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Summary. Complementary DNA representing 728 nucleotides of the 3’ end of
the genomic RNA of sweetpotato virus G (SPV-G), a newly-identified potyvirus
infecting sweetpotato, was cloned and sequenced. This sequence was combined
with that previously determined for the 5 terminal part of the coat protein
cistron of the virus. The whole sequence contained a single open reading frame
(ORF) of 1065 nucleotides, with the capacity to encode a coat protein of 355
amino acids, significantly larger than that of other potyviruses. The ORF was
followed by an untranslated region of 222 nucleotides and a poly (A) tail. The
coat protein of SPV-G was only distantly related to that of known potyviruses,
with the exception of sweetpotato feathery mottle virus (SPFMYV). Indeed,
sequence identity in the C-terminal three quarters of the coat protein (more
than 80%) and in the 3’ untranslated region (more than 709) indicate that
SPV-G should be considered as closely related to, though distinct from SPFMV.
This subset relationship is similar to that previously reported for members of
the bean yellow mosaic virus subgroup or the bean common mosaic virus
subgroup.

Introduction

Sweetpotato may be affected by several potyviruses [12], among which
sweetpotato feathery mottle virus (SPFMYV) and sweetpotato latent virus
(SPLV) were recently identified in sweetpotato clones originating from China,
using a combined assay of reverse transcription and polymerase chain reaction
(RT-PCR) with degenerate primers derived from conserved regions in the
genome of the potyviruses [5,6]. RT-PCR and sequence analysis of the variable
N-terminal part of the coat protein allowed a third distinct potyvirus to be
identified in sweetpotatoes from China [6]. The name sweetpotato virus G
(SPV-G) has been tentatively assigned to this virus.
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The use of sequence information for the classification of potyviruses is
generally more reliable than schemes based on biological and serological
properties, which reveal apparent relationships that do not always correlate
with one another [15,17]. Comparisons of coat protein amino acid sequences
and of 3’ non-coding nucleotide sequences have been used to establish
taxonomic relationships among potyvirus members [7, 13, 15, 17, 18]. Sequence
comparisons show a bimodal distribution of coat protein sequence identity
[15]. Known distinct potyviruses vary in coat protein amino acid sequence
similarity between 389, to 719, while known strains of viruses range from 909,
to 999 [15]. Strains of the same virus share 839 to 999/ nucleotide sequence
identity in the 3’ untranslated region, while distinct viruses share generally only
399% to 539 identity in this region [7].

In order to further examine the relationship between SPV-G and other
potyviruses we determined the nucleotide sequences of the 3" terminal part of
the coat protein cistron and of the 3’ untranslated region of SPV-G. These
sequences were combined with that previously determined for the 5’ terminal
part of the SPV-G coat protein cistron [6]. The complete SPV-G coat protein
amino acid sequence and 3’ non-coding region nucleotide sequence were
compared with those of other potyviruses, and more particularly with the Russet
Crack (RC) and the Common (C) strains of SPEFMYV [ 1], and the Taiwan isolate
of SPLV (SPLV-T) (D. Colinet, unpubl. results).

Materials and methods
Plant material

Sweetpotato (Ipomoea batatas L.) clone GNS58 originated from China, Guangdong province
(Dr. Feng Zu Xia, Upland Crops Research Institute, Guangzhou) and was maintained in
Gembloux under greenhouse conditions.

RNA extraction and cDNA synthesis

Total RNA was extracted from symptomatic leaves by the method of Chirgwin et al. [4].
Single stranded cDNA was synthesised from 5 pg of total RNA using the Amersham cDNA
Synthesis Kit, with the following modifications:

— oligo(dT) primer was replaced by 0.5ug of hybrid dT,-adapter primer (5-GACTCG-
AGTCGACAGCGATTTITTTTITTTTTTITTTT-3) [9],

— the reverse transcription reaction was incubated at 42°C for 1 h, and then at 52°C for
30min. cDNA was diluted 10-fold with sterile water.

