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NOTE: Comparisonof Antibody- and Genome-Based
DiagnosticTechniquesfor Sugarcanemosaicvirus in

Sugarcane
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Differentantibody-baseddiagnostictechniquessuchasdirectantigencoatingenzymelinked
immunosorbentassay(DAC-ELISA), electroblot immunoassay, immunosorbentelectron
microscopy and dot blot immunoassaywere comparedwith a genome-basedtechnique,
viz., reversetranscriptasepolymerasechain reaction(RT-PCR) against Sugarcanemosaic
virus (SCMV) in differentsugarcanecultivarsexpressingpredominantandlesspredominant
symptomsas well as in asymptomaticones. Polyclonalantiserumraisedagainst SCMV
antigenpuri�ed from sugarcanecv. CoC 671 was used. All of the antibody-basedtests
reactedpositively with plantsshowing predominantfoliar symptoms;however, thesensitivity
was not uniform, with samplesfrom the plantsshowing lesspredominantsymptomsand
in asymptomaticplants. The RT-PCR assaymethodwas more sensitive in detectingthe
virus from plantsof lesspredominantsymptomsalso.Hence,a combineddiagnosticsystem
utilizing antibody-basedtechniquescanbe employed for massscreeningandin quarantine
operationsagainst the virus, but in doubtful casesRT-PCRcanbe employed. Among the
differentsugarcanetissues,SCMV wasdiagnosedin the leaf lamina,bud, leaf sheathand
midrib tissues,but root andpith tissueswerenegative to thevirus in RT-PCRassay. In RT-
PCR,870bpsizecDNA wasampli�ed from infectedsugarcanewith SCMV speci�c primer.
KEY WORDS:Sugarcanemosaicvirus; diagnosis;enzymelinked immunosorbentassay;
electroblot immunoassay;dot blot immunoassay;immunosorbentelectron microscopy;
reversetranscriptasepolymerasechainreaction.

Amongthedifferentsugarcanediseases,mo-
saic diseasecausedby Sugarcanemosaicvirus
(SCMV) occursin many partsof theworld where
susceptiblevarietiesaregrown andcausesyield
loss in sugarcane,sorghum and other poaceous
plants(11). In India sugarcaneis cultivatedover
anareaof 4.2Mhaandmorethan500sugarmills
situatedin differentregionsutilize the cane(2).
SCMV causesappreciabledamagein susceptible
sugarcanevarieties and even 10–15% loss of
yield dueto this diseaseis highly signi�cant in

Indiabecauseof extensivecultivationof thecrop
(1). Moreover, theworld collectionof sugarcane
germplasmbeing maintainedby the Sugarcane
BreedingInstitute, Coimbatore,at its Research
Centrein Kannur(Keralastate)consistsof more
than 3000 clonesof Saccharum spp. hybrids
andrelatedgenerafree from SCMV. Theclones
from nationaland internationalexpeditionsare
addedregularly after beingquarantinedfor one
year at Coimbatoreand an additional year at
Kannur. The location of the Centre,far away
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from the commercialsugarcaneplantations,fa-
cilitatespest-anddisease-freemaintenance(12).
Moreover, differentpotyvirusesandstrainsof the
sugarcanesubgrouphavebeenreportedfor many
years.Differentdiagnostictechniqueshave been
reportedfor SCMV from variouscountriesand
mostof themareantibody-basedtechniques;in
recentyearsgenome-basedtechniqueslike RT-
PCR have beenreported(14). Eachdiagnostic
methodvariesin its sensitivity dependingupon
antibodyspeci�city, virus titre, typeof virus,and
strainsthatleadto inconsistentresultsin quaran-
tine. In thepresentstudyanattemptwasmadeto
comparethedifferentantibody-baseddiagnostic
methodswith RT-PCRagainstSCMVin different
sugarcanecultivars. Various sugarcanetissues
werealsoassessedto determinetheir suitability
for virus diagnosisandthe resultsarepresented
hereunder.

