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Three soilborne viruses transmitted by Polymyxa betae KESKIN in sugar beet have been described: Beet
necrotic yellow vein virus (BNYVV), the agent of rhizomania, Beet soilborne virus (BSBV), and Beet virus Q (BVQ).
A multiplex reverse transcription-PCR technique was developed to simultaneously detect BNYVV, BSBV, and
BVQ, together with their vector, P. betae. The detection threshold of the test was up to 128 times greater than
that of an enzyme-linked immunosorbent assay. Systematic association of BNYVV with one or two different
pomoviruses was observed. BVQ was detected in samples from Belgium, Bulgaria, France, Germany, Hungary,
Italy, Sweden, and The Netherlands but not in samples from Turkey.

Of the viral diseases of sugar beet, rhizomania is a major
concern. Discovered 30 years ago in Italy (6), it now has a
worldwide distribution (1, 37). The disease affects the sugar
yield by diminishing the root weight and decreasing the sugar
content of the sugar beet (1). The agent of rhizomania is the
benyvirus Beet necrotic yellow vein virus (BNYVV) (32). It is
transmitted to the plant by its vector, Polymyxa betae KESKIN.
P. betae’s resting spores, also called sporosori, can protect
BNYVV in soil for more than 10 years, even without sugar
beet being grown (1).

In the 1980s, another soilborne virus, Beet soilborne virus
(BSBV), was found in sugar beet. First detected in the United
Kingdom, BSBV was then reported in The Netherlands (14),
Belgium, (38), the United States (J. E. Duffus, Abstr. 5th Int.
Congr. Phytopathol., p. 452, 1988), Sweden, Germany (23),
and France (24). Lesemann et al. (23) described two serotypes
for BSBV, namely, the Ahlum and Wierthe serotypes. Recent
data revealed that serotype Wierthe should be considered a
distinct virus species named Beet virus Q (BVQ) (20). These
two pomoviruses are also transmitted by P. betae (31). Al-
though their contribution to rhizomania remains a matter of
debate (12, 24, 31), it is not uncommon to find them associated
with rhizomania-infested fields. Moreover, the occurrence of
three different viruses, transmitted by a similar vector, within a
single sugar beet raises questions regarding the epidemiology
of rhizomania syndrome.

There is, therefore, a real need for a sensitive and specific
technique for the detection of BNYVV, BSBV, BVQ, and
their vector, P. betae. In recent years, reverse transcription
(RT)-PCR, along with enzyme-linked immunosorbent assay
(ELISA), has progressively become the prominent technique
for the detection of BNYVV (15, 26). Multiplex RT (mRT)-

PCR for the simultaneous detection of different viral targets
has already been proposed for seed-borne legume viruses (2)
and tree viruses (3, 34, 35). It has already been applied with
success to the detection of poleroviruses infecting sugar beet
(11) as well as soilborne viruses of potato (27) and cereals (10).
This article describes an mRT-PCR for the simultaneous de-
tection of BNYVV, BSBV, BVQ, and P. betae. Beet soilborne
mosaic virus, another virus transmitted to sugar beet by P.
betae, was not included in the analysis since this virus has been
detected only in the United States to date (33).

Sampling, RNA extraction, primer design, and RT-PCR.
Sugar beets and soils were collected in different regions of
Belgium, Bulgaria, Turkey, Hungary, The Netherlands, Italy,
Germany, Sweden, and France based on rhizomania symptoms
as described by Meunier et al. (25). Sugar beet seeds (Beta
vulgaris cultivar cadyx) were planted in infected soil that was
diluted 1/5 (vol/vol) with sterile quartz (diameter, 1 to 2 mm)
and irrigated with Hoagland nutritive solution (36). After 6
weeks, 100 mg of rootlet tissue was used for total RNA or
protein extraction. RNA extraction was performed with the
RNeasy extraction kit (QIAGEN, Hilden, Germany) according
to the kit protocol. In order to simplify the method and reduce
the cost, direct use of ELISA extracts was checked as a tem-
plate for mRT-PCR. One hundred milligrams of sugar beet
rootlets was ground in 750 �l of ELISA extraction buffer
(phosphate-buffered saline, 1% polyvinylpyrrolidone, 0.05%
Tween, �1 g of NaN3/liter). The supernatant was used imme-
diately for RT-PCR. A comparison of the extracts of different
samples with RNeasy extracts showed that the direct use of
ELISA extracts is feasible. Nevertheless, the storage of sam-
ples at �20°C, even for a short time, leads to nonreproducible
results.

