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ABSTRACT

Hammond, J., Jordan, R. L., Larsen, R. C., and Moyer, J. W. 1992, Use of polyclonal antisera and monoclonal antibodies to examine serological
relationships among three filamentous viruses of sweetpotato. Phytopathology 82:713-717.

Sweetpotato is susceptible to infection by several filamentous viruses
of which only the aphid-transmitted sweetpotato feathery mottle virus
(SPFMYV) has been well-characterized. Sweetpotato mild mottle
(SPMMYV; transmitted by whiteflies) and sweetpotato latent (SPLV; for
which no vector has been identified) viruses, although well-recognized,
have not been definitively classified. The serological relationships among
these viruses were re-examined with SPFMV-, SPLV- and SPMMV-
specific polyclonal antisera and potyvirus cross-reactive monoclonal anti-
bodies (MAbs). No significant relationships were detected between
SPMMYV and SPFMV, SPLV, or any other aphid-transmitted potyvirus.
None of the MAbs reacted to SPMMYV. Several MAbs reacted with
epitopes common to SPFMV and SPLV, whereas others reacted with
epitopes on only one of these viruses. With the exception of one MAb

specific for SPFMV, all MAbs used recognized epitopes present on other
distinet potyviruses. An apparent distant relationship between SPFMV
and SPLV was also revealed by probing Western blots with respective
polyclonal antiserum. Thus, SPFMV and SPLV share some common
epitopes but are easily differentiated when potyvirus cross-reactive MAbs
are used. SPMMYV appears to be serologically distinct from any of the
aphid-transmitted potyviruses; it possesses none of the epitopes recognized
by the MAbs used. These MAbs included PTY I, which cross-reacts
with almost every aphid-transmitted potyvirus (and SPLV) so far tested.
We concluded that SPFMV, SPLV, and SPMMYV are three separate
but atypical potyviruses, and SPFMV and SPLV are more closely related
to typical aphid-transmitted members of the potyvirus group.

Sweetpotato (Ipomoea batatas (L.) Lam.) may be severely
affected by at least five viruses with elongated, flexuous particles
(31). Only sweetpotato feathery mottle virus (SPFMYV), which
is found virtually everywhere the crop is grown, has been even
partially characterized (1,5,28). Because SPFMYV is widely distrib-
uted, it is frequently identified as a component of mixed infections,
which further interferes with correct identification of these viruses.
Two other viruses with long flexuous virions, sweetpotato latent
virus (SPLV) and sweetpotato mild mottle virus (SPMMYV), have
been separated from SPFMV. Virions of the three viruses have
distinct normal lengths, all within the acceptable limits for poty-
viruses, and each virus induces cytoplasmic inclusions charac-
teristic of potyviruses (6,7,17). Neither SPLV nor SPMMYV has
been adequately characterized relative to SPFMV, and thus the
extent of their serological relatedness to each other or to other
potyviruses has not been established.

SPFMYV has many of the biological and cytopathic charac-
teristics of potyviruses, including aphid transmissibility, occur-
rence of pinwheel inclusions, and a relatively narrow host range.
Structurally, SPFMYV is significantly larger than most potyviruses.
The size of virions ranges from 810 to 865 nm (30,33); the capsid
protein is 35 kDa (1), and the RNA is estimated to have an
MW of 3.65 X 10° Da (28). SPLV is more similar morphologically
to typical potyviruses than either SPFMV or SPMMYV, but neither
aphids nor whitefly species have been shown to vector the virus
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(7; and J. W. Moyer, unpublished). SPLV occurs in Taiwan and
mainland China and has a wider host range than SPFMV (7).
Although SPMMYV is structurally similar to SPFMYV, it differs
in many other characteristics. SPMMYV is reportedly transmitted
by Bemisia tabaci, has been mechanically transmitted to 45 plant
species representing 14 families, and is known to occur only in
East Africa (17). SPMMYV is considered by some (e.g., 17,31)
to be synonymous with sweetpotato virus B (34). A proposal
to classify SPMMYV in the monotypic genus Ipomovirus of the
Potyviridae has been forwarded to the Plant Virus Subcommittee
of the International Committee on Taxonomy of Viruses (4).

