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Rhizomania was first reported in the United States in 1984 in California (1). It has since 
been identified in other sugar beet-producing states including Texas, Colorado, Wyoming, 
Nebraska, Idaho, and Minnesota (7.1 1). The disease is caused by beet necrotic yellow vein virus 
(BNYVV) and is characterized by heavy lateral root pToliferation, overall stunting, and 
constriction of the tap root (8 ). The soilbome virus is transmitted by Polymyxa betae Keskin (2), 
and infection by BNYVV reduces yield both in percent extractable sugar and tonnage. 

Beet soilborne mosaic virus (BSBMV) was fi rst reported in Texas in 1988 (6). BSBMV 
and BNYVV are closely related. BSBMV like BNYVV, is a multiparticula e virus composed of 
rigid, rod-shaped particles and is transmitted by P. betae (4 10). The RNA species and coat 
protein izes of both virus s are similar. Roots of sugar beets infected with BSBMV often 
appear healthy, though beets have been collect d that exhibit typical symptoms of rhizomania 
but t st positi e only for BSBMV. BSBNIV is Dund to systemically infect beets in the fie ld 
more frequently than SNYVV, and foliar symptoms include broad yellow vein banding and 
mottling. To date, stn ies indicate that BSB"NfV causes some loss of yield, but not to the extent 
that BNYVV does. BSBMV has been identifi ed in the same growing areas as BNYVV (7,11 ). 

Since these viruses are similar and are found in the same growing areas, it is important to 
be able to diffi rentiate them by serological testing. BSBMV and BNYVV are serologically 
distinct. However, depending on test conditions and the antiserum used, cross reaction may 
occur (4,10). There have been conflicting results from different labs that conduct BNYVV 
testing on field samples. This study was conducted to compare variation in results among 
different serological assays used to test field beet samples. A second part of the objective was to 
compare ariation in test results when using antiserum developed to whole virus particles or 
denatur d capsid of BNYVV and BSBNlV. 

Materials and Methods 
In 1997, approximately 325 beets were collected from fields in Texas and Minnesota. In 

1998 235 beets were collected from fields in Minnesota Colorado, Nebraska, and Texas. 
Results presented here are for beets collected in 1997. Beets that exhibited root or foliar 
symptoms indicating p ssible infection by BSBMV or BNYVV were selected for the study. 
Twelve replications, 20-30 beets each, were tested. 

Antisera were developed in rabbits to BNYVV and BSBMV whole virus particles or 
denatured capsid. IgG was fractionated from the four antisera (BNYVV -whl. BNYVV -den, 
BSBMV -whl, and BSBMV -den; -whl indicates antiserum developed to whole virus particles, 
and --den indicates antiserum developed to denatured capsid). 

Two ELISAs using these antisera were evaluated. The first, indirect DAS ELISA (which 
v.ril l be referred to as DAS ELISA in the remainder of this paper), plates were coated with IgG, 
samples were probed with a secondary biotin-labeled IgG, and the secondary antibody was 
detected with avidin-conjugated alkaline phosphatase (4). In the second type of ELISA, F(ab')2 
indirect ELISA, plates were coated with F(ab')2 fragments generated from the four antisera, and 
samples were probed with the respective unfractionated antiserum. Protein-A conjugated 
alkaline phosphatase was used to detect the antiserum probe (3) . 
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Samples were also tested by BNYVV ELISA reagents obtained from a commercial 
source (Bioreba Ag) and by Western blot analyses. Reagents obtained from Bioreba Ag were for 
a simple direct DAS ELISA. For Western blots, samples were extracted, denatured, and stored 
frozen until they were tested. Antiserum developed to denatured capsid of BNYVV or BSBMV 
were used to probe samples tested by Western blot (5,9). 

Buffers used in all ELISAs were the same, and plates were incubated under the same 
conditions. Samples for ELISA were ground in extraction buffer at a ratio of 1: 10 ( /v), and 
root samples prepared for Western analyses were extracted at a ratio of 1:3 (w/v). 