Amplification of cDNA 3" end

Amplification of the cDNA was performed in a volume of 100 ul of PCR buffer (10 mM
Tris-HCl pH 9.0, 2.5mM MgCl,, 50mM KCl, 0.19 Triton X-100) containing 200 uM
each of dATP, dCTP, dGTP, dTTP, 0.1 nmol each of adapter primer {(5-GACTCGAGT-
CGACAGCG-3) [9] and specific primer, and 2.5 units of Tag DNA polymerase. After
denaturation at 94 °C for S min, annealing at 50 °C for Smin and elongation at 72 °C for
40 min, the following thermal cycling scheme was used for 40 cycles: template denaturation
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at 94 °C for 30sec, annealing at 50 °C for 1 min and DNA synthesis at 72 °C for 3 min. A
final 15 min elongation step at 72 °C was performed at the end of the 40 cycles. Amplification
products were analysed by electrophoresis of 10 ul of the reaction mixtures in a 19 agarose
gel, in trisacetate-EDTA buffer [14]. Bands were visualized by ethidium bromide staining.

Cloning and sequencing of the amplified fragment

After electrophoresis in 1%, agarose gel, the amplified fragment was excised and eluted with
the QIAEX Gel Extraction Kit from Qiagen. After digestion with BamHI and Sall,
the DNA fragment was directionally cloned into the Bluescript plasmid.

Nucleotide sequence was obtained by subcloning the amplified fragment after cleavage
with restriction enzymes. Double-stranded DNA sequencing by the dideoxy chain
termination method was performed using T7 DNA polymerase (Pharmacia) according to
manufacturer’s instructions.

Results
Amplification of the 3' terminal region of SPV-G genome

RACE (Rapid Amplification of cDNA Ends) method [9] was used to amplify
a cDNA fragment corresponding to the 3’ terminal region of SPV-G genome.
The RACE protocol allows the 3’ and 5’ ends of a cDNA to be amplified if a
short stretch of sequence located between the ends is known. For the 3’ end,
RNA is reverse transcribed using a “hybrid” primer consisting of oligo(dT) (17
residues) linked to a unique 17-base oligonucleotide (“adapter” primer).

P1 HC-Pro P3 6BK1 Cl  6K2 Nia Nib cp

L[ | | [ F—-rom

- cP
—WMW/// ] POLY(A)

CP145  GATTATGGATCCAATGATGAG
Bam Hi

Fig. 1. Genetic map of the potyvirus genome showing the position and sequence of the
specific primer (CP 1.45) designed from the known sequence of the 5 terminal part of
the coat protein cistron. The primer corresponds to codons 187-193 of the coat protein.
The hatched box represents the part of the SPV-G genome previously amplified by RT-PCR
with degenerate primers [6]. PI First protein; HC-Pro helper component-protease; P3
third protein; 6K1 first 6K peptide; CI cytoplasmic inclusion protein; 6K2 second 6K
peptide; Nia nuclear inclusion a protein; Nib nuclear inclusion b protein (RNA polymerase),
CP coat protein
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Fig. 2. Agarose gel stained with ethidium bromide, showing the result of amplification of
the 3’ terminal region of SPV-G genome. 1 DNA size markers, fragment sizes (in kb)
indicated on the left. 2 Product amplified from SPV-G infected Ipomoea setosa

Amplification is subsequently performed using the adapter primer, which binds
to each cDNA at its 3’ end, and a primer specific to the gene of interest.

Total RNA was isolated from leaves of Ipomoea setosa grafted with the
sweetpotato clone GN58 and shown to be infected with SPV-G but not with
SPFMYV and SPLYV, using PCR and hybridization assays (unpubl. res.). cDNA
was amplified using oligo(dT, ;)-adapter and amplification was carried out using
adapter primer and a specific primer (CP 1.45) designed from the known
sequence of the 5" terminal part of the coat protein cistron of SPV-G (6) (Fig. 1).
The three nucleotides 10 to 12 of the specific primer CP 1.45 were modified
(GTG to TCC) in order to generate a BamH1 site (Fig. 1). A 750 bp fragment
was amplified (Fig. 2) and cloned into the Bluescript plasmid.