The primers used in RT-PCR and mRT-PCR were designed
by using the PRIME program of the Genetics Computer
Group (8). Primer-primer interactions were analyzed by using
the GAP program (8), and specificity was checked with BLAST
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(29). Specifications for computer programs were default values.
The primers selected were named according to the targeted
organisms, followed by either “for” for forward primer or “rev”
for reverse primer, and are listed as follows: BNYVV2(1)for,
ACATTTCTATCCTCCTCCAC; BNYVV2(1)rev, ACCCCA
ACAAACTCTCTAAC; BSBV2for, CTTACGCTGTTCACT
TTTATGCC; BSBV2rev, GTCCGCACTCTTTTCAACTGT
TC; BVQ1(1)for, GCTGGAGTATATCACCGATGAC; BVQ
1(1)rev, AAAATCTCGGATAGCATCCAAC; PB4for, CAA
ACGCCTGAAATCATCTAAC; and PB4rev GATGGCCCA

ATTCCTTACAC. The final concentration of each primer was 20
�M.

An RT reaction using Moloney murine leukemia virus
(MMLV) reverse transcriptase (Promega, Madison, Wis.) and
PCR using Taq polymerase (Promega) were performed as rec-
ommended by the manufacturer except as otherwise stated.
Deoxynucleoside triphosphates (dNTPs) were used at final
concentrations of 20 nmol/20 �l for the RT reaction and 15
nmol/50 �l for the PCR. Primers were used at final concen-
trations of 20 pmol/20 �l for the RT reaction and 20 pmol/50
�l for the PCR. The products were separated on 2.5%
ethidium bromide agarose gels in 1� Tris-borate-EDTA
buffer. The selected primer pairs gave the expected 545-bp
(BNYVV), 399-bp (BSBV), 291-bp (BVQ), and 170-bp (P.
betae) fragments for RT-PCR (Fig. 1). BNYVV primers gave
the amplification profiles for strains of types A, B, and P (Table
1). No expected amplification bands were observed for the
uninfected sugar beet, Chenopodium quinoa, or water controls.

mRT-PCR. The four pairs of primers were combined in the
mRT-PCR. For each RT reaction, 10 pmol of each of the four
reverse primers was mixed with 1.2 �l of RNA and 7.3 �l of
diethyl pyrocarbonate (DEPC)-treated water. The mixture was
incubated at 65°C for 10 min and directly transferred into ice
prior to the addition of 3.25 �l of DEPC-treated water, 2 �l of
dNTPs (10 mM each), 4 �l of MMLV RT 5� buffer (Pro-

FIG. 1. Amplification of the different viruses and P. betae individ-
ually with the corresponding set of primers and combination of primers
for mRT-PCR detection with or without DNase or RNase treatment.
�C, positive control; �C, negative control.

TABLE 1. Detection of BNYVV types A, B, and P and BSBV, BVQ, and P. betaea

Soil originb

Presence of virus or vector determined byc:

mRT-PCR Single RT-PCR

BNYVV BSBV BVQ P. betae BNYVV BSBV BVQ P. betae

Unknown location (Bulgaria) � � � � � � � �
Hognoul (Belgium) � � � � � � � �
Jodoigne (Belgium) � � � � � � � �
Kabba (Hungary) � � � � � � � �
Magdeburg (Germany) � � � � � � � �
Mazy (Belgium) � � � � � � � �
Pecq (Belgium) � � � � � � � �
Pithiviers (France) � � � � � � � �
St. Germain (Belgium) � � � � � � � �
Steernkerke (Belgium) � � � � � � � �
Tompaladony (Hungary) � � � � � � � �
Bovesse (Belgium) � � � � � � � �
Gembloux (Belgium) � � � � � � � �
Kamperland (The Netherlands) � � � � � � � �
Oupeye (Belgium) � � � � � � � �
St. Jean de Losnes (France) � � � � � � � �
Bertinsart (France) � � � � � � � �
Gaytoy (Turkey) � � � � � � � �
Galkara (Turkey) � � � � � � � �
Gevreli (Turkey) � � � � � � � �
Kogaz (Turkey) � � � � � � � �
Lonzee 1 (Belgium) � � � � � � � �
Beclers (Belgium) � � � � � � � �
Lonzee 2 (Belgium) � � � � � � � �
Liguria (Italy) � � � � � � � �
Water � � � � � � � �
Chenopodium quinoa � � � � � � � �
Sugar beet (Beta vulgaris cv. cadyx) � � � � � � � �

a RNA was extracted from sugar beets 6 weeks after growth in soils from eight different countries (Bulgaria, Belgium, Turkey, Hungary, The Netherlands, Italy,
Germany, and France). mRT-PCR and single RT-PCR with the corresponding primers were conducted on those samples.

b Lonzee 1 and 2, two different samples from Lonzee, Belgium.
c �, presence; �, absence.
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mega), and 0.25 �l of MMLV reverse transcriptase (200 U/�l)
(Promega).

For the PCR, 18 pmol of each of the forward and reverse
primers was added to 23.3 �l of DEPC-treated water, 10 �l of
MgCl2 (25 mM) (Promega), 3.5 �l of Taq polymerase 10�
buffer (Promega), 1.5 �l of dNTPs (10 mM each), 0.5 �l of Taq
polymerase (5 U/�l) (Promega), and 4 �l of cDNA. Fresh
dNTPs should be used for maximum efficiency (13). Amplifi-
cation cycles were as follows: a first denaturation for 3 min at
94°C and then 35 cycles of denaturation for 30 s at 94°C,
annealing for 30 s at 63°C, and elongation for 2 min at 72°C. A
final elongation for 7 min at 72°C was added.

Interestingly, the detection of the P. betae repetitive EcoRI-

like fragment (GenBank accession number X83745) directly in
an RNA extract is feasible, thus rendering the detection of P.
betae easier than that by the previously proposed PCR-based
method (28) or the classical ELISA (7) and microscopical
observation of sporosori. We suggest that this EcoRI-like frag-
ment is amplified from mRNA and DNA, as observed from
results of DNase or RNase treatments of RNA extract (Fig. 1).
The different mRT-PCR products were extracted from the
agarose gel and sequenced in both orientations. The fragments
revealed between 99 and 100% similarity when the sequences
obtained were compared with those present in GenBank.

mRT-PCR sensitivity. The sensitivity of mRT-PCR was
compared to that of the double-antibody-sandwich ELISA

FIG. 2. (a) One hundred milligrams of BNYVV-infected rootlets was ground in ELISA grinding buffer (Sanofi Diagnostics Pasteur). The
sample was diluted to 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512, and 1/1,024 and tested according to the kit protocol. OD405 was plotted
against the dilutions. The grey line represents two times the average OD of the negative control. (b) RNA from 100 mg of the same rootlets as
described for panel a was extracted. This RNA was diluted as mentioned for panel a and tested with the mRT-PCR technique. mRT-PCR is at
least 128 times more sensitive than DAS-ELISA in detecting BNYVV.
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(DAS-ELISA). A commercial kit (Sanofi Diagnostics Pasteur,
Marnes-la-Coquette, France) was used for the detection of
BNYVV by DAS-ELISA according to the manufacturer’s pro-
tocol. Rootlets were ground in a mortar and resuspended in
900 �l of grinding buffer supplied with the kit. For the sensi-
tivity test, the suspension was diluted to 1/2, 1/4, 1/8, 1/16, 1/32,
1/64, 1/128, 1/256, 1/512, and 1/1,024. The optical density at 405
nm (OD405) was measured with a Titertek MultiSkan MCC/
340 spectrophotometer. OD405 values more than two times
greater than that of healthy controls were considered positive.
Figure 2 compares OD405 measurements for sample dilutions
with the mRT-PCR results. mRT-PCR proved to be at least
128 times more sensitive than the DAS-ELISA.