Previous studies (e.g., 7,17) using virus-specific polyclonal anti-
sera have not revealed any serological relationships among these
viruses or with any other potyviruses. SPFMV, SPLV, and
SPMMYV are of interest not only because of their importance
to sweetpotato production, but because they provide an additional
opportunity to compare serological relationships between nonaphid-
transmitted potyviruses and the more numerous and thoroughly
investigated aphid-transmitted potyviruses,

Polyclonal antiserum to the trypsin-resistant core of the capsid
protein from Johnson grass mosaic virus revealed the possibility
of epitopes common to the whitefly-transmitted SPMMYV, the
mite-transmitted wheat streak mosaic virus, and aphid-trans-
mitted potyviruses (35). This contrasts with a study in which the
monoclonal antibody (MAb) PTY 1, specific for aphid-
transmitted potyviruses (22), reacts with SPFMV and SPLV but
not with SPMMYV,

Our goal in this research was to define the serological relation-
ships among these three atypical potyviruses. A relatively large
number of MAbs with differing cross-reactivities to aphid-
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transmitted potyviruses was used in enzyme-linked immuno-
sorbent assay (ELISA) and Western blot analysis of the three
viruses as well as in homologous and heterologous combinations
of virus and polyclonal antiserum.

MATERIALS AND METHODS

Viruses. Two serologically distinct strains of SPFMV (5,30)
and a single isolate each of SPLV (7) and SPMMV (17) were
used in this study. SPFMV-C and SPFMV-RC were obtained
from naturally infected sweetpotato in North Carolina and were
separated by single aphid transfers (23); both were propagated
in Ipomoea nil ‘Scarlet O’Hara’. These isolates of SPFMV do
not infect Nicotiana spp. (29). SPLV originated in Taiwan, and
SPMMYV was from Kenya. The isolates of SPLV and SPMMV
were provided by A. A. Brunt (AFRC Institute of Horticultural
Research, Littlehampton, England). SPLV and SPMMV were
propagated in N. benthamiana and N. tabacum ‘NC 95,
respectively, under USDA-APHIS PPQ permit 59048. SPFMV
was purified by the method of Cali and Moyer (5). SPLV and
SPMMYV were purified by a method previously used for other
potyviruses (10). Polyclonal antiserum to each virus was produced
in New Zealand white rabbits immunized with preparations of
native virions emulsified in Freund’s complete adjuvant as
described previously (5).

Previously described isolates (13,22) of SPFMV (Ibadan isolate,
SPV-I), potato virus Y (PVY-3), and bean yellow mosaic virus
(BYMV-GDD), with known reactions with the MAbs for aphid-
transmitted potyviruses (22), were used as internal controls for
ELISA assays with MAbs.

Serological analysis. Polyclonal antisera were cross-absorbed
with partially purified extracts from healthy plants of the species
used for virus propagation, and the IgG fraction was purified
by protein-A affinity chromatography as previously described
(10). The purified IgG fraction from each viral antiserum was
titrated on Western blots to yield bands of similar intensity for
each of the respective homologous reactions. At least two blots
were probed with each of the standardized antisera.

The aphid-transmitted potyvirus-reactive MAbs PTY 1-43 have
been described; MAbs PTY 1-5 and 8-10 have differential spectra
of cross-reactivity with diverse potyviruses (22). MAb TBV
27C2H2 was raised against tulip breaking virus and also cross-
reacts with a number of distinct potyviruses (14,18,19). MAb FMV
TH8 was prepared against an admixture of SPFMV-C and
Nigerian isolate SPV-1 of SPFMYV and reacts strongly with SPV-
I but weakly with SPFMV-C (J. Hammond, H. T. Hsu, and
G. Thottappilly, unpublished). Tissue culture supernatant fluids
of the PTY MAbs were diluted 1:10 for ELISA as previously
described (22); TBV 27C2H2 and FMV 7HS8 ascitic fluids were
diluted 1:4,000 and 1:5,000, respectively. For Western blots, ascitic
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fluids containing PTY 1 (1:25,000) or culture supernatant fluids
of PTY 1, 2, 4, or 8 were diluted 1:15. TBV 27C2H2 and FMV
THS ascitic fluids were diluted as for ELISA. Polyclonal antisera
to each of the viruses were used as positive controls in each of
the ELISA experiments.

