S K

Hrﬂ\% CA@\ATCAEAGIEGG\TIT(EIGCEGGJ%GGgTCC GC%AGCT g T

ATCAATCCC C G A 120 SPFMV-CH
TEVVDPEDPNQA 40

@c. A - P S Y G R D 60 SPFMV-CH2
GCGCTT GAAGCTAAA GAAACAACCTGCTGT CCCGAATCATACGGTAGAGAC 180
G C AAC T T GC G |

8
AAAA CT ACG GCA T A 80 SPFMV-CH
A L K A ARAIZ KU OQTPA ATTIUZPES Y G R D 60
LR RR R AR B 3 son2
——-—E:]— TCT GCGC GTTTCA% GGT AAAGACAAGGAT 234
GA CAARA AAA G T A C 240 SPFMV-CH
T S K E K E I 'r s s K G V R D K D 80
[al N aﬂ\ Q&m’rg K 98 SPFMV-CH2
GCTAA GT GGCAC CA GGCACATTTGTGGTTCCGCGAGTTAAA 294
T AGTT T T A A T C GAGA G AAAT G 300 SPFMV-CH
v N vV G T G T F VUV PRV KMN A K 100
1@ R Q )@A E’r.g'r HA Y 118 SPFMV-CH2
G GCCAACCT. GTCAATG ARTC AAC CAGCATCTC CTTAT 354
AARA A TG GGG CA TA A G’I‘ A 360 SPEMV-CH
K R Q M V N G R A I L S T Y 120
E P E Q )'c;ﬂr N T R S T Q 0 138 SPFMV-CH2
GAACC GAGCAA GAATACACGCTCAACTCAGGAACAGTTT GCATGG 414
GT G AG G CA 420 SPFMV-CH
E P E Q Y E V A N 'I‘ R s ’I‘ Q E Q F Q A W 140
Y E G V G D Y G V D D G M @MI L L N 158 SPFMV-CH2
TAT GAAGGTGTTAAGGGTGATTATGGTGTTGATGAC GGGATG TCTTGTTGAAT 474
G A A G i C AA A GG A 480 SPFMV-CH
Y EGV K GDJYGUVDDTGMGTITULTLN 160
G L MV W CIENG.T S P NI NGV W T 178 SPEMV-CH2
GGATTGATGGTGTGGTGTATAGAGAATGGAACATCTCCAAATATAAATGGCGTTTGGACG 534
CA 1 € T A C C T G A 540 SPFMV-CH
G LMVWOCTIENTGTS®PNTINGVWT 180
M M D GDEQV T Y P I K P L L D H A V 198 SPEMV-CH2
ATGATGGATGGGGATGAACAGGTGACGTACCCCATAAAGCCATTACTGGATCATGCAGTG 594
T G A A T T A C 600 SPFMV-CH
M M DGDETZ QU V T Y I K P L L DHA V 200
P T FR Q I MTHF S DV AEA AJY I E M 218 SPFMV-CH2
CCTACTTTTAGGCARATCATGACACACTTCAGTGACGTTGCTGAAGCGTATATAGARATG 654
G T G e (& 660 SPFMV-CH
P TFROQTIMTHTESDVAEA ATYTIE M 220
R N R T K A Y M P R Y G L Q R NL T D M 238 SPFMV-CH2
AGAAATCGCACCAAGGCATATATGCCTAGGTATGGATTACAACGTAACTTGACTGATATG 714
C C T A C A TC T 720 SPFMV-CH
R NR T KA Y MPRYGLQRNTILT DM 240
S L ARYAVFDF Y ELH S T T P A R A 258 SPFMV-CH2
AGTCTTGCGCGATATGCATTTGATTTCTATGAGCTGCACTCAACAACACCTGCACGTGCT 774
C c C 780 SPFMV-CH
S LA RYATFDTFVYETULUHSTTTZPARA 260
K E A H Q M K A & L K. 8§ & N R L F 278 SPFMV-CH2
AAAGAAGCACACATGCAGATGARAGCAGCTGCACTTAAGAATGCGCATAATCGGTTGTTT 834
TT A G TC AG 840 SPFMV-CH
K EA HL QMZ KA AV ATLTEKINA AIKNTR RTLF 280
G L D G N S T O E D T E Al T D 298 SPFMV-CH2
GGTTTGGACGGAAACGTCTCCACGCAAGAAGAAGATACGGAGAGGCACACT GACTGAT 894
% GA A 900 SPFMV-CH
G L D G NV S TQ E EDTE R HBIRETD 300