Polyclonal antiserumproducedagainst the
SCMV antigenpuri�ed from sugarcanecv. CoC
671, which is widely cultivated in peninsular
India, is used at 1:5000 concentration(3) for
differentserologicalreactions.Severalsugarcane
tissues(cv. CoC 671), viz., leaf lamina (third
andsixth leaf from the top), midrib, leaf sheath,
buds, tissuesnear the centralpith of internode
androot wereassessedin DAC-ELISA andRT-
PCRto determinetheirutility for virusdiagnosis.
The DAC-ELISA wasfollowed with an antigen
dilution of 1:25 (3) by using anti-rabbit goat
IgG (1:2500)conjugatedwith enzymealkaline
phosphatase(Sigma ChemicalCo., St. Louis,
IL, USA) basedon the methodof Mowat and
Dawson (6). The value of infected samples
was consideredto be positive if the meanab-
sorbancevaluewasdoublethat of healthy sam-
ples. Healthy sugarcanesamplesfree of SCMV
wereobtainedfrom world sugarcanegermplasm
being maintainedby SugarcaneBreedingInsti-
tuteat Kannur. For theRT-PCR,total RNA was
separated(13) from sugarcanetissuesandampli-
�cation was carried out with a SCMV-speci�c
primer accordingto the method of Yang and
Mirkov (14). The RNA ampli�cation kit (Ban-
galore Genei, India) was employed for cDNA
synthesis. The forward and reverse primers
used were 5' TTTYCACCAAGCTGGAA 3'
and5' AGCTGTGTGTCTCTCTGTATTCTC3',
respectively (where the redundancy code was

Y= C+T). The PCR-ampli�edproductwascon-
�rmed in 1.2% agarosegel electrophoresis(8)
with 1kb DNA ladder(BangaloreGenei,India)
asmarker.

SugarcanecultivarsexpressingSCMV foliar
symptoms(prominent symptoms, less promi-
nentsymptoms,aswell assymptom-free)were
assayedin different antibody-basedreactions
viz., DAC-ELISA, dot blot immunoassay, im-
munosorbentelectron microscopy, and elec-
troblot immunoassayand comparedwith RT-
PCRusingSCMV-speci�c primers. The symp-
tomsclassi�ed as lessprominentincludedmild
mottling and mild streaks in younger leaves
preferablyin thetopfour to � veleaves.Theolder
leaves were relatively free from these symp-
toms. Theprominentsymptomsincludedstrong
chloroticpatchesonapalegreenlaminarsurface;
severe streaksand yellowing in the top six or
seven leaves; and severe chlorotic and yellow
blotcheswith marginaldryingin theolderleaves.
Stuntingwasalsonoticedin someplants. Dif-
ferent sugarcanecultivars usedfor comparison
were Co 740, Co 1148, Co 86010,Co 87271,
CoC 671, BO 108, CoJn 86141, CoS 86218,
CoLk 8001, CoLk 9106, CoS 91230, CP 44-
101, CoPant 92227 and CoSe 93232. These
sugarcanecultivarswereobtainedfrom theSug-
arcaneBreedingInstitute, Coimbatore. Along
with thosecultivars, the healthy samplesof Co
740 and CoC 671 free from SCMV were also
used.