Validation of mRT-PCR. The results obtained by RT-PCR
and mRT-PCR to determine the presence of BNYVV types A,
B, and P are summarized in Table 1 for 25 soils from different
origins. Samples received from Bulgaria, France, Hungary,
Germany, Italy, Turkey, Sweden, and The Netherlands were
treated in the same way as described above. Figure 3 illustrates
the different patterns that were observed for 11 different sam-
ples. An interesting point is the systematic association in our
samples of BNYVV with BSBV or of BSBV and BVQ. The
most frequently detected virus was BSBV, followed by BVQ
and then BNYVV. In no case was BVQ found alone. BVQ was
found in Bulgaria, Belgium, France, Germany, Hungary, Italy,
and The Netherlands, but it was not found in Turkey. From an
epidemiological point of view, although the role of BNYVV in
rhizomania syndrome is well established (21, 22), there is con-
troversy regarding the role of P. betae in seedling growth (4)
and in severe stunting of sugar beet (18) and still others reject
the notion that P. betae has any effect on sugar beet growth
(22). The controversy is emphasized by the study of two other
viruses, which were possibly undetected in the P. betae used in
previous studies (17). Our study confirms the ubiquitous pres-
ence of BSBV in sugar beet fields (24, 33). It was present in
more than 80% of the analyzed samples, with a frequency
much higher than that observed for BNYVV. The limited
number of samples tested does not preclude further detection
possibilities on different sugar beet cultivars or on different
species. In all cases, BNYVV occurred with BSBV and often
with BVQ as well. It would be very interesting to check a

possible interaction of pomoviruses with BNYVV, as already
pointed out by Lindsten (24).

mRT-PCR tests have already been proposed to detect plas-
modiophoromycete-transmitted viruses like Potato mop top vi-
rus (27), Soilborne wheat mosaic virus, and Wheat spindle streak
mosaic virus (10). The proposed mRT-PCR technique allows
the simultaneous detection of BNYVV, BSBV, BVQ, and
their vector P. betae. The major advantage of the technique is
this simultaneous detection, allowing insights into benyvirus
and pomovirus epidemiologies and facilitating studies of re-
combination between viruses when the technique is combined
with sequencing. The technique is a new tool for sugar beet
breeders wanting to test their soils for the presence of different
soilborne viruses. Though probably not as sensitive as a nested-
PCR method for BNYVV detection (26), the new technique
gives results that demonstrate that the sensitivity is much
higher than that observed for the BNYVV DAS-ELISA and
highly similar to that of RT-PCR. No RT-PCR technique has
been described for the detection of BSBV and BVQ. Thus, the
stated concentration limits of detectability of ELISA (16, 17,
24) emphasize the need for such a tool. Koenig and Lennefors
(19) have emphasized that the diversity encountered among
beet pomoviruses might be an explanation for the somewhat
conflicting observations in their effects on yield. In the inter-
action of BNYVV with Beet soilborne mosaic virus, a synergy
was shown (33). The recent advance in the field of viral sup-
pressors of posttranscriptional gene silencing shed a new light
on virus interactions among sugar beet and peanut viruses (5,
9, 30), underlining the interest in reexamining the rhizomania
syndrome in light of the simultaneous presence of two or three
different virus species.
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FIG. 3. Profiles obtained by mRT-PCR with 10 samples originating from different cities in Belgium (Be.), The Netherlands, (N.), Hungary
(Hu.), Turkey (T.), France (Fr.), and Germany (Ge.). �C, positive control (Seneffe, Belgium); �C, negative control (RNA extracted from
uninfected sugar beet cv. cadyx).
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