N I H N L L G M R G V Q 313 SPFMV-CH2
GTTACTAGAAATATAC.ATAACC TCTTAGGAATGAGGGGTGT GCAGTAGGT GAAACTTTGC 954
AC T € 960 SPFMV-CH
V T R N I

HNLLGMRGVQ 315

ACTGTATTTATTACTTATGTGGTTTTTAGTATGCCTTT-ATTTAAATTCGTGTCCTTCAG 1013 SPFMV-CH2
G TA A - T 1019 SPFMV-CH
TCCCGACA-GAGATGGT TGGGTGTATCGGCGAGAGCGGCTTTTAGCCTGGTCTATACACT 1072 SPEMV-CH2
- A C AACATG T-G A A T TC TAT G T 1077 SPFMV-CH
TGAGAAGTTTCTGGTCTATTACGTATCATAAGGGACTCTTAAAAGTGAGGAGTACCTCGT 1132 SPEMV-CH2
CG T 1137 SPFMV-CH
AAGARAAGCCTTTTTGGTTCGTGATCGAGCC 1163 SPFMV-CH2
1168 SPFMV-CH

Fig. 2. Sequences of the SPFMV-CH2 and SPFMV-CH coat protein gene and 3" untranslated region.
The nucleotide sequence of SPFMV-CH2 is shown. Nucleotides of the SPFMV-CH sequence that
differ from SPFMV-CH2 are shown below the SPFMV-CH2 sequence. The predicted amino acid
sequences of the coat protein of SPFMV-CH2 and SPFMV-CH are presented above and below the
corresponding nucleotide sequence, respectively. Amino acids of the SPFMV-CH2 sequence that
differ from SPFMV-CH are boxed. An arrow indicates the first and the last amino acid of the potyvi-
rus coat protein conserved core (equivalent to D33 to R?8 in PVY).
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clone GN169) and a 1.45-kbp fragment
(from sweet potato clone GN144), respec-
tively distinct from SPFMV-CH and
SPVG-CH, were identified. The two virus
isolates were tentatively named SPFMV-
CH2 and SPVG-CH2, respectively. Hy-
bridization studies identified SPFMV-CH2
in two sweet potato clones (GN169 and
GN1) and SPVG-CH2 in one sweet potato
clone only (GN144) (Table 1).

The sequence was determined for the 5°
terminal region of the coat protein gene of
SPFMV-CH2 (Fig. 2; nucleotides 1-486)
and SPVG-CH2 (Fig. 3; nucleotides 1-
612). SPVG-CH2 shared 89.2% amino
acid sequence identity with SPVG-CH in
the N-terminal half of the coat protein.
SPFMV-CH2 shared 67.3% amino acid
sequence identity with SPFMV-CH in the
N-terminal half of the coat protein,
whereas the identity with SPFMV-C was
greater than 95%.

Sequence analysis of the 3” end of the
genome of SPFMV-CH, SPFMV-CH2,
and SPVG-CH2. RACE method (11) was
used to amplify a cDNA fragment corre-
sponding to the 3° terminal region of
SPFMV-CH, SPFMV-CH2, and SPVG-
CH2 genomes. The complete nucleotide
sequences of the coat protein gene and the
37 untranslated region of SPEMV-CH and
-CH2 are presented in Figure 2. The se-
quences include an open reading frame
(ORF) coding for the viral coat protein of
315 and 313 amino acids, respectively,
followed by a 3" untranslated region of 223
and 224 nucleotides, respectively. (Fig. 2).
The sequence of SPFMV-CH2 was two
amino acids shorter than that of SPFMV-C
(Fig. 2) and other strains of SPFMV.