The double antibody sandwich (DAS) ELISA was performed
as previously described (9). We conducted assays, designed to
quantitatively compare serological relatedness, by titrating
SPFMV-C and SPFMV-RC antisera against their respective
viruses to determine the appropriate antiserum dilutions that
would result in similar responses for homologous reactions. A
range of standardized antiserum dilutions for each virus, which
would result in ELISA A5, values extending to those observed
in negative controls, was identified. The shapes of the dose
response curves for both virus-antiserum combinations were
similar. The range of Aggs,y, values for each combination of virus
and antiserum was used to calculate the dilution at which 50%
of the signal was lost, which is essentially the midpoint of the
linear portion of the dose response curve. Calculations were per-
formed by probit analysis (SAS computer program, SAS Institute,
Cary, NC).

Indirect ELISA analyses were conducted on plates coated with
sap extracts from healthy and virus-infected plants as previously
described (22). The Western analysis protocol of Gray et al (10)
was used for polyclonal antisera and similarly for MAbs, except
that alkaline phosphatase was used in the detection system, as
previously described (11). Highly purified samples of SPFMV-
C,SPFMV-RC, and SPLV were obtained. The SPMMYV prepara-
tion contained other, presumably host-derived, bands and was
used at maximum concentration, which was less than that attain-
able for the other viruses. Virus sample concentrations were
standardized by adjusting aliquots of purified virus to give a
similar intensity of silver-stained capsid protein bands on
polyacrylamide gels. A single, standardized preparation of each
virus was used to prepare multiple replicas of blots onto nitrocel-
lulose membranes (Schleicher & Schuell, Keene, NH).

RESULTS

Serological relationships among SPFMYV, SPLV, and SPMMYV,
Serological analyses by DAS-ELISA and immunobinding assays
(i.e., native virus and antisera specific for each virus) revealed
no cross-reactivity between viruses (data not shown). Heterolog-
ous and homologous DAS-ELISA assays at nonlimiting dilutions
of antisera did not distinguish between SPFMV-C and SPFMV-
RCin any combination of coating and conjugated antibody. When
the assays were conducted over a range of antiserum dilutions
beginning with standardized homologous reactions, the distinct
serological nature of the two strains was revealed. The calculated
antiserum dilutions, at which the intensity of the DAS-ELISA

3 4 12 8 4

Fig. 1. Total protein stain and Western blots (10) of the virus preparations with virus-specific polyclonal antisera. Virus sample concentrations
were adjusted to yield capsid protein bands of similar intensity in silver-stained gels (E). Purified IgG fractions were previously titrated to give
bands of similar intensity for the homologous antigen. A, SPFMV-C antiserum; B, SPFMV-RC antiserum; C, SPLV antiserum; D, SPMMYV antiserum;
and E, silver-stained total protein. The lanes in each panel are 1, SPFMV-C; 2, SPFMV-RC; 3, SPLV; and 4, SPMMYV.
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reaction was at the 50th percentile, were 1:791 and 1:699 for react with multiple distinct potyviruses (21,22) reacted with either
the SPFMV-C and SPFMV-RC homologous reactions, respec- SPFMV-C and SPFMV-RC and/or SPLV. None of these MAbs
tively. These reactions were in contrast to the calculated dilutions clearly distinguished between SPFMV-C and SPFMV-RC (Table
for the heterologous mixtures, 1:163 for the SPFMV-C/SPFMYV- 1). Mab TBV 27C2H2 reacted strongly only with SPLV, and
RC antisera combinations and 1:88 for SPFMV-C/SPFMV-RC MAb FMV 7HS reacted reliably only with SPFMV-RC. None

antisera combinations, required for the same response. of the MAbs had a significant reaction with SPMMYV (Table
Polyclonal antisera to the four virus isolates were also used 1). A positive reaction with SPMMYV polyclonal antiserum (0.4
to probe electrophoretically separated, denatured capsid proteins OD at 405 nm after 45 min of substrate incubation, compared
on nitrocellulose membranes (Fig. 1). Homologous and heterolog- to 0.04 OD for the healthy control) confirmed the presence of
ous reactions between the strains of SPFMV (Fig. 1A,B) were serologically reactive antigen in the sap extract tested.
consistent with differences observed in the DAS-ELISA. Slight, The four PTY MAbs with the strongest reactions to one or
but consistent differences were observed in the intensity of the more virus isolates in indirect ELISA (PTY 1, 2, 4, and 8; Table
full-length capsid protein bands as well as in the faster migrating 1) and MAbs TBV 27C2H2 and FMV 7H8 were tested on Western
bands between the homologous and heterologous reactions of blots. In general, the results matched those of the ELISA, except
the two SPFMYV strains (Fig. 1A,B; lanes 1,2). The SPFMV- that the Western blots revealed some reactions not readily observ-
C antiserum did not react with either SPLV or SPMMYV (Fig. able by indirect ELISA. None of the MAbs produced a significant
1A). The SPFMV-RC antiserum produced a weak reaction with reaction against SPMMYV. A minor reaction (to a band migrating