The DAC-ELISA was performed as de-
scribedabove. For theelectroblotimmunoassay,
the protein from healthy and SCMV-infected
sugarcaneleaf tissueswereseparatedon a 12%
gel in sodiumdodecyl sulphatepolyacrylamide
gel electrophoresis(5). After gel electrophore-
sis, the protein from the gel was electroblotted
(Bio-Rad semidrytransblotapparatus(Bio-Rad
Laboratories,Hampstead,Herts, UK); 140mA;
30 min) onto 0.45 � m nitrocellulosemembrane
(Sigma) as describedby Gallagharet al. (4).
After destainingandwashing,SCMV antiserum
wasaddedandincubatedin goatanti-rabbitIgG
alkaline phosphataseconjugate (Sigma)for 3 h
at a dilution of 1:2500. Finally, immunological
reaction was visualized by soaking the mem-
branesin BCIP/NBT reactionmixture (Banga-
lore Genei,India) and blue-coloredbandsindi-
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cateda positive reaction. In the immunosorbent
electronmicroscopy, trappingof SCMV particles
from sugarcaneleaf sampleswas done using
SCMV antiserumin coppergrids.Later, negative
staining was carried out using 2% ammonium
molybdate(pH 5.6)andthegridswereobserved
undera JEOL-TEM 100sxelectronmicroscope.
For dot blot immunoassay, 20 � l of antigen
extractedin carbonatebuffer (pH 9.6) from sam-
plesof differentsugarcanecultivarswereloaded
on nitrocellulosemembraneand blocked with
skimmedmilk powder (2%). After incubation
for 1 h at37	 C, themembranewaswashedthree
times with phosphate-buffered saline (10 mM,
pH 7.0) containing0.05% Tween 20 and then
incubatedwith SCMV antiserumat 37	 C for
3 h. After washing,themembranewasincubated
with goat anti-rabbit IgG alkaline phosphatase
conjugate (Sigma) (1:2500) at 37	 C for 3 h,
BCIP/NBT ready-to-usesubstratewas added,
and the developmentof blue color indicateda
positive reaction.TheRT-PCRwith SCMV spe-
ci�c primerwasperformedasdescribedabove.

Thereadingsfrom DAC-ELISA with differ-
entsugarcanetissuesrevealedthat thevirus titre

washighestin the youngestleaf bladefollowed
by third and sixth leaves, bud, midrib and leaf
sheath. However, from the tissuesof the root
andcentralpith region, no positive reactionwas
recorded(datanot shown). Furtherstudiesusing
a SCMV-speci�c primerwith differenttissuesof
aninfectedplantshowedampli�cation of 870bp
cDNA from leaf lamina,leaf sheath,bud region
andmidrib but not from tissuesof thepith region
and root tissues; healthy samplesall reacted
negatively (Fig. 1). Selectionof aparticularplant
tissuecontainingthe highestvirus titre is very
importantfor diagnosis.Theresultsrevealedthat
amongthe different sugarcanetissues,younger
leavesandbudscouldbeusedduringquarantine
operationsin bothDAC-ELISA andRT-PCRfor
theSCMV assay, but theviruswasnotdiagnosed
from thetissuesof rootsandcentralpith of stalks.
During germplasmexchange,only very limited
sugarcanesettsarehandledandusingmoresam-
ples for diseasediagnosisin quarantineis not
possible. Even if leaf materialis not available,
buds are very useful for SCMV diagnosisin
serologicalreactionsandin RT-PCR.

TABLE 1. Comparisonof differentdiagnosticreactionsandfoliar symptomsof SCMV-infectedand
disease-freesugarcanecultivars(antiserumdilution of 1:5000)

Cultivar Foliar symptoms Serologicalandmoleculardiagnosticassays
ELISA 
 DBIA � ISEM� EBIA RT-PCR

Co740 Prominent 0.998(+) (+) (+) (+) (+)
Co1148 Prominent 0.507(+) (+) (+) (+) (+)
CoC671 Prominent 0.598(+) (+) (+) (+) (+)
CoJn86141 Prominent 0.560(+) (+) (+) (+) (+)
CoS86218 Prominent 0.581(+) (+) (+) (+) (+)
CoLk 8001 Prominent 0.560(+) (+) (+) (+) (+)
CP44-101 Prominent 0.498(+) (+) (+) (+) (+)
Co86010 Asymptomatic 0.089(-) (-) (-) (-) (-)
Co87271 Lessprominent 0.247(+) (+) (+) (+) (+)
CoSe93232 Lessprominent 0.144(-) (-) (-) (-) (+)
BO 108 Lessprominent 0.293(+) (-) (-) (+) (+)
CoLk 9106 Lessprominent 0.177(+) (-) (-) (-) (+)
CoPant92227 Asymptomatic 0.109(-) (-) (-) (-) (+)
CoS91230 Asymptomatic 0.148(-) (-) (-) (-) (-)
Co740(Healthy) Absent 0.077 (-) (-) (-) (-)
CoC671(Healthy) Absent 0.084 (-) (-) (-) (-)

(-) indicatesnegative reaction.