Sequence of the 3° terminal part of
SPVG-CH2 genome was aligned with that
of SPVG-CH (Fig. 3). There is an open
reading frame (ORF) corresponding to the
coat protein gene and extending for 1065
nucleotides. The ORF has the capacity to
encode 355 amino acids. It is followed by
an untranslated region of 223 nucleotides
and a poly(A) tail (Fig. 3).

Pairwise percent sequence identities
between the complete coat protein and the
conserved coat protein core of SPVG-CH
and -CH2, SPFMV-CH and -CH2, and
members of the genus Potyvirus infecting
sweet potato are shown on Tables 3 and 4.
SPVG-CH2 shares 93.5 and 95.8% amino
acid sequence identity in the coat protein
and coat protein core, respectively, with
SPVG-CH. The SPFMV-CH2 complete
coat protein shares 81.5-83.4% amino acid
sequence identity with that of SPFMV-CH,
-0, -RC, and -S, whereas the identity with
SPEMV-C is much higher (97.4%). The
amino acid sequence identities in the coat
protein core between SPFMV-CH2 and
SPEMV-CH, -O, -RC, and -S range from
88.9 to 89.4%. The sequence identities
between SPFMV and SPVG in the coat
protein core range from 80.1 to 81.0%. In
contrast, a search of the Genbank and
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EMBL databases with the coat protein core
of SPFMV and SPVG showed identity
levels less than 70% with SPLV and all
previously sequenced potyviruses. Den-
drograms of sequence relationship gener-
ated from the alignment of the complete
coat protein and the conserved coat protein
core are shown in Figure 4.

Differentiation among three sweet po-
tato potyviruses in mixed infections
based on virus-specific RT-PCR. The 3~
genomic nucleotide sequences of SPFMV-
C, -CH, -CH2, -0, -RC, and -S; SPVG-CH
and -CH2; and SPLV-CH and -T were
compared and six primers were designed
(Table 2). MPCOM primer is specific to
SPFMV and SPVG. MPVG primer is spe-
cific to both -CH and -CH2 strains of
SPVG. MPFMVCH1 was designed to
specifically amplify SPEMV-CH, -0, -RC,
or -S (defined as SPFMV-CH type), when
combined with MPCOM, whereas
MPFMVCH?2 is specific to SPEMV-C and
-CH2 (defined as SPFMV-CH2 type). Two
primers, MPLV1 and MPLV2, were de-
signed to amplify either strain of SPLV.
The length of the amplified fragment was
predicted as follows: 581 bp for SPVG
(MPCOM + MPVG), 700 bp for SPFMV-
CH type (MPCOM + MPFMVCHI1), 859
bp for SPFMV-CH2 type (MPCOM +
MPFMVCH2), and 337 bp for SPLV
(MPLV1 + MPLV2).

The RT-PCR procedure utilizing virus-
specific primers was evaluated on the 18
sweet potato clones from China, and the
results obtained in Table 1 were confirmed
in ethidium bromide stained gels. Six ad-
ditional sweet potato clones from Taiwan
(TN339 and TN340), Kenya (KB 109),
Togo (Georgia Jet), Cambodia (Camb), and
Gabon (Gab) were also evaluated. Positive
controls consisted in SPFMV-infected 1.
nil, SPLV-infected I nil, and SPVG-
infected sweet potato clone GNI144.
SPFMV-CH was amplified from KB109,
Georgia Jet, and Camb, whereas SPFMV-
CH2 was amplified from TN340, KB109,
Georgia Jet, and Camb (Fig. 5). SPVG was
amplified only from the positive control
GN144, whereas SPLV was amplified from
KB109 (Fig. 5).

DISCUSSION

Potyvirus-specific PCR and further se-
quence analysis of the 5”-terminal variable
region of the coat protein gene was per-
formed on 18 sweet potato clones from
China. Two previously unreported virus
isolates, tentatively named SPFMV-CH2
and SPVG-CH2, were identified. Partial
sequence data demonstrated that SPFMV-
CH2 and SPVG-CH2 are closely related to
SPFMV-C and SPVG-CH, respectively.
SPFMV-CH2, however, shares only 69.8%
sequence identity with SPFMV-CH in the
N-terminal half of the coat protein. This
illustrates the difficulty in using partial
sequence information to determine whether
viruses such as SPFMV-CH and -CH2

should be considered as closely related,
distinct viruses, or distantly related strains.

