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Summary. The sequences of the N-terminal part of the coat protein cistron from
six isolates of yam mosaic virus (YMV-TOG, YMV-COT, YMV-12, YMV-
CAR,YMV-BU1 and YMV-BU?2) were determined. The analysis of the deduced
amino acid sequences revealed the presence of consensus motifs characteristic of
the potyvirus genus supporting the classification of YMV as a potyvirus member.
The alignment of the N-terminal part of the coat protein of YMV-TOG,
YMV-COT, YMV-12 and YMV-CAR showed that they were identical in size
(152 aa) while YMV-BU1 and YMV-BU2 were shorter (140 aa) due to a deletion
of 12 aa. These amino acid sequences exhibit an overall sequence identity ranging
from 70.4% to 97.4% while the identity level with the other potyviruses
sequenced in the considered region is below 50%, confirming that YMYV is
a distinct member of the potyvirus genus. The detailed analysis of the amino acid
sequence alignment and of the identity levels observed between the N-terminal
part of the coat protein of the six YMV isolates lead us to suggest that they have
to be considered as distantly related strains of YMYV rather than closely related
but distinct viruses.

Introduction

Yam mosaic virus (YMV) was first described by Thouvenel and Fauquet
[22-24]. This virus causes economically important losses in yams (Dioscorea
spp.) and the main symptoms consists of interveinal mosaic or vein banding.
YMYV has been reported in several African countries: Ivory Coast [22, 23],

* The sequence data reported in this paper have been submitted to the EMBL database
under the following accession numbers: YMV-TOG: Z48172, YMV-COT: Z48155,YMV-12:
748173, YMV-CAR: Z48174, YMV-BU1: Z48156, YMV-BU2: Z48157.
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Nigeria [217] and Togo [12]. A morphologically similar virus, serologically
related to YMYV, has been reported in the Caribbean [8].

YMYV particles are flexuous and rod shaped, about 785 nm long and com-
posed of a single-stranded RNA molecule associated with one species of
a 34 KDa coat protein (CP). This agent is transmitted by aphids in the non-
persistent manner [23]. Due to these biological, microscopical and serological
properties, YMV was thus classified in the potyvirus group [24]. Shukla et al.
[20] classified YMV as a possible member of the Potyvirus genus.

The use of sequence information for the classification of potyviruses is
generally considered as more reliable than criteria based on biological and
serological properties. Moreover, CP amino acid sequence data can be used to
identify and differentiate distinct strains of potyviruses [ 14, 17-19, 25, 26]. So far,
sequence data which would allow the classification of YMV to be confirmed as
a potyvirus member has not been published. In order to validate this classifica-
tion and to more precisely characterize YMV, a RT-PCR assay utilizing
degenerate primers was designed to amplify the 5-terminal part of the CP
cistron of six YMYV isolates. The implication of the sequence analysis of the
N-terminal part of the CP for the taxonomic status of these six YMV isolates are
discussed.

Materials and methods
Virus isolates and plant material

The six YMV isolates originated from various countries: Ivory Coast (YMV-12 and
YMV-COT), Togo (YMV-TOG), Burkina Faso (YMV-BUI and YMV-BU2) and Carib-
bean (YMV-CAR). YMV-TOG, YMV-COT, YMV-CAR, YMV-BU1 and YMV-BU2 were
isolated from yam clones (Dioscorea spp.). All these isolates were propagated in Nicotiana
benthamiana by mechanical inoculation from YMYV infected yam leaves. The YMV-TOG
isolate was provided by the Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH Abteilung Pflanzenviren in Braunschweig, Germany (ref: PV-0106, YM V). YMV-12,
a YMYV isolate originating from Ivory-Coast, was provided as a purified virus preparation by
Dr.J. Dubern (ORSTOM, Montpellier). Host range and symptomatology data of this isolate
revealed that this virus was very similar to that studied in the original description of the
disease (J. Dubern, pers. comm.). The YMV-COT, YMV-CAR, YMV-BU1 and YMV BU2
isolates were respectively provided by the [IRSDA (Abidjan, Ivory Coast), by Dr. S. Mantell
(Wye College, University of London) and by the INERA (Kamboisé, Burkina, Faso). Potato
Virus Y (PVY), used as the potyvirus reference strain, was maintained by mechanical
transmission in N. tabacum cv Samsun.