SPLV and no detectable reaction with SPMMV (Fig. 1B). In slower than the major coat protein band) was observed with MAb
reciprocal tests (Fig. 1C), SPLV antiserum weakly detected capsid FMV 7H8 (Fig. 2B) and with MAb PTY | on two replicates
protein from both strains of SPFMV. SPLV antiserum did not probed with ascitic fluid (Fig. 2G). This reaction was not observed
detect SPMMYV, whereas SPMMYV antiserum only reacted with on two replicates with PTY 1 tissue culture supernatant fluid
the SPMMYV capsid protein. (Fig. 2F) and was not considered significant, because the colora-

Reactions of SPFMV, SPLV, and SPMMYV with MAbs for tion was faint and pinkish unlike the purple-blue of the other
aphid-transmitted potyviruses. In the indirect ELISA assay on bands. Intense reactions with both isolates of SPFMV and SPLV
sap samples, eight of 13 PTY MAbs previously shown to cross- were obtained with MAbs PTY 1, 4, and TBV 27C2H2. MAb

TABLE 1. Use of monoclonal antibodies reactive with various aphid-transmitted potyviruses in indirect antigen-coated plate enzyme-linked
immunosorbent assay differentiation of sweetpotato feathery mottle virus (SPFMYV), sweetpotato latent virus (SPLV), sweetpotato mild mottle virus
(SPMMYV), potato virus Y (PVY-3), and bean yellow mosaic virus (BYMV-GDD)

Tissue culture supernatants” Ascitic fluids®

Virus" PTY | PTY 2 PTY 3 PTY 4 PTY 8 PTY 10 PTY 43 PTY 1 FMV 7THS8 TBV 27C2H2
SPV-I PV ot ++ + + - - —~ e bt F
SPFMV-C sap + (+) = — - — = + ND (+)
SPFMV-C lyo it + ) v - - - 4t + +
SPFMV-RC sap ++ + - + = — — ++ ND (+)
SPFMV-RC lyo ot ot + +o - = = +t b +
SPLV sap et - - HH+ + - ot ND b
SPLV lyo et - ~ il — - - ot - det
SPMMYV sap = - - — - = = = = =
PVY-3 sap R + - o + i - et - -
BYMV-GDD sap +++ + + ++ + — +4+4 +4+ i o,

“Sap extracts (1:100 dilution) and extracts of lyophilized leaf (0.05 g ground in 1.2 ml of coating buffer plus 2% polyvinyl pyrrolidone; | ml of
cheesecloth filtered extract diluted to 10 ml with coating buffer) were used to coat plates. SPFMV-SPV-1 was purified virus diluted to 2 ng/
ml in carbonate coating buffer; SPFMV-C and -RC were in Ipomoea nil, SPLV and BYMV-GDD in Nicotiana benthamiana, SPMMV in N.
tabacum NC 95, and PVY-3 in potato. One hundred microliters per well of sample and reagents was used to perform antigen-coated plate ELISA
as described (22).

— = <2X Healthy control; (+) = <0.2 OD,s and >2X healthy control; + = 0.2-0.6; ++ = 0.6-1.2; +++ = >1.2. Values are ODys,; ND
= not done.

“The difference between sap and lyophilized tissue suggests that the epitope is affected by lyophilization.
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Fig. 2. Western blots developed with monoclonal antibodies (MAbs) as described (10), except that the substrate used was a mix of Nitro Blue
Tetrazolium and bromochloroindolyl phosphate (11). Virus sample concentrations were adjusted to yield capsid protein bands of similar intensity
on silver-stained gels (see Fig. 1E). The lanes in each panel are as follows. 1, SPFMV-C; 2, SPFMV-RC; 3, SPLV; 4, SPMMYV,; and M, prestained
molecular weight standards. The MAbs used to develop each blot were A, TBV 27C2H2 (ascitic fluid, 1:4,000); B, FMV 7HS (ascitic fluid, 1:5,000);
C, PTY 8 (culture supernatant [cs], 1:15); D, PTY 4 (cs, 1:15); E, PTY 2 (es, 1:15); F, PTY | (cs, 1:15); and G, PTY | (ascitic fluid, 1:25,000).
The bands marked with an asterisk (*) in lanes B4 and G4 were pinkish rather than purple-blue and were interpreted as nonspecific artifacts due
to the ascitic fluid. No such band was observed in F4 with PTY | culture supernatant, although the other bands were of equal or greater intensity
in F compared to G.
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PTY 2 had a strong reaction to the SPFMYV isolates and a weaker
reaction to SPLV. PTY 8 reacted more strongly to SPLV than
to SPFMV. FMV 7HS reacted strongly only with the major band
of SPFMV-RC, weakly with the major band of SPFMV-C, and
not with SPLV (Fig. 2).