 (+) Indicatespositive reactionsin ELISA if meanabsorbancevaluewasdoublethatof healthy samples.

� (+) Developmentof bluecolor indicatesthepositive reactionin DBIA.
� (+) Positive if �e xuousrod-shapedvirusparticleswerevisibleunderISEM.
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Fig. 1. Ampli�cation of SCMV in differentsugarcanetissues(SCMV-speci�c primer).

The antiserumreactedwell in all the sero-
logical reactionsin sugarcanesamplesevincing
prominent mosaic symptomsand matchedthe
RT-PCR results (Table 1). In RT-PCR with
SCMV-speci�c primers, 870bp cDNA was ob-
tainedin all the positive reactions.However, in
an asymptomaticplant, CoPant 92227, all the
antibody-basedmethodswere negative whereas
in RT-PCR the result was positive. Likewise,
in somecultivarsshowing lessprominentsymp-
toms, viz., CoSe 93232 and CoLk 9106, dis-
similar serologicalresultswereobtainedbut the
samplesreactedpositively in RT-PCR. In the
healthy samples,thereactionsin all thetestswere
negative.

During the quarantine operation for
germplasmexchange,symptomatologyis widely
used to determine the presence of virus;
in doubtful conditions other serological and
molecular techniquesare applied. Escapeof
certain asymptomaticplants containing virus

at low titre is anotheraspectwhich warrants
precisediagnostictechnique.Differentworkers
emphasizedtheutility of variousantibody-based
diagnostictechniques.SCMV andMDMV were
identi�ed from different poaceouscrops using
DAC-ELISA (7). The electroblotimmunoassay
was used successfullyagainst 11 potyviruses
and, basedon this technique, the taxonomic
relationship of 17 different strains of SCMV
andMDMV andbetweenMDMV andJohnson
grassmosaicvirus, was determined(10). The
electroblot immunoassaywas used for the
detection of SCMV and MDMV in various
poaceouscrops(7). Theimmunosorbentelectron
microscopy techniquewasusedto determinethe
taxonomicrelationshipof different potyviruses
(9). RecentlyYangandMirkov (14) developed
primersandconditionsto amplify all theSCMV /
sorghummosaicvirus isolatesandalsoanRFLP
re�nementfor straindiscrimination.

Thedissimilarserologicalresultsobtainedin
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thesamplesdrawn from plantswith mild symp-
toms or which were asymptomaticmay be due
to the presenceof differentstrainsor to a lower
virus titre. Soledependenceon external symp-
tomsandon oneor two diagnosticmethodsmay
not be suf�cient for the con�rmation of SCMV.
A combineddiagnosticsystemutilizing different
antibody-basedtechniquesshouldbe employed
to control sugarcane-breedingmaterialsduring
quarantineoperations. Even thoughthe results
were uniform in RT-PCR with all the infected
materials,the methodshouldbe employed only
with doubtful and valuablematerialsdue to ts

high costandthe requirementof greaterskill in
its application. With thesecombineddiagnostic
techniques,the possible chanceof spreadof
SCMV to the existing valuablegermplasmcan
be preventedwhenaddingnew materials. Oth-
erwise, the virus will undergo geneticchanges
aswell asrecombinationbetweenco-inoculating
virusesin the gatheredgermplasmand become
dif�cult to eradicate.Studiesarein progresson
isolationof individual SCMV strains,molecular
characterization,andraisingstrain-speci�canti-
serum.
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