RNA extraction and ¢cDNA synthesis

For the YMV-COT, YMV-CAR, YMV-BUI1 and YMV-BU?2 isolates, as well as for PVY,
total RNA was extracted from 2 g of symptomaticleaves by the method of Chirgwin et al. [2].
Forthe YMV-TOG isolate, total RNA was extracted from 100 mg of infected N. benthamiana
leaves using the TRIzol Reagent (Life technologies) while viral RNA of YMV-12 isolate was
extracted from the purified virus preparation received from Dr. Dubern. 200 ug of YMV-12
was diluted in 100 ul of DEPC-treated water. After addition of 25 ul of 25% SDS, the mixture
was incubated at 60 °C during 30 min. 75 yl of DEPC-treated water were then added and the
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Fig. 1. Amino acid and nucleotide sequence of the degenerate primers POT1 and POT2 and

their localization in the potyvirus genome, P] First protein; HC-Pro helper component-

protease; P3 third protein; 6K1 first 6K peptide; CI cytoplasmic inclusion protein, 6K2

second 6K peptide; Nla nuclear inclusion a protein; NIb nuclear inclusion b protein (RNA
polymerase); CP coat protein

RNAs were purified by two phenol/chloroform extractions. After ethanol precipitation, the
RNA was resuspended in 50 ul of DEPC treated water.

Single stranded ¢cDNAs were synthesized from 5pg of total or viral RNA using an
oligo-dT primer according to the Superscript Preamplification System protocol (Gibco-
BRL). The resulting cDNAs were diluted 5-fold with sterile water. Five microliter from these
preparations were then used for the PCR amplifications.

PCR experiments

Two degenerate primers (POT1 and POT2) were used for the amplification of cDNA
corresponding to the 3'-terminal part of the NIb cistron and to the §'-terminal part of the CP
cistron [3]. The sequence of the two degenerate primers and their location in the potyvirus
genome are presented in Fig. 1. Amplification of the cDNA was carried out in a 50 pl volume
using the Dynazyme DNA Polymerase kit. Five microliter of 10-fold Dynazyme PCR buffer,
100ng of each POT1 and POT?2 primers, 100 uM of each dATP, dCTP, dGTP, dTTP and
1 unit of Dynazyme DNA polymerase were added to 5 pl of the cDNA preparation. Sterile
water was added to a final volume of 50 ul.

The following thermal cycle scheme was used for 37 reaction cycles (Biometra cycler):
template denaturation at 94 °C for 30sec, primer annealing at 40 °C (cycles 1-5) or 50°C
(cycles 6-37) for 1 min and DNA synthesis at 72 °C for 2 min. After a final 10 min elongation
step at 72°C at the end of these 37 cycles, amplification products were analysed by
electrophoresisin a 1% agarose gel, in Tris-acetate-EDTA buffer [ 15]. Bands were visualised
by ethidium bromide staining.

Cloning and sequencing of PCR-amplified fragments

After electrophoresis, bands of expected lengths were excised and eluted with the QIAEX Gel
Extraction Kit from QIAGEN. For the cloning of the amplified fragments, we used the
EcoRI and BamHI restriction sites located respectively in the POT1 and POT2 primers. The
YMV-BU2 fragment was cloned in a EcoRI-BamHI digested pBluescript vector (Strat-
agene). The other amplified fragments were cloned in two separate fragments (due to the
presence of an internal EcoRI restriction site for YMV-COT, YMV-BU1, YMV-CAR and
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YMV-TOG, and due to the presence of a BamHI restriction site for YMV-12). Those
digested fragments were inserted in their corresponding sites in the pBluescript vector.

For the sequencing reactions, the T7 primer, the primer Reverse or an internal synthetic
oligonucleotide derived from the sequences were used. The double-stranded DNA se-
quencing by the dideoxy chain termination method was carried out using T7DNA poly-
merase (Pharmacia) according to manufacturer’s instructions.