To compare tests, Western analyses for BNYVV and BSBMV were chosen as standard 
tests . BNYVV and BSBMV ELISA results were compar d to respective Western results on a 
beet-by-beet basis . If an ELISA result matched that of the same beet tested by Western blot, that 
was considered to be a match. The number of matches for beets tested by one ELISA from a 
replication were counted and converted to a percentage (nwuber of matches divided by the 
number of beets tested) . Data were analyzed to determine if results of any test matched those of 
Western blot analyses more closely than other test results. 

To determine if any test (including Western blot) was consistently detecting the highest 
number of positive samples, tests were ranked by replication in terms of which test detected the 
highest percentage of positive samples . A ranki ng of 1 was assigned to the test or tests that 
detected the highest percentage of positive samples, and rankings of 2, 3, etc. , were assigned to 
tests that detected lower percentages of positive samples respectively, within a replication. 
Tests detecting the sanle percentage of positive samples within a replication were assigned equal 
rankings. 

Results and Discussion 
The percentage of positive samples, by test and replication, are indicated in Table 1. 

Most replications included beets positive for BNYVV and/oT BSBMV. 
Percentage of matching results for BSBMV tests and the range of percent matches for 

each test are in Table 2. Results of beets tested bY' DAS ELISA using BSBMV-whl and 
BSBMV-den antisera matched those of Western blot analyses more closely than results from 
F(ab' )2 ELISA using BSBMV-den antiserum. The range of percent matches was from 15-100 
for all tests . In three F(ab')2 BSBMV-den ELISA replications, fewer than 25 % of the results 
matched those of beets tested by Western blot. In these replications, Western blot analyses and 
the other ELISAs usually indicated that most of the beets were negative fOT BSBMV; this test 
indicated that most of the beets were positive for BSBMV. 

Among BNYVV tests (Table 3), results of DAS ELISA using antiserum developed to 
BNYVV denatured capsid matched those of Western blot analyses significantly less frequentl y 
than results of aU other ELISAs. No differences in percentage of matching results were indicated 
among the other four tests . 

Future analyses of the data will take into consideration how results of ELISA tests varied 
from those of Western blot analyses. In other words, ELISA results not matching W estern 
results will be scored in terms of whether the ELISA result was positive and the Western result 
was negative, or vice versa. 

Rankings of test results for BSBMV and BNYVV are in Tables 4 and 5. Among 
BSBMV tests, DAS ELISA using antiserum developed to whole virus parti les detected the 
highest 
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Table I. Percentage of beet root samples positive for BNYVV or BSBMV. Approximately 20-30 beets per 
replication were tested. 

Test 

DAS Comm.l Western DAS F(ab')2 

T -den I I B -den BNYVV T-den B-den B-whl T-whl B-whl B-den T-whl T-den 

Replication 
I 

EBS 11 64 
f 

86 
~- - 7 86 79 0 79 71 39 93 

WB S 14 34 24 83 100 14 93 l 86 21 69 
TEA 33 57 73 

--
71 

57 
95 

-- 
80 70 30 633 - -

60 33 40 
F 9-26 95 81 48 

c-
86 90 86J 62 95 100 

BMN 17 97 1004 33 83 90 27 
-

974 100 27 7 
F 1 0- IO 81 95 95 76 86 9S 81 33~ 673 52 67 

FHP 10 63 100 20 100 97 10 1004 73 50 33 
N 9-26 55 75 90 30 45 90 45 80" 75 55 50 
EBS 3 7 83 79 3 53 90 20 83 62 59 79 
DFR 57 93 1003,4 17 83 100 27 87-"· 100 70 100 
EAC 37 20 43-,,4 10 0 30 7 O:itl 0 0 0 
SBS 58 25 100' 24 90 LOO 23 893,-1 46 32 71 

I ·T mdlcates BSBM V (TX7), B Il1dlcates BNYVV, -den mdlcates antIserum developed 
to denatured capsid; -wh l indicates antiserum developed to whole virus particles. 
2ELISA reagents obtained from a cOl'nmercial source. 
3BSBMV control tes ted positive. 
4BSBMV-like isolate (RC) tested positive. 

Table 2. Percentage ofBSBMV ELISA results Table 3. Percentage ofBNYVV ELISA results 
matching those of Western blot analyses. h'Il1g those 0 fWestern bl Imatc 	 ot ana yses. 