DISCUSSION

No relationship between isolates of SPFMV and SPLV was
reported when polyclonal antisera was used in DAS-ELISA (7,31).
Such results were confirmed in this study. However, Western
blots with virus-specific polyclonal antisera revealed a reciprocal
relationship between SPFMV and SPLV, and several MAbs
reacted with both SPFMV and SPLV in indirect ELISA (Table
I) and on Western blots (Figs. 1,2). The more sensitive Western
blot analyses revealed clear relationships, whereas only weak or
insignificant reactions were obtained in indirect ELISA with some
of the MAbs (Table 1; Fig. 2).

SPLV has an epitope (recognized by MAb PTY 1) common
to almost all of the aphid-transmitted potyviruses tested, including
SPFMYV (21,22; R. L. Jordan and J. Hammond, unpublished).
PTY 1 has no apparent reaction with nerine virus Y, nerine yellow
stripe virus, or a potyvirus from Gloriosa (24), or with some
isolates of peanut mottle virus (25) and papaya ringspot virus
type W (3); PTY 1 reacts with other isolates of these latter two
viruses (3; R. L. Jordan and J. Hammond, unpublished). Other
epitopes are shared by SPLV and SPFMV with such diverse
potyviruses as bean yellow mosaic virus (BY MV), iris mild mosaic
virus, potato virus Y, and maize dwarf mosaic virus B (reactions
with MAbs PTY 1, 2, 4, and 8), tobacco etch (TEV) and turnip
mosaic viruses (MAbs PTY 1, 2, and 8), and zucchini yellow
mosaic virus (MAbs PTY 1 and 4) as well as others (21,22).

In contrast, MAb FMV 7HS (selected against a Nigerian isolate
of SPFMYV) reacted strongly only to SPFMV-RC, weakly to
SPFMV-C, and did not detect SPLV or SPMMYV. In prior tests
(J. Hammond, H. T. Hsu, and G. Thottappilly, unpublished),
FMV 7HS8 reacted strongly to some isolates of SPFMV from
different parts of the world and weakly or not at all to other
SPFMV isolates that gave clear reactions with polyclonal SPFMV
antiserum. The reactions obtained with MAb FMV 7H8 were
primarily to the major coat protein band, with little, if any,
reaction to the degradation products. Dougherty et al (8) and
Shukla et al (36) have demonstrated that most of the virus-specific
epitopes of potyviruses are surface-located in the amino-terminal
portion of the coat protein, which is easily cleaved from the virion
by trypsin (16) or during storage (15,27). Dougherty et al (8)
showed that an MADb with strain specificity for TEV was reactive
with an exterior, trypsin-cleavable portion of the coat protein,
presumably the N-terminal domain. Previously, we showed that
an MADb reactive with a single isolate of BYMV reacts with a
surface-located epitope (22) in the N-terminal portion (12,20).
It is, therefore, highly likely that the virus and strain specificity
of MAb FMV 7HS is due to the location of an epitope in the
N-terminal domain of SPV-I, SPFMV-RC, and other isolates
with which the MAb reacts, and that this epitope is altered in
SPFMV-C and other weakly or nonreactive SPFMV isolates.
The location of the epitope is consistent with the band pattern
observed (Fig. 2B).