Sequence analysis of the SPV-G PCR product

Because of the low fidelity of the Tag DNA polymerase, which may lead to
misincorporations, the sequence of the SPV-G amplified fragment was deduced
from three independent clones. This sequence was combined with that
previously determined for the 5'-terminal part of the coat protein cistron of
SPV-G [6].

The complete nucleotide sequence of the coat protein cistron and the 3’
untranslated region of SPV-G is presented in Fig. 3. There is an open reading
frame (ORF) extending for 1065 nucleotides, with the capacity to encode 355
amino acids. The ORF is followed by an untranslated region of 222 nucleotides
and a poly(A) tail. The DAG box involved in aphid transmission [2] was
located at position 7 of the coat protein amino acid sequence of SPV-G, for
which aphid-transmissibility has been demonstrated (unpubi. res.). The 3" non-
coding region of SPV-G contains the consensus sequences AGTGAGG
(position 1238 to 1244) and CCTC (position 1250 to 1253) separated by five
nucleotides, which could form a step-loop structure possibly having a role in
replication [3].
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TCT GCT GAA GAG ATA TAC GAT GCA GGA AAA ACA GGA AAC ACA GGA AGG GGA AGA GGA CGA GGT 63
S A E E I Y D A 6 K T 6 N T G R G R G R G 21

ACT GTG CCT CCG CCG CCG CCA CCC CCT GGG GCA CCA AGA ACA GGT GAC CTG CCT CCA GCA 67G 126
T v P P P P P P P G A P R T G D L P P A V 42

CAG ACA GGA CCA YTA CCA CCA GGT GCA GCC TCA AAA CCA CCT ATC ATT GAG GAA ATT CTG CAG 189
@ T 6 P L P P G A A S K P P I 1 E E 1 L @ 63

CCA GAG TCA CCG AGA ACG AAG GCA TTG CGG GAA GCG AGA GGG AAA GCT CCA GCA ACA ATT CCA 252
P E S P R T K A L R E A R G K A P A T 1 P 84

GAT AGT AGA GGG GTT GAT ACA TCA CAA ATA CCG AGT TTC ACA CCA GGT AGA GAC CAA ACA ATG 315
b 8§ R &6 V D T & @ I P $§ F T P 6 R D @ T H 105

ACA CCA ACC CCT CAA AGA ACA AGC ACT GAG GTG AGA GAT AGA GAT GTG AAT GCT GGT ACT GTT 378
T P T P @ R T S$ T E V R D R D V N A 6 T V 126

GGT ACT TTC ATA GTG CCA CGG CCC CAG ATA ACA CAT AGT AAG AAA ACA GCA CCA ATG GCA AAT 441
G T F I Vv P R P Q@ I T H 8 K K T A P M A N 147

GGA AGA ATA GTA GTC AAT CTT GAC CAC TTG ACA ATC TAC GAC CCT GAA CAA ACA AGT CTT TCA 504
G R I v VvV N L D #H L T 1 Y D P E Q@ T s L 8 168

AAT ACT CGA GCA ACA CAG GAA CAA TTT AAT GCT TGG TAC GAG GGT GTC AGG GAA GAT TAT GGA 567
N T R A T @ E @ F N A W Y E 6 V R E D Y 6 189

GTG AAT GAT GAG CAA ATG GGG ATA TTG CTC AAT GGG TTA ATG GTT TGG TGC ATC GAG AAT GGA 630
vV N D E @ M 6 I L L N 6 L M V W C I E N & 210

ACA TCC CCA AAT ATT AAT GGA ATG TGG GTC ATG ATG GAT GGT GAT GAA CAA GTT ACA TAT CCA 693
T 8§ P N I N 6 M W V M ¥ D 6 D E @ V T Y P 231

ATA AAA CCT CTA TTG GAT CAT GCT GTC CCC ACA TTT AGG CAG ATA ATG ACA CAC TTT AGL GAC 756
1 x P L L D H A V P T F R @ I M T KB F s D 252