,~ 

ELISA Antiserum % Match Range2 

DAS -whll 83.8 a 67-95 
I 

DAS -den 75.4 ab I 47-97 
F(ab')2 -whl 70.1 b 

II 
41-100 

f (ab'h -den i 56.0 c 15-95 
I I 

I_whl Il1dlcates antIserum developed to whole 
virus particles ; -den indicates anti serum 
developed to denatured capsid. 

2Range indicates the highest and lowest percent 
match values. 

- ELISA Antiserum % Match I Range3 

Comm.! - 79.0 a 
I 

55-100 
DAS -whe 76.3 a 

I 52-97 
F(ab')2 -whl 74.3 a 

I 
35-100 

F(ab')2 -den 73.3 a 
I 

50-100 

DAS -den 58.1 b I 21-81 
ICommercIally avaIlable BNYVV ELISA reagents. 
2	-whl indicates antiserum developed to whole virus 
particles; -den indicates antiserum developed to 
denatured capsid. 

3Range indicates the highest and lowest percent 
match values. 

percentage of positive samples least often, and F(ab')2 ELISA using antiserum devdoped to 
denatured capsid detected the highest percentage of positive samples most frequently. Among 
BNYVV tests, ELISA using commercial reagents and DAS ELISA using antiserum developed to 
whole virus particles detected the highest number of positive samples more frequently than other 
tests. No differences were indicated in rankings among Western analyses and F(ab')2 and DAS 
ELISAs using antiserum developed to denatured capsid. 
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Table 4. Rankings of test results based on Table 5. Rankings of test results based on 
percentage of beets testing positive for percentage of beets testing positive for 
BSBMV within a field '. BNYVV within a field' 

Assay Antiserum Rank 
I 

F(ab')2 -denL 1.9 a 

F(ab'h -whl 2.4 b 

DAS -den 2.6 b 

Western -den 2.9 c 

DAS -whl 3.4 d 

Assay I Antiserum Rank 
Conun.~ - 1.5 a 

DAS -whlJ 1.6 a 

F(ab')2 -whl 2.6 b 

Western -den 3.2 c 

F(ab')2 -den 3.3 c 

DAS -den 3.3 c I A rankmg of 1 was assigned to the test 

within a replication that detected the 
 'A rankmg of 1 was assigned to the test 
highest percentage of positive samples. within a replication that detected the highest 
Rankings increased numerically as the percentage of positive samples. Rankings 
percentage of positive samples indicated increased numerically as the percentage of 
by a test decreased. positive samples indicated by a test 

2- den indicates antiserum developed to decreased. 
denatured capsid; -whl indicates antiserum 2Commercially available BNYVV ELISA 
developed to whole virus particles. reagents. 

3-whl indicates antiserum developed to 
whole virus particles; -den indicates 
antiserum developed to denatured capsid. 

The weakness in ranking data in this way is that information on how much the values of 
percentage of positive samples detected varied among tests within a replication was not 
indicated. Rankings of 1 and 2 might mean that one test detected 90% positive samples and 
another test detected 60% positive samples. Or rankings of 1 and 2 might mean that one test 
detected 35% positive samples and another test detected 34% positive samples. A way to avoid 
this would be to group percent positive values into dass rankings and assign numerical rankings 
to different classes instead of to individual scores. 

Cross-reaction has been reported previously between BNYVV and BSBMV, depending 
on the test, test conditions, and antiserum used (4,10). BNYVV and BSBMV controls were 
included in all tests used in this study, and, for most tests, controls reacted as expected. 
However, in seven F(ab')2 ELISAs using BNYVV-whl antiserum, one F(ab')2 ELISA using 
BNYVV-den antiserum, and three commercial BNYVV tests, the BSBMV control tested 
positive. In six F(ab')2 ELISAs using BNYVV-whl antiserum and four commercial BNYVV 
tests, an isolate referred to as RC reacted positively. RC typically reacts positively for BSBMV, 
but with a much weaker reaction than a standard BSBMV positive control. Tests which 
indicated cross reactions mentioned above are noted in Table 1. For the most part, cross reaction 
was not observed in control samples. 

