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ABSTRACT

Haber, S., Rymerson, R. T., Procunier, J. D., Murray, G., and Cvitkovitch, S. E. 1995. Diagno-
sis of flame chlorosis by reverse transcription—polymerase chain reaction (RT-PCR). Plant Dis.
79:626-630.

Flame chlorosis (FC), a viruslike disease of cereals, is associated specifically with double-
stranded RNAs (FCdsRNAs). The FCdsRNAs can be detected by dot blot hybridization assay
that is adequate for detecting FC-RNA in symptomatic areas of infected leaf tissue, but has
proved insufficiently sensitive to detect FC-RNA in small (€10 mg) quantities of suspect root
tissue or mycelium of candidate fungal vectors. A reverse transcription-polymerase chain reac-
tion assay to detect FC-RNA (FC-RT-PCR) was developed to improve sensitivity. Total RNA
was extracted from milligram quantities of test tissue, reverse transcribed, and amplified by the
PCR. The primer pairs #86 [F:5'-CTATTCGCTTGGCTCAGATCG-3" and R:5-CCAGAGTA-
GTGACTAGAACAGC-3"] or #307 [F:5’-GTGAAAGTCTTGAGGATGC-3" and R:5-TTCA-
TCTCTATTGGCACCACG-3"] were used. These primer pairs had been determined from a
consensus 821-bp FC sequence covering an open reading frame (GenBank No. X59248), and
were predicted to yield 358- and 347-bp DNA fragments, respectively. Sensitivity of specific
FC-RNA detection was further enhanced by hybridization of the RT-PCR product to digoxi-
genin-labeled riboprobe (digFC-RNA) used in the earlier FC dot blot hybridization assay; the

digoxigenin label was subsequently reported with enzyme-linked antidigoxigenin antibody and

chromogenic substrate.

Flame chlorosis (FC) is a soilborne, vi-
ruslike disease of cereals (5) that is asso-
ciated with specific double-stranded RNAs
(FCdsRNAs) (6,7). We previously dem-
onstrated a diagnostic assay that exploited
stringent hybridization of labeled probes
to disease-specific RNA (FC-RNA) (7).
Diagnosis based on serology was not fea-
sible because we had not been able to find
virus particles in diseased tissues (1). The
dot blot hybridization assay (FC-DBA)
showed clearly that FC-RNA (predomi-
nantly in the form of FCdsRNA) was pres-
ent at much higher levels in the areas of
yellow variegation on symptomatic leaves
than in adjacent green areas (7). Indeed,
FCdsRNA made up as much as 1% of the
dry cell mass in small, localized areas of
FC leaves that were intensely chlorotic,
and was readily detected in crude extracts
made from 1.5-mm disks (10 to 15 pg dry
tissue mass) (7). By contrast, similar
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quantities of root tissue from FC plants did
not usually give positive results in FC-
DBA even though electron microscopy
showed that some root cells had FC-
specific cytological alterations as extensive
as those found in mesophyll cells of
symptomatic leaf tissue (1). In root, unlike
leaf, tissue there are no visible symptoms
to guide the selection of samples.

In addition to addressing the need for
more sensitive and definitive diagnosis, we
used the approach of detecting FC-RNA to
search for a fungal vector of the soilborne
FC agent (4). Based on the observation
that FC symptoms and FC-RNA appeared
as early as the one-leaf stage, we hypothe-
sized that a candidate FC vector should
readily infect leaf and root initials in the
earliest stages of seed germination (4).
Pythium spp. meet this requirement in that
they infect cereal embryos within 24 to 48
h after planting (3), and FC-DBA showed
that certain Pythium isolates possessed
FCdsRNA (4; S. Haber, unpublished). The
amount of FC-RNA in the Pythium iso-
lates, however, was much lower than in
chlorotic areas of FC leaf tissue, so it was
necessary to culture fungal mycelium in
liters of medium in order to obtain suffi-
cient nucleic acid extract for analysis. To
analyze diverse fungal isolates from FC
and non-FC soils more rapidly, it was
clearly desirable to be able to detect FC-
RNA in extracts prepared at the scale of

When part or all of the sequence of the
diagnostic RNA is known, it is straightfor-
ward to exploit the coupled reactions of
reverse transcription—polymerase chain re-
action (RT-PCR) for amplification (15).
Making a reverse transcript from dsRNA,
however, may be problematic given its high
melting temperature (14). This difficulty can
be overcome if disease-specific single-
stranded RNA (ssRNA) also is present, even
if it constitutes only a small proportion of
the total ssSRNA pool. We demonstrate here
that tissues with FCdsRNA (6,7,12) also
contain FC-specific ssRNAs (FCssRNAs),
which hybridize to riboprobes made from
cDNA clones of FCdsRNAs.

The cDNA clones of FCdsRNA that
were developed for the dot blot hybridiza-
tion assay, FCcDNA-21 and -23 (7), es-
tablish together with other FCcDNA
clones a consensus sequence of 821 bp
(GenBank No. X59248) that contains an
open reading frame. This sequence has no
significant homology with any sequence
deposited to date in the GenBank and
EMBL nucleic acid sequence databases.
Therefore, strong evidence for the pres-
ence of FCssRNA in the original RNA
extract is shown when specific primers
from X59248 amplify reverse transcripts
under stringent annealing conditions and
yield fragments of predicted sizes. Subse-
quent stringent hybridization of the DNA
product with FC-specific digoxigenin-
labeled riboprobe (digFC-RNA) confirms
the presence of FCssRNA in the original
RNA extract and further enhances the
sensitivity of detection.

MATERIALS AND METHODS
Preparation of FC-specific nucleic
acids. For developing the RT-PCR proto-
cols, FC-RNA, quantified by spectropho-
tometry, was prepared by run-off tran-
scription of cDNA clones using T7 DNA-
directed RNA polymerase and the proto-
cols supplied with the Boehringer Mann-
heim DIG-labeling system (Boehringer
Mannheim Canada, Laval QC). FCssRNA
was also prepared from infected leaf tissue
and from cultured Pythium mycelium us-
ing a method adapted from a protocol for
the purification of wheat RNA (10). Tissue
was lyophilized, then ground to a fine
powder with dry ice in a small mortar.
About 10 mg was transferred to a 1.5-ml
microvial containing 400 ul of a freshly
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