Comparison of the sequences

The nucleotides and the derived amino acid sequences were compared to the EMALL and
SWALL library from the EMBL using the Fasta program [11]. Multiple alignment and
dendogram were performed with the Clustal V program [35, 6].

Results
RT-PCR amplifications

RT-PCR were carried out using the two degenerate primers, POT1 and POT2,
designed to amplify cDNA fragments spanning the 3'-terminal part of the NIb
cistron and the 5'-terminal part of the potyvirus CP cistron [3]. RT-PCR assays
were carried out on RNA extracted from plants infected with the YMV-TOG,
YMV-COT,YMV-CAR,YMV-BU1,YMV-BU2isolates and on a purified virus
preparation of YMV-12. Total RNA isolated from N. tabacum cv Samsun
infected with PVY was used as a positive control. Amplification with primers
POT1 and POT?2 yielded a fragment of about 1.3 kb for the six YMV isolates and
a fragment of about 1.2kb for PVY (Fig. 2, lane 2-8) whose length was in
agreement with the known sequence of that virus [13]. No fragments were
amplified from RNA extracted from healthy N. benthamiana (Fig. 2, lane 9).

Cloning and sequence analysis

The various PCR fragments corresponding to the 5'-terminal part of the CP
cistron were cloned in the pBluescript vector and their nucleotide sequence
were determined from three independent clones obtained from a single amplifi-
cation.
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Fig. 2. Electrophoretic gel of the RT-PCR assays performed with primers POT1 and POT2

on RNA extracted from a healthy N. benthamiana (9) and from plants infected with:

YMV-TOG (2); YMV-COT (3); YMV-12 (4); YMV-CAR (5); YMV-BU1 (6); YMV-BU2 (7)
and PVY (8). 1, 10 Molecular weight markers
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Fig. 3. Amino acid sequence alignment of the N-terminal part of the coat protein of the six

YMYV isolates and of PVY-D. /: presumed cleavage site between the NIb and the CP cistron.

The trypsin-resistant core region of the CP begins at the amino acid residue equivalent to
D, in PVY [28]

Table 1. Sequence identity (in percent) between the N-terminal part of the coat protein of the
six YMV isolates

YMV-TOG YMV-COT YMV-12 YMV-CAR YMV-BU1l YMV-BU2

YMV-TOG - 97.8 712 83.5 73.5 73.2
YMV-COT 974 - 76.8 83.7 74.1 743
YMV-12 77.3 76.3 ~ 76.3 70.0 70.0
YMV-CAR 822 82.2 76.3 - 732 73.7
YMV-BU1 757 75.0 70.4 73.0 - 97.1
YMV-BU2 763 75.7 711 717 95.7 -

Above the diagonal: nucleotide sequence identity. Below the diagonal: amino acid
sequence identity

The deduced amino acid sequences obtained for the six YMYV isolates were
aligned with that of the N-terminal region of the CP of PVY-D [16] (Fig. 3). This
alignment revealed in all the YMYV isolates the presence of consensus motifs
characteristic of the potyvirus genus. Among them is the “DAG box” (position 13
to 15, Fig. 3) probably involved in the aphid transmissibility of the virus [1] and
the putative cleavage site (Q/A, Fig. 3) between the NIb and the CP cistron.
Other consensus motifs were also present in the C-terminal part of the NIb
cistron (data not shown).



1072 O. Duterme et al.

[ YMV-TOG
YMV-COT

YMV-CAR

YMV-BU1
YMV-BU2
YMV-12

PVY

r T 1
0 50 100

Fig. 4. Dendrogram built from the amino acid sequence alignment presented in Fig. 3.
Vertical distances are arbitrary, horizontal distances are proportional to percent amino acid
sequence divergence, shown in the scale below the figure

The sequence comparisons of the N-terminal parts of the CP of the six YMV
isolates revealed identities ranging from 70.0% to 97.8% and from 70.4% to
97.4% at the nucleotide and at the amino acid level respectively (Table 1). At the
amino acid level, high sequence identity were observed between YMV-BU1 and
YMV-BU2 (95.7%) and between YMV-TOG and YMV-COT (97.4%). The
other sequence identities observed between the six YMYV isolates ranged from
70.4% to 82.2% (Table 1).

