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ABSTRACT

Hu, J. S, Li, H. P, Barry, K., Wang, M., and Jordan, R. 1995. Comparison of dot blot, ELISA,
and RT-PCR assays for detection of two cucumber mosaic virus isolates infecting banana in

Hawaii. Plant Dis. 79:902-906.

The coat protein genes of two cucumber mosaic virus (CMV) isolates infecting banana plants
in Hawaii were cloned and sequenced. Based on nucleotide and amino acid sequence compari-
sons, both isolates belong to CMV subgroup I. One isolate (CMV-Hawaii), which is common in
banana plants in the state of Hawaii and induces mild mosaic symptoms, shares 99% sequence
identity (both nucleotide and amino acid sequences) with CMV-C strain. Another isolate
(CMV-Oahu), which was found only at two banana farms in the state of Hawaii, induces severe
mosaic and leaf distortion symptoms. CMV-Oahu shares 91% and 93% nucleotide and amino
acid sequence identity, respectively, with both CMV-C and CMV-Hawaii. A reverse transcrip-
tion—polymerase chain reaction (RT-PCR) assay was developed for detection of both CMV
subgroups from banana samples. The RT-PCR product (~750 bp) was also labeled as a probe to
detect CMV in dot blot hybridization tests. PCR is a more sensitive assay than either dot blot or
ELISA. The dot blot assay was 100 times more sensitive than ELISA. The distribution of CMV
within banana plants was uneven. CMV concentrations were higher in younger leaves than in
older ones. The CMV-Oahu isolate was not detected in banana by ELISA using antibodies to
both CMV subgroups I and II, but was positive in dot blot and RT-PCR tests.

Cucumber mosaic virus (CMV) has a
tripartite, positive-sense, single-stranded
RNA genome (12,18). The virus genomic
RNAs, designated RNAs 1, 2, and 3, are
3.4, 3.0, and 2.2 kb in length, respectively.
RNA 1 and RNA 2 encode putative rep-
licase proteins (16); RNA 3 encodes a
movement protein and a coat protein (CP)
(3,18). A subgenomic RNA, RNA 4, is a
duplication of the 3’ half of RNA 3, and is
not required for infectivityy CMV has a
large number of strains that can be classi-
fied into two major subgroups (5,17,18).
CMV s transmitted in a nonpersistent
manner by more than 60 aphid species. It
has the largest host range of any virus, in-
fecting more than 800 species. The virus
can cause devastating diseases in tomato
and many other crops worldwide (18).

CMV causes chlorosis, mosaic, and
heart rot in bananas and has been found in
most banana-growing areas of the world
(15). In general, CMV infection does not
have a major impact on banana produc-
tion. The virus induces mild mosaic symp-
toms and has little effect on plant growth.
However, severe diseases have been ob-
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served in CMV-infected banana in Mo-
rocco (1). In China, CMYV infection inci-
dence in some banana fields was from 40
to 90%, with yield losses as high as 100%
(13).

As recommended by Niblett et al. (15),
the most effective strategy for control of
CMY in bananas is using virus-free plants.
In recent years, the banana industry in
Hawaii has been expanding using former
sugarcane land. Use of banana plantlets
produced by tissue culture has been in-
creasing. Enzyme-linked immunosorbent
assay (ELISA) has been used to index ba-
nana mother plants for CMV infection
prior to tissue culture propagation (25).
Recently, samples were collected from
symptomatic banana plants in the field on
the island of Oahu and tested for CMV by
ELISA. Some of the plants from which
samples were collected showed severe mo-
saic and leaf distortion symptoms; how-
ever, all the samples were negative in
ELISA tests with anti-CMV subgroup I
antiserum. Because of the mosaic symp-
toms and lack of detection by ELISA, we
suspected that the ELISA-negative banana
plants might be infected by CMV sub-
group II isolates. This incident led us to
re-evaluate indexing systems for detection
of CMV from bananas and to examine the
molecular relatedness of CMV isolates
infecting bananas in Hawaii. Dot blot hy-
bridization and reverse transciption—poly-
merase chain reaction (RT-PCR) assays
were compared with ELISA for detection
of CMV from banana samples.