Given the potential for cross reaction between BNYVV and BSBMV, it is important to 
include a BSBMV positive control in BNYVV tests and vice versa, particularly when evaluating 
new assays. When testing samples collected in 1998, reagents for BNYVV ELISA were 
obtained from a commercial supprier different from the one used in 1997 tests. At the 
manufacturer's reconunended 1: 100 dilution of BNYVV IgG and alkaline phosphatase-· 
conjugated IgG, there was a strong positive reaction by the BSBMV control. When reagents 
were di [uted to 1 :750, results were similar to those obtained using Bioreba Ag reagents. 

Besides cross reaction, a possible reason for variation in test results observed could be 
differences that can occur among ELISAs in terms of sensitivity and specificity. It has been 
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reported that indirect ELISAs such as F(ab')2 tests, can b more sensitive and less specific than 
direct DAS ELISAs. F(ab' )2 tests can detect a broader range of serologically related viruses (3). 

~'ven though variation in results OCCUlTed most ELISA results were within 70-80% 
agreement of Western results. For speed and ease of handling large numbers of samples, ELISA 
is a suitable test. However samples should be tested in more than one way if results are in 
questi on. 

Use of as ays which incorporate molecular probes specific for BNYVV and BSBMV 
would provid fmther verifi cation of serological results. Northern hybridization and RT-PCR 
would be appropri ate tests. However, RT-PCR would be m re sensitive and better suited to 
detect BNYVV or BSBMV in field beet samples in hich the titer might be low and difficul t to 
detect by Northern hybriclization. 

Literature Cited 
l. 	 Duffus J. E., Whitney. E. D. Larsen, R. C. Liu, H. Y. , and Lewellen, R. T. 1984. First 

report in Western hemisphere of rhizomania of ugar beet caused by beet necrotic yellow 
vein virus. Plant Dis. 68:25 1. 

2. 	 ' uj isawa, 1., and Sugimoto, T. 1976 . . ransmission of beet necrotic yellow vein virus by 
Polymyxa betae . Ann. Ph topathol. Soc. Jpn. 43:583-586. 

3. 	 Hampton, R. , Ball, E., De Boer, S. eds. 1990. Serological Methods for Detection and 
Identifi cation of Viral and Bacterial Plant Pathogens: A Laboratory Manual. APS Press, 
St. Paul Milmesota. 

4. 	 Heidel, G. B. Rush, C. M., Kendall, T. L. , Lommel, S. A. , and French, R. C. 1997. 
Characteristics of beet soilborne mosaic virus, a furo-like virus infecting sugar beet. 
Plant Dis. 8 : 1 070-1076. 

5. 	 Laemmli, U . K. 1970. Cleavage of structu ral proteins during the assembly of the head of 
bacteriophage T4. Nature 227:680-685. 

6. 	 Liu, H. - Y. , and Duffus, J. E. 1988. The occurrence of a complex of viruses associated 
with rhizomania of sugarbeet. Phytopathology 78 : 1583. 

7. 	 Rush, C. M ., and Heidel, G. B. 1995. Furovims cliseases of sugar beets in the United 
States. Plant Dis. 79:868-875. 

8. 	 Tamada, T. , and Baba T. 1973. Beet necrotic yellow vein virus from rhizomania-affected 
sugar beet in Japan. Ann. Phytopathol. Soc. Jpn. 39:325-332. 

9. 	 Towbin, H. , Staehelin, T. and Gordon J. 1979 . ElectrOphoretic transfer of proteins from 
polyacrylanlide gels to nitrocellulose heets: Procedure and some applications. Proc. 
Nat. Acad. Sci. U. S.A. 76:4350-4354. 

10. 	 Wisler G. c., Liu, H. - Y. , and Duffus , J. E. 1994. Beet necrotic yellow vein virus and 
its relationship to eight sugar beet furo-like viruses from the United States. Plant Dis. 
78:995-100l. 

11 . Wisler, O. C., Widner, 1. N., Duffus, J. E., Liu, H. - Y., and Sears, 1. L. 1997. A new 
report of rhizomania and other furoviruses infecting sugar beet in Minnesota. Plant Dis . 
81:229. 

203 