ATC GCT GAA GCG TAT ATT GAA AAG CGC AAT AGG ATC AAG GCA TAC ATG CCG AGG TAT GGT CTA 819
CAA CGA AAC TTG ACG GAT ATG AGT ATT GCG CGA TAT GCG TTC GAT TTC TAT GAG CTG CAC TCG 882
@ R N L T D M s I A R Y A F D F Y E L K S8 294

AAC ACT CCT GTT CGG GCC AGA GAG GCA CAT ATG CAA ATG AAA GCA GCA GCA CTT AAG AAC GCA 945
N T P V R A R E A H M @ M K A A A L K N A 315

CAA AAT CGG TTG TTT GGT TTG GAC GGA AAC GTC TCC ACG CAG GAA GAA GAT ACG GAG AGG CAC 1008
@ N R L F 6 t D 6 N V 8 T @ E E D T E R H 338

ACA ACG ACT GAT GTT ACA AGG AAT ATA CAT AAC CTC TTG GGT ATG AGG GGT GTG CAG TAAACAA 1072
T T T D V T R N I H N L L 6 H R 6 V Q 355

TATATTGGCTCGTACCTTTTAATTTCAGTTTCGCCTTCAGTGTAATTTAAATTCGTATCTTTCAGTCCCGAAGAACCTGGTTT 1155
GGTGCAGAGCTTAATGAGGTGTTACCTCTATCTTTGCAT TGGAGAAGGGATCTTTCTATTACGTATCATAAGGGACTCTTAAA 1238
GTGAGGTTTTACCTCGTAAGAAAAGCCTTTTTGGTTCGTGATCGAGCC poly (A) 1286

Fig. 3. Sequence of the SPV-G coat protein and 3’ untranslated region. The predicted

amino acid sequence of the single ORF is presented above the nucleotide sequence.

Underlined nucleotides indicate the region from which the specific primer was derived.
EMBL accession N°X76944
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Comparison of the coat protein sequence of SPV-G with SPFMV
(-RC and -C), SPLV-T and other potyviruses

The SPV-G coat protein shared 66% and 65% identity with SPFMV-RC and

-C, respectively, at the amino acid level (Fig. 4). The sequence identity with

SPLV-T and other potyviruses was less than 609%,. The C-terminal three-

quarters (residues 116 to 355) of the SPV-G coat protein sequence shared 839,
and 82% identity with SPFMV-RC and -C, respectively, and less than 70%,