MATERIALS AND METHODS

CMY isolates. Two CMYV isolates from
banana were used in this study. The first
isolate (CMV-Hawaii) was obtained from
an infected Cavendish banana (cultivar
Williams, AAA genotype) on the island of
Hawaii. This CMYV isolate is common in
banana plants in the state of Hawaii and
induces typical mosaic symptoms. The
second isolate (CMV-Oahu) was collected
from the banana cultivar Brazilian (AAB
genotype) on the island of Oahu. This
isolate was first found on Oahu and was
referred to as CMV-Oahu. Banana plants
infected by the CMV-Oahu isolate exhib-
ited severe mosaic and leaf distortion
symptoms. The CMYV isolates were inocu-
lated and propagated in zucchini squash
plants (Cucurbita pepo L.) and purified as
described elsewhere (13).

RT-PCR. Total nucleic acid samples
were extracted from the CMV-infected
banana plants for PCR and cloning of the
CP gene using a procedure described by
Hadidi et al. (8) with minor modifications.
Approximately 0.1 g of leaf tissue was
homogenized in 1.5-ml microcentrifuge
tubes with a glass rod in 0.5 ml of extrac-
tion buffer (0.1 M glycine-NaOH, pH 9.0;
50 mM NaCl; 10 mM EDTA; 2% sodium
dodecyl sulfate [SDS]; 0.2% sodim dieth-
yldithiocarbamate [DIECA-Nal; and 1%
sodium lauryl sarcosine). Homogenates
were then emulsified with phenol/chloro-
form/isoamyl alcohol (25:24:1). Total nu-
cleic acids were recovered by precipitation
with ethanol and dissolved in 100 ul of TE
(10 mM Tris-HCl, 1 mM EDTA; pH 8.0).
Two oligonucleotide primers were de-
signed for the amplification of the CMV
CP gene based on a comparison of known
CMV CP gene sequences of both CMV
subgroups (20). The primers were de-
signed for cloning and amplification of the
CP gene of both subgroups of CMV. The
upstream primer 93-309 (5’-CATCGACC-
ATGGACAAATCTGAATCAAC), is iden-
tical to the 5’ terminus of the CMV CP
gene, and includes 8 nucleotides upstream
of the starting codon of CMV-C RNA 3.
The downstream primer 93-359 (5'-
CTCTCCATGGCGTTTAGTGACT TCA-
GCAG), is complementary to the 3’ end of
CMV-C RNA 3, about 80 nucleotides after
the stop codon of the CP gene. The pre-
dicted length of the amplified DNA prod-
uct is approximately 745 bp. An Ncol re-
striction site was included at the 5 termini
of both primers to facilitate cloning into



plasmid vectors.

Thermostable 1T:h DNA Polymerase
(Perkin-Elmer Cetus, Norwalk, Conn.) was
used for RT-PCR. For reverse transcrip-
tion, 75 pmoles of the downstream primer
(93-359) and 7.6 pl of master mix (master
mix contains 2 ul of 10x Reverse Tran-
scription Buffer [Perkin-Elmer Cetus], 2 pl
of 10 mM MnCl, solution, 0.4 pl of each
10 mM dNTP, and 2 pl of rTth DNA Po-
lymerase) were added to 1 pl (~200 ng) of

A

Hawaii

total nucleic acids from banana. Deion-
ized, ultrafiltered water was added to give
a final volume of 20 pl. The mixture was
incubated in a DNA Thermal Cycle 480
(Perkin-Elmer Cetus) at 70°C for 5 min,
60°C for 15 min, and 50°C for 10 min. For
PCR, the 20-pl RT mixture was transferred
to a tube containing 15 pmoles of the up-
stream primer (93-309), 8 pl of 0.25 mM
MgCl,, 8 pl of 10x Chelating Buffer
(Perkin-Elmer Cetus), and sufficient de-

ionized, ultrafiltered water to give 100 pl.
The reactions consisted of an initial de-
naturation at 94°C for 2 min, followed by
35 cycles of 1 min at 94°C and 1 min at
50°C, and a final extension of 7 min at
50°C.