We observed no significant heterologous activity of either
polyclonal antisera or MAbs against SPMMYV, which contrasts
to the report by Shukla et al (35). Minor color development with
a higher MW band in the SPMMYV lane with MAbs FMV 7H8
and PTY 1 ascitic fluids was not considered significant, and no
color development was observed in the region of the major
SPMM V-specific band. The minor reaction with the higher MW
band in these cases might have been due to nonspecific reactions
of the ascitic fluid, because it occurred only with ascitic fluid
and not with tissue culture supernatant of PTY 1, or to a direct
activity of the band itself on the substrate. As noted above, the
reaction was pinkish rather than purple-blue. Figure 1b of Shukla
et al (35) shows an apparent dimer with an obvious reaction,
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but essentially an absence of reaction at the predicted position
of the major coat protein band, except outside the lane. In contrast,
there is an obvious reaction in the wheat streak mosaic virus
lane of the same figure, which may represent a true cross-reaction.
The absence of a clear reaction with the SPMMYV capsid protein
monomer in their experiments precludes definitive conclusions
but suggests that the reaction they observed may also have been
nonspecific. The absence of a cross-reaction in our experiments
with polyclonal antisera also points to a lack of significant sero-
logical reaction between SPFMV or SPLV and SPMMYV. As
in the work of Shukla et al (35), we used polyclonal antisera
to probe virus preparations on Western blots. The SPFMV and
SPLV antisera contained antibodies reactive with dissociated sub-
units and the trypsin-resistant core of the coat protein as shown
by the reactions with degradation products that migrated faster
than full-length coat protein (Fig. 1A,B,C; lanes 2,3). Such
antibodies potentially react to conserved linear epitopes in the
trypsin-resistant core; Shukla et al (35) propose these epitopes
as the basis for the broad cross-reactivity of their polyclonal
antiserum. The presence of serologically reactive SPMMYV in the
sap extracts used for indirect ELISA with the MAbs was con-
firmed by the reaction with polyclonal SPMMYV antiserum in
the same assay system. The presence of SPMMYV antigen on the
Western blots was also confirmed with the polyclonal antiserum
(Fig. 1D).

MADbs, cross-reactive with nine separate epitopes present on
distinct subsets of aphid-transmitted potyviruses (14,18,19,21,22),
have been used to demonstrate the presence of epitopes common
to SPFMV and SPLV as well as other potyviruses and to distin-
guish SPFMYV isolates from SPLV. None of the PTY MAbs or
MAb TBV 27C2H2 discriminated between SPFMV-C and
SPFMV-RC, whereas MAb FMV 7HS8 reacted strongly with
SPFMV-RC, very poorly with SPFMV-C, and differentially with
other isolates of SPFMV (data not shown). No correlation has
been recognized between FMV 7HS8 reactivity and biological
properties or geographical origin of SPFMV isolates. Other
research (J. W. Moyer, unpublished), in which isolates of SPFMV
from throughout the world have been examined, indicates that
RC is the predominant serotype. None of the 10 distinct epitopes
recognized by these MAbs was found to be present on SPMMYV,
and no evidence was obtained from reactions with polyclonal
antisera to suggest any relationship between SPMMV and either
SPFMYV or SPLYV.

One of the biological differences between SPFMV and SPLV
isolates is that SPLV has no known aerial vector, whereas SPFMV
is readily transmitted by several species of aphids (e.g., 7). Isolates
of several other normally aphid-transmissible potyviruses that
have lost aphid transmissibility, including isolates of BYMV (38),
TEV (37), plum pox virus (26), and tobacco vein mottling virus
(2) have been reported. It is conceivable that SPLV could be
anonaphid-transmissible, serologically distinct isolate of SPFMV.
Because sweetpotato is vegetatively propagated and the lack of
obvious symptoms (7) acts against rogueing of SPLV-infected
plants, SPLV could have been perpetuated without vectored
transmission. However, SPLV is a distinct potyvirus as is indicated
by the clear differentiation of SPLV and SPFMYV isolates with
polyclonal antisera and the differential reactions of some MAbs.
Sequence analysis of the SPLV capsid protein gene is currently
underway and should clarify this relationship.

In this report, we examined the relationships of SPFMV, SPLV,
and SPMMYV to each other as well as to other potyviruses and
conclude that they are three distinct and atypical potyviruses.
SPFMYV and SPLV appear to be more closely related to typical
aphid-transmitted members of the potyvirus group. Our results
can be used to begin resolving the synonymy that has plagued
the identification of filamentous viruses that infect sweetpotatoes.
This approach can also be applied to the other filamentous viruses
of sweetpotato (e.g., sweetpotato vein mosaic virus [32] and sweet
potato yellow dwarf virus [7]) to determine if they are distinct
viruses or related to the three better characterized viruses exam-
ined here. In addition to the inherent taxonomic value, clarifi-



cation of relationships and establishment of definitive methods
of identification will improve quarantine guidelines and facilitate
the international movement of germ plasm of this important crop.