with SPLV-T and other potyviruses at the amino acid level.
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QPPTTQGSQLP---QGGATGGGGAQTGAGGTGSVTGGGRI|DIK
-------------------- -AGKKKDQKDDKVAEQASKDR
DVHNAIGTVG PQITHSKK|TAPMA vV Lp[H LT 1]y
DVNVIGT VG VKMNANKKIRQIP MV AT TIN[FQHLIST|Y
D VNIVIGTITIG YKLHTGKIMRQPRY 1 §|VVNL{QIH LIAT|Y
DiI N TiG|T L|G LRATIPTIRITRLIPILTI KCGAAL RILID HiLIL ViY
DIVDA|GIS VIG LKAMT SIKILSLIPIKVKGKATMNIL(NHILIA H|Y
DIV N AIG|T S|G I KATTSIKIMRMIPITSKGATVLNLIE HIL|L EJY
BIVD AIGIT 736 LKAMSKIKIMRLIPIKAKGGD VL HILID FILIL TjY
BVMAGTSG INAMATKLQYPRMRGEYVVNLNHLLGL
DIPEQTSLSHNTRAITOEQFNAWYEGVIREDYGSVIRIDEQMGILLNG
EIPEQFEVAINTRISTQEQF|QAWYEGVIKGDYGVDIDI]TGMGILLNG
EIPEQIHNIGINTR|ISITQEQFRIAWYEGVIKGIDYGVIDIDIAGMAITLLNG
klpfslojLo 1 TINJAKATRSQFINGWYEGVKNARIY[EVDHQQMS T L M NG
SIPIAIQIVD L SINITRAPQSC|FIQTIWIYEGVKRD|YIDVTDDEIMISI I LN|G
APIQIQIT D I SINNTRATQSQ[FIDTIWYEAVRMAYIDIGETEMPTVMNIG
KIPIQIQIQD I SINNTRATREE|IFDRWYEAIKKEIYELDDTOMTVYHMSEG
KiPl@jQiI D L SINNARATHEGG|F|] AWIHQAVMTA|YIGVNEER MK I'LLNG
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SPV-G LMVWCIENGTSPN GMWVIMMDGDEQVTYPIKPLLOHAVPT
SPFMV-RC LMVWHCIENGTSPN GIVIWITIMMDGDEQVTYPIKPLLDRBRAVPT
SPFMV-C LMVWCIENGTSPN GIVIWITMMDGDEQVTYPIKPLLDHAVPET
SPLV-T LVIVWCTIENGITISPN GIDWIVIMMD G|D T|QIVS YPLHKPILIDF|AAIPT
PPV LMVEHCTENGITISPN GMWIVIMMD GETIQVEHP IIKPILLD HIAKIPT
PVY LMIVWCIENG G|T|SPN GIVIW|/VIM MD G[N EJQIVE Y P LIKP[I VE NJA[KIP T
SCMV LMVWCTENGICISPN GI{SIWITIMMD GID E|QITV FPLIKP|VIENIAS|IPT
TEV FMIVWCITENGTSPN 67 itv MMDGEDIQIVSYPLKPMVENA jSj;
SPV-G RAQIMTHFSDIITAEAY TEKRNRIIIKAYHPRYGLQRNLTDMSIIIA
SPFMV-RC RGIMTHFSDIVIAEAYTEMRNRTIKAYMPRYGLQRNLTDMS|LIA
SPFMV-C ROIMTHFSDIVIAEAYTEMRNR|TIKAYMPRYGLQOQRNLTDMS|LIA
SPLV-T RIGIIIMKHFSDIVAEAYIQHIRNAEQGPIYMPRYGILQIRNILTIDIMSLA
PPV RIR{IIVAR[FSD|IVIAEACVEKRNYEKAYMPRYG|I QR NIL TID|]Y S LA
pVY RIQIIMAHIFSDIVAEAYTEMRRKKEPIYMPRYGILITIRNILRDMGLA
SCMV RIQIIM HHIF SDA[JAEAYTEYRNSTERIYMPRYG|LQRN|LTID[YSLA
TEV RIQITIM T HIF SDILIAEA|YT EMRNIRERPIYMPRYG|LQRN|ITIDIMSLS
SPV-G RYAFDFYELGHSINTP|V[R AIR[E A MKAAALKNAIQINRLFGLDG
SPFMV-RC RYAFDFYELHSITITPARAKIEA MKAAALKNAKINRLFGLDG
SPFMV-C RYAFDFYELHSTITPARAKIEA MKAAALKNAHINRLFGLDG
SPLV-T RYAFDFYE|VTSIR|TP|I|R A|K|E A MKAAAILTNTHHRLFGLDG
PPV RYAFDFYEMTSITITPVIRARIEA MKAAALRNVQANRLFGLDG
PVY RYAFDFYE|VT|SR|T P|[V|R A[RIE A MKAAALKSAQPIRLFGLDG
SCuy RYAFDFYEMNISIRIT PIAIR AIK|E A MKAAAVRGEGSNTI RLFGLDG
TEV RYAFDFYELTSKITP VJifLR EA MKAAAVRNSGTRLFGLDG
SPV-G HNYSTQEEDTERHTTTIDVIRNIHNLLGMRGVQ

SPFMV-RC NVSTQEEDTERHTTTDVTRNIHKNLLGMRGVQ

SPFMV-C NVSTQEEDTERHTTTDVTIRNIHNLLGMRGYC

SPLV-T NVSITITEENTERHT D RNIHTLILGMRGIH

PPV NVGITIQRKGQGD|ITERHT D RNMHITFILGIVRGYV

PVY GISITQEERNTERHT D PSMEBITLILGIVKNH

SCMV NVGITIREENTERHT D R NMHIS LIL G|]VaQQH

TEV NVGITIAEEDITERHT D RNMHITLILGIVRAQ

Fig. 4. Alignment of the deduced amino acid sequence of the coat protein of SPV-G with

those of SPFMV-RC, -C, SPLV-T, and other potyviruses. Dashes indicate the gaps for

optimum alignment. Only identical residues of SPV-G and of both strains of SPFMV and
those which are identical in the five other potyviruses are boxed