Cloning and sequence analysis of CMV
CP gene. The RT-PCR products were di-
rectly loaded and separated on a 1.2% aga-
rose gel in Tris-acetate-EDTA buffer (TAE)
(14). The CP gene fragment was electroe-
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Fig. 1. Nucleotide (A) and predicted amino acid (B) sequences of the coat proteins of CMV-Hawaii, CMV-C (D00462), and CMV-Oahu. Dots (...) indicate
residues identical to CMV-Hawaii. GenBank accession numbers are U31219 and U31220 for CMV-Hawaii and CMV-Oahu strains, respectively.
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luted from the agarose gel (14), ethanol-
precipitated and dissolved in 20 ul of dis-
tilled water (14). The gel-isolated CP gene
fragments were digested with Ncol and
ligated into Ncol-digested vector pBI 525
(obtained from William Crosby, Plant Bio-
technology Institute, Saskatoon, Saskatche-
wan, Canada). Clones were sequenced by
the dideoxynucleotide chain-termination
method and the primer-directed dideoxynu-
cleotide sequencing method (10,22,24). Se-
quence data were compiled and analyzed
using PC/Gene (Intelligenetics, Inc.) and the
University of Wisconsin Genetics Computer
Group (GCG) computer program, available
from GCG, Inc., Madison, Wis. (4). The
CMYV banana isolate CP sequence was
compared with that of eight subgroup I and
four subgroup II CMYV strains, whose se-
quences were available in the literature and
in the GenBank. The GenBank sources of
data sequence were from the following ac-
cession numbers: subgroup I strains C
(D00462), FC (D10544), FNY (D10538),
Korea (X77855), O (C00385), PR
(M98501), Y (D12499), China (X65017),
and subgroup II strains Kin (Z12818),
TRK-7 (L15336), WL (D00463), and Q
(J02059).

Dot blot hybridization. Sap extracts
were prepared by vortexing ground plant
tissue (0.1 g) in 0.5 ml of TE buffer (pH
8.0) containing 1% SDS, 0.2% DIECA-
Na, and 0.5 ml of phenol/chloroform (1:1),
followed by clarification with chloroform.
Extracts were precipitated with ethanol
and resuspended in 1 ml of TE (pH 8.0).
Aliquots of 100 pl were loaded onto Zeta-
Probe membrane using a Bio-Dot blotting
manifold (Bio-Rad Laboratories, Rich-
mond, Calif.). The agarose gel-isolated
RT-PCR product of CMV-Hawaii isolate
was 3?P-labeled as a probe using the ran-
dom primed DNA labeling kit (Boehringer
Mannheim, Indianapolis, Ind.). Zeta-Probe
membranes were prehybridized and hy-

bridized following the procedures pro-
vided by the vendor (Bio-Rad).

ELISA. Polyclonal antibodies against
CMV-C strain (CMV subgroup I) or CMV-
WL strain (CMV subgroup II) were pro-
duced previously by D. Gonsalves at
Cornell University (5,7) and used in dou-
ble antibody sandwich ELISA for detec-
tion of CMV in banana as described previ-
ously, with minor modifications (2,9).
Microtiter plates were coated with specific
antibody at a concentration of 1 pg per ml,
100 pl per well. The plates were then in-
cubated overnight at 4°C and washed three
times (2). The plant samples (0.1 g) were
prepared with 1 ml of extraction buffer (2)
containing 0.2% DIECA and added to the
plate at 100 pl per well. The plates were
again incubated overnight at 4°C and later
washed three times. Alkaline phosphatase-
labeled specific antibody in enzyme con-
jugate buffer (2) at a dilution of 1:2,000
was added and incubated for 4 h at 30°C.
After washing the plates as before, sub-
strate (p-nitrophenyl phosphate at 1 mg
per ml) in 100 pl of substrate buffer was
added to each well and incubated 2 h at
room temperature. Absorbance at 405 nm
was measured with a Model 450 Mi-
croplate Reader (Bio-Rad). Controls with
virus extraction buffers, healthy samples,
and virus-infected samples were included
in all tests. A reaction was considered
positive only if the absorbance was >0.1,
which was at least three times the mean
absorbance value of the healthy control.

CMV distribution in banana plants.
Two CMV-Hawaii-infected individuals of
Williams, Brazilian, or Valery banana
plants were tested by ELISA to assess
variations in virus titer within individual
plants. Two samples (about 0.1 g per
sample) were collected from each leaf, one
from the midrib tissue and one from leaf
lamina. In other tests, ELISA, dot blot and
RT-PCR assays were compared to evaluate

their sensitivity and reliability in detecting
virus in CMV-Hawaii-infected banana
tissues.