LITERATURE CITED

- Abad, J., and Moyer, J. W. Comparison of capsid protein cistron

from serologically distinct strains of sweetpotato feathery mottle virus
(SPFMV). Arch. Virol.: In press.

- Atreya, C. D., Raccah, B., and Pirone, T. P. 1990. A point mutation

in the coat protein abolishes aphid transmissibility of a potyvirus.
Virology 178:161-165.

- Baker, C. A., Lecog, H., and Purcifull, D. E. 1991. Serological and

biological variability among papaya ringspot virus type-W isolates
in Florida. Phytopathology 81:722-728.

- Barnett, O. W. 1991. Potyviridae, a proposed family of plant viruses.

Arch. Virol. 118:139-141.

. Cali, B. B., and Moyer, J. W. 1981. Purification, serology, and particle

morphology of two russet crack strains of sweet potato feathery mottle
virus. Phytopathology 71:302-305.

. Campbell, R. N., Hall, D. H., and Mielinis, N. M. 1974, Etiology

of sweet potato russet crack disease. Phytopathology 64:210-218.

. Chung, M. L., Hsu, Y. H., Chen, M. J., and Chiu, R. J. 1986. Virus

diseases of sweetpotato in Taiwan, Pages 84-90 in: Plant Virus Diseases
of Horticultural Crops in the Tropics and Subtropics. FFTC Book
Series 33, Food and Fertilizer Technology Center for the Asian and
Pacific Region, Taipei, Taiwan, Republic of China.

. Dougherty, W. G., Willis, L., and Johnston, R. E. 1985. Topographical

analysis of tobacco etch virus capsid protein epitopes. Virology 144:66-
72.

- Esbenshade, P. R., and Moyer, J. W. 1982, Indexing system for sweet

potato feathery mottle virus in sweet potato using enzyme-linked
immunosorbent assay. Plant Dis. 66:911-913.

. Gray, S. M., Moyer, J. W., and Kennedy, G. G. 1988. Resistance

in Cucumis melo to watermelon mosaic virus 2 is correlated with
reduced virus movement within leaves. Phytopathology 78:1043-1047.

. Hammond, J., and Jordan, R. L. 1990. Dot blots and colony screening.

Pages 237-248 in: Serological Methods for Detection and Identifi-
cation of Viral and Bacterial Plant Pathogens: A Laboratory Manual.
R. Hampton, E. Ball, and S. De Boer, eds. The American Phyto-
pathological Society, St. Paul, MN.

. Hammond, J., Jordan, R. L., and Kamo, K. K. 1990. Use of chimeric

coat protein constructs and deletion mutants to examine potyvirus
structure and coat protein mediated resistance. (Abstr) Phyto-
pathology 80:1018.

. Hammond, J., and Lawson, R. H. 1988. An improved purification

procedure for preparing potyviruses and cytoplasmic inclusions from
the same tissue. J. Virol. Meth. 20:203-217.

. Hammond, J., Lawson, R. H., and Hsu, H. T. 1985. Use of a mono-

clonal antibody reactive with several potyviruses for detection and
identification in combination with virus-specific antisera. (Abstr.)
Phytopathology 75:1363.

- Hiebert, E., and McDonald, J. G. 1976. Capsid protein heterogeneity

in turnip mosaic virus. Virology 70:144-150.

. Hiebert, E., Tremaine, J. H., and Ronald, W. P. 1984. The effect

of limited proteolysis on the amino acid composition of five poty-
viruses and on the serological reaction and peptide map of the tobacco
etch virus capsid protein. Phytopathology 74:411-416,

. Hollings, M., Stone, O., and Bock, K. R. 1976. Purification and

properties of sweetpotato mild mottle, a white-fly borne virus from
sweetpotato (Ipomoea batatas) in East Africa. Ann. Appl. Biol.
82:511-528.

. Hsu, H. T, Franssen, J. M., Hammond, J., Derks, A. F. L. M.,

and Lawson, R. H. 1986. Some properties of mouse monoclonal

20.

21.

22

23.

24,

25.

26.

27,

28,
29.

30.

31

32,

33

34.

35.

36.

37.
38.

antibodies produced to tulip breaking virus. (Abstr.) Phytopathology
76:1132.