The comparison of the six YMV sequences revealed that the N-terminal part
of the CP encompass a 152 aa fragment for the YMV-TOG, YMV-COT,
YMV-12and YMV-CAR isolates. However, this fragment is only 140 aa long for
the YMV-BU1 and YMV-BU2 isolates. Indeed, the YMV-BU1 and YMV-BU2
isolates lack a stretch of 12 aa from position 34 to 45 in comparison to the four
other isolates (Fig. 3).

In order to show the relationships between the six YMYV isolates and PVY,
a dendrogram was built from the multiple amino acid sequence alignment (Fig.
4). This dendrogram showed that YMV-TOG and YMV-COT and that YMV-
BU1 and YMV-BU2 were respectively closely related. YMV-CAR shared an
average sequence identity of 82.2% in comparison to YMV-TOG and YMV-
COT while YMV-BU1 and YMV-BU?2 presented 78.8% sequence identity with
YMV-CAR, YMV-COT and YMV-TOG. The average sequence identity be-
tween YMV-12 and the five other YMYV isolates was 75.9%. PVY, the type
member of the Potyvirus genus, shared an average sequence identity of 35% with
the six YMYV isolates.

Amino acid sequence comparison between the six YMYV isolates and 28
potyviruses previously sequenced in the considered region (listed in [20]) exhibit
a broader divergence (identity level below 50%) (data not shown).

Discussion

The aim of our study on the N-terminal part of the CP cistron was to analyse the
taxonomical relationship between YMV and members of the Potyvirus genus
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and to evaluate the variability between YMYV isolates of different origins. The
comparison of the entire CP cistron has been widely used to establish taxonomic
relationships among potyvirus members [14, 17-19, 26]. The sequence data
show a bimodal distribution of CP sequence identities [ 17-19]. Known distinct
potyviruses vary in CP amino acid sequence identity between 38% to 71%, while
known strains of viruses range from 90% to 99%.

The PCR procedure utilizing degenerate primers designed to amplify the
region coding for the C-terminal half of the Nib polymerase and the N-terminal
half of the CP is a rapid and sensitive technique for detecting and characterizing
members of the Potyvirus genus [3]. The cloning and sequencing of the six YMV
amplified fragments obtained with the degenerate primers POT1 and POT2
revealed potyvirus specific consensus motifs, thus confirming the classification of
YMYV as a potyvirus member on the base of its biological, serological and
microscopical properties [20]. Among these motifs, the “DAG box” [1] is in
agreement with the aphid transmissibility of the YM'V [24].

YMV-BU1 and YMV-BU?2 lacked a stretch of 12 aa from position 34 to 45
within the CP cistron in comparison to the four other isolates. Similar deletions
have been observed within some strains of PPV [7] and for SMV-Nand WMV-2
[28]. Examination of the nucleotide and amino acid sequences of the six YMV
isolates revealed no evidence for partial CP duplication [4, 9, 10, 27].

Since the sequence identities between the six YMYV isolates and all the other
potyviruses were below 50%, we can conclude that YMYV is a distinct potyvirus.
The high sequence identity observed between YMV-BU1 and YMV-BU2 and
between YMV-TOG and YMV-COT (95.5% and 97.4% respectively) suggests
that those YMYV isolates are closely related strains of YMV. The other sequence
identities between the six YMYV isolates ranged from 70.4% to 82.2%, within the
range of variation seen for this region in other potyvirus strains [207]. These
identities were calculated for the N-terminal half of the CP cistron which
includes the most variable region [17, 18, 20, 26]. As shown in Fig. 3, most of the
sequence differences are located in the first 67 aa domain of the protein which is
known to differ markedly between individual viruses. The core region of the CP
(residues 67-152), shows much fewer amino acid substitutions in the YMV
isolates compared to those seen in comparison with PVY (Fig. 3). These
observationslead us to suggest that the six YMV isolates should be considered as
different strains of a single virus.
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