Relationships between SPFMV-CH and
-CH2 were refined by a closer analysis of
the complete coat protein coding region.

On the basis of sequence identities, the
SPFMYV strains can indeed be subgrouped
(Fig. 4). Based on the degree of coat pro-
tein and coat protein core sequence identity
between SPFMV-CH and -CH2 (81.5 and
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Fig. 3. Sequences of the SPVG-CH2 and SPVG-CH coat protein gene and 3" untranslated region.
The complete nucleotide sequence of SPVG-CH2 is shown. Nucleotides of the SPVG-CH sequence
that differ from SPVG-CH2 are shown below the SPVG-CH2 sequence. The predicted amino acid
sequences of the coat protein of SPVG-CH2 and SPVG-CH are presented above and below the corre-
sponding nucleotide sequence, respectively. Amino acids of the SPVG-CH2 sequence that differ
from SPVG-CH are boxed. An arrow indicates the first and the last amino acid of the potyvirus coat
protein conserved core (equivalent to D3 to R%8 in PVY).
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Fig. 4. Taxonomic relationship between the complete coat protein (A), and the conserved coat pro-
tein core (B) of SPFMV-C, -CH, -CH2, -O, -RC and -S; SPVG-CH and -CH2; and SPLV-CH and -T.
The sweetpotato mild mottle ipomovirus (SPMMYV) was taken as an outgroup. The sequence rela-

tionship dendrogram was produced using ClustalV.

88.9%, respectively), both isolates can be
considered to be distantly related strains of
the same virus. On the other hand,
SPFMV-CH, -RC, -0, and -S are closely
related to each other and share more than
95% identity in the coat protein. Such
sequence analyses also clearly showed
that SPVG should be considered as
closely related to, though distinct from
SPFMV (7), reflecting a more recent
evolutionary relationship between both
viruses (Fig. 4).

Genus-specific PCR and subsequent
molecular analysis of amplified regions
thus comprised a powerful method for the
rapid identification and differentiation of
potyviruses infecting sweet potato, and
appeared as the most suitable method for
viruses difficult to purify and/or occurring
in mixed infections. The dendrograms of
sequence relationships generated from the
alignment of the complete coat protein and
the coat protein core constitute valuable
tools for the rapid assessment of the dis-
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tinct/closely related/strain status of border-
line cases such as SPFMV-CH and
SPFMV-CH2 or SPFMV and SPVG.

The development of molecular and se-
rological detection methods would allow
epidemiological studies to be performed on
sweet potato-infecting members of the
genus Potyvirus, particularly SPVG. Spe-
cific primers for detecting and differenti-
ating SPFMV (-CH and -CH2), SPLV, and
SPVG were designed from the 3" genomic
nucleotide sequences of these viruses.
Analysis of the distribution of the potyvi-
ruses infecting sweet potato in the clones
from the Guangdong province of China
outlined the complexity of potyvirus infec-
tion in some of the clones, and the apparent
ubiquitous nature of the newly identified
SPVG compared to SPFMV and SPLV. The
analysis of six sweet potato clones from
Africa and Asia confirmed the worldwide
distribution of SPFMV compared to SPVG.
The ability to detect this previously un-
known virus should shed light on its world-

A. SPVG

M+ ‘531 25354 58

B. SPFMV

1%2- 34 58§

M+ -

12345@86

Fig. 5. Analysis of products amplified from
total sweetpotato RNA with SPVG-specific
primers (A), SPFMV-specific primers (B), and
SPLV-specific primers (C). M = 100 bp DNA
ladder (Boehringer). + = Positive control. — =
Negative control. 1 = Sweetpotato clone
TN339. 2 = Sweetpotato clone TN340. 3 =
Sweetpotato clone KB109. 4 = Sweetpotato
clone Georgia Jet. 5 = Sweetpotato clone
Camb. 6 = Sweetpotato clone Gab.

wide distribution and importance in the
etiology of sweet potato diseases.
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