. Hsu, H. T., Franssen, J. M., van der Hulst, C. T. C., Derks, A.

F. L. M., and Lawson, R. H. 1988. Factors affecting selection of
epitope specificity of monoclonal antibodies to tulip breaking poty-
virus. Phytopathology 78:1337-1340.

Jordan, R. L. 1989. Mapping of potyvirus-specific and group-common
antigenic determinants with monoclonal antibodies by western-blot
analysis and coat protein amino acid sequence comparisons. (Abstr.)
Phytopathology 79:1157.

Jordan, R., and Hammond, J. 1990, Detection and differentiation
of potyviruses using virus-specific and broad-spectrum monoclonal
antibodies. (Abstr.) Phytopathology 80:1033,

Jordan, R., and Hammond, J. 1991. Comparison and differentiation
of potyvirus isolates and identification of strain-, virus-, subgroup-
specific and potyvirus group-common epitopes using monoclonal
antibodies. J. Gen. Virol, 72:25-36.

Kennedy, G. G., and Moyer, J. W. 1982. Aphid transmission and
separation of two strains of sweet potato feathery mottle virus from
sweet potato. J. Econ. Entomol. 75:130-133.

Langeveld, S. A., Dore, J.-M., Memelink, J., Derks, A. F. L. M.,
van der Vlugt, C. I. M., Asjes, C. J., and Bol, J. 1991 Identification
of potyviruses using the polymerase chain reaction with degenerate
primers. J. Gen. Virol. 72:1531-1541.

Li, R. H,, Zettler, F. W., Elliott, M. S., Petersen, M. A., Still, P.
E., Baker, C. A, and Mink, G. 1. 1991. A strain of peanut mottle
virus seedborne in bambarra groundnut. Plant Dis. 75:130-133,
Maiss, E., Breyel, E., Brisske, A., and Casper, R. 1988. Molecular
cloning of DNA complementary to the RNA-genome of plum pox
virus (PPV). J. Phytopathol. 122:222-23].

Moghal, S. M., and Francki, R. I. B. 1976. Towards a system for
the identification and classification of potyviruses. I. Serology and
amino acid composition of six distinct viruses. Virology 73:350-362.
Moyer, J. W., and Cali, B. B. 1985. Properties of sweetpotato feathery
mottle virus RNA and capsid protein. J. Gen, Virol. 66:1185-1189,
Moyer, J. W., Cali, B. B., Kennedy, G. G., and Abou-Ghadir, M.
F. 1980. Identification of two sweet potato feathery mottle virus strains
in North Carolina. Plant Dis. 64:762-764.

Moyer, J. W., and Kennedy, G. G. 1978, Purification and properties
of sweet potato feathery mottle virus. Phytopathology 68:998-1004.
Moyer, J. W., and Salazar, L. F. 1989. Viruses and viruslike diseases
of sweet potato. Plant Dis, 73:451-455,

Nome, S. F. 1973. Sweetpotato vein mosaic in Argentina. Phyto-
pathol. Z. 77:44-54.

Nome, S. F., Shalla, T. A., and Petersen, L. J. 1974, Comparison
of virus particles and intracellular inclusions associated with vein
mosaic feathery mottle and russet crack diseases of sweetpotato.
Phytopathol. Z. 79:169-178.

Sheffield, F. M. L. 1957. Virus disease of sweetpotato in East Africa,
I. Identification of the viruses and their insect vectors. Phytopathology
47:582-590.

Shukla, D. D., Ford, R. E., Tosic, M., Jilka, J., and Ward, C. W,
1989. Possible members of the potyvirus group transmitted by mites
or whiteflies share epitopes with aphid-transmitted definitive members
of the group. Arch. Virol. 105:153-151.

Shukla, D. D., Strike, P. M., Tracy, S. L., Gough, K. H., and Ward,
C. W. 1988. The N and C termini of the coat proteins of potyviruses
are surface located and the N terminus contains the major virus-
specific epitopes. J. Gen. Virol. 69:1497-1508.

Simons, J. N. 1976. Aphid transmission of a nonaphid-transmissible
strain of tobacco etch virus. Phytopathology 66:652-654.

Swenson, K. G., Sohi, S. S., and Welton, R. E. 1964. Loss of trans-
missibility by aphids of bean yellow mosaic virus. Ann. Entomol,
Soc. Am. 57:378-382.

Vol. 82, No. 6, 1992 717