Comparison of the SPV-G and SPFMV (-RC and -C)
3" non-coding sequences

The 3’ non-coding portion of the SPV-G genome had the same length (222
nucleotides) and shared 739 identity with those of SPFMV-RC and -C (Fig. 5).
The sequence identity between SPV-G and other potyvirus in this region was
less than 55%,.
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SPV-G TAAACAATATATTGGCTCGTACCTT----TTAATTTCAGTTTC- - - -GCCTTCAGTGTAATTTAAATTCGTATCTTTCAGT
SPFMV-RC GGAC CCTC  CAGTY GA ATAC G ATC AGTAT  ----- - G

SPFMV-C GGAC CCTC CAGT G ATAC TG ATC  AGTAT  »»--- - G

SPV-G CCCGAAGAACCTGGTTTGGTGCAGAGCTTAATGAGGTGTTACCTCTATCTTTGCATTGGAGAAGGGATCTTTCTATTACGT
SPFMV-RC -GA GA TAAGE GATA T GGTA T TCGC

SPFMV-C -GA GAA TAAGES GATA T GG TA T TCGC

SPV-G ATCATAAGGGACTCTTAA- AAGTGAGG- - TTTTACCTCGTAAGAARAGCCTTTTTIGGTTCGTGATCGAGCE poly (A)
SPFMV-RC - “-AG - poly (A)
SPFMV-C - --AG - poly (&)

Fig. 5. Alignment of the nucleotide sequence of the 3' untranslated region of the SPV-G
genome with those of SPEMV-RC and -C. Dashes indicate the gaps for optimum alignment

Discussion

The deduced coat protein amino acid sequence of the newly identified potyvirus
infecting sweetpotato from China (SPV-G) was significantly longer than that
of other described potyviruses (Fig. 4). Moreover, coat protein sequence identity
between SPV-G and other potyviruses was in the range of distinct viruses.
However, sequence identity above 809 in the conserved coat protein core
region revealed relatively close relationships [1, 8] and allowed the establish-
ment of subgroupings within the aphid-transmitted potyviruses [ 13, 17]. indeed,
if the N-terminal divergent sequences are omitted, the overall identity between
the C-terminal three quarters of the coat protein of SPV-G is more than 809
with both strains of SPFMV, but less than 70% with SPLV-T and other
potyviruses, thus suggesting that SPV-G is more closely related to SPFMV
than to other potyviruses. Thus SPV-G and SPFMV form a closely related
subgroup similar to those previously reported for the bean yellow mosaic virus
subgroup [16, 18] and the bean common mosaic virus subgroup [10, 11, 16].
For comparison, the two strains of SPFMV shared 849, identity for the complete
coat protein and 90.59 identity in the C-terminal three quarters of the coat
protein at the amino acid level [1].

The relationship between SPV-G and both strains of SPFMYV was confirmed
by the 73% sequence identity observed in the 3’ non-coding region, which is
below the 83% to 999 identity found for accepted strains of viruses [7], but
above the maximum identity of 50%, generally given for distinct potyviruses.
Such intermediate level of sequence identity is sometimes observed within
subgroups such as the bean yellow mosaic virus subgroup [ 16, 18]. In contrast,
the 3’ non-coding regions of SPFMYV strains RC and C were 989, homologous
1]

In conclusion, coat protein and 3’ non-coding region sequence data indicate
that SPV-G is closely related to SPFMV, though it should be considered as a
distinct potyvirus. Indeed, the length of the SPV-G coat protein (355 amino
acids) is longer than that of SPFMYV (316 amino acids). Moreover, the levels
of sequence identity for the coat protein and the 3’ non-coding region between
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both strains of SPFMV are much higher than between SPFMV and SPV-G.
It remains to be determined whether the sequence identities described above
between SPV-G and SPFMYV are linked to similarities in terms of biological
or serological properties.
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