RESULTS

CP gene sequence analysis. The CP
genes of two CMV isolates infecting ba-
nana plants were amplified in RT-PCR,
cloned, and sequenced. Computer-aided
analyses of the 657 base pair (bp) se-
quence revealed the presence of a single
long open reading frame capable of encod-
ing 218 amino acids (Fig. 1). Computer-
aided comparisons of the predicted CP
sequence of CMV-Hawaii and CMV-Oahu
isolates with that of other CMV strains
revealed that the banana isolates are more
closely related to CMV strains in subgroup
I (Table 1). The CMV-Hawaii isolate was
almost identical in nucleotide and pre-
dicted amino acid sequences to CMV-C
(99%), whereas the CMV-Oahu isolate
shares 91% nucleotide and 93% predicted
amino acid sequence identity with both
CMV-C and CMV-Hawaii, respectively
(Fig. 1, Table 1). The CMV-Hawaii isolate
shares 92 to 99% predicted amino acid and
nucleotide identities with the eight other
subgroup I strains, but only 77 to 81%
predicted amino acid and 77% nucleotide
sequence identity with the four subgroup
11 strains (Table 1). CMV-Oahu is different
in that it shares 91 to 95% amino acid and
90 to 92% nucleotide sequence identity
with the other subgroup I strains, and 74 to
79% amino acid and 76 to 77% nucleotide
sequence identity with the four subgroup
II strains tested (Table 1). The fidelity of
nucleotide incorporation of rTth DNA
polymerase did not appear to be a problem
in cloning, based on the high percent se-
quence identity of CMV-Hawaii with
CMV-C (only one nucleotide difference).

Virus detection. The RT-PCR assay
amplified an approximately 750-bp DNA
fragment from banana plants infected by

Table 1. Coat protein nucleotide and amino acid sequence identities between subgroup I and subgroup II strains of cucumber mosaic virus (CMV) and

CMV-Hawaii and CMV-Oahu isolates?

Subgroup I Subgroup II
CMYV strains Hawaii C FNY FC o PR Y Korea China Oahu WL Q Kin TRK-7
Hawaii 99.5 98.2 97.7 96.8 97.3 954 95.4 92.7 92.2 80.3 771 80.7 78.9
C 99.7 98.6 98.2 97.3 97.7 95.9 95.9 92.7 93.1 80.8 71.5 81.2 79.4
FNY 99.2 99.5 99.5 98.6 99.1 97.3 97.3 94.0 94.0 78.4 82.1 82.6 80.7
FC 98.3 98.6 99.1 98.2 98.6 97.7 96.8 93.6 93.6 78.0 81.7 82.1 80.3
(0] 97.4 97.7 98.2 98.0 98.6 96.8 96.8 93.6 93.6 78.4 78.4 83.0 81.2
PR 974 97.4 97.9 97.7 97.3 98.2 98.2 95.0 95.0 784 82.6 83.0 81.2
Y 97.0 97.3 97.7 97.9 97.1 98.0 97.3 93.1 93.1 81.7 71.5 82.1 80.3
Korea 93.8 94.1 94.5 93.9 93.9 93.9 94.4 94.0 94.0 715 81.7 82.1 80.3
China 92.1 924 92.8 92.8 92.5 92.5 92.7 94.2 90.8 78.4 74.8 78.9 717
Oahu 90.6 90.4 91.0 90.7 90.4 90.7 90.3 922 90.8 78.0 74.8 78.9 78.4
WL 76.8 76.8 713 774 76.8 78.0 717 71.8 713 76.4 92.7 98.2 96.3
Q 76.9 76.8 713 77.4 76.8 78.0 71.7 77.8 713 76.5 98.2 93.6 922
Kin 76.7 76.7 77.1 713 76.6 77.8 71.6 77.8 771 76.7 98.2 99.1 97.3
TRK-7 76.2 76.2 76.7 76.8 76.2 774 77.1 712 76.7 76.1 97.7 98.5 98.5

® The GenBank sources of data sequence were from the following accession numbers: subgroup I strains C (D00462), FC (D10544), FNY (D10538), Korea
(X77855), O (C00385), PR (M98501), Y (D12499), China (X65017), and subgroup II strains Kin (Z12818), TRK-7 (L15336), WL ( D00463), and Q
(J02059). Comparisons above the diagonal refer to coat protein amino acid sequences; figures below the diagonal are from coat protein gene nucleotide

sequence comparisons‘
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CMV-Hawaii or CMV-Oahu strains, where-
as no band was amplified from healthy ba-
nana samples (data not shown). The RT-
PCR product of CMV-Hawaii was labeled
as a probe in dot blot hybridization for de-
tection of CMV-Hawaii and CMV-Oahu
from banana samples. The probe did not
react with healthy banana samples (data not
shown). The sensitivity of the dot blot assay
was compared with that of ELISA and RT-
PCR using crude sap extracts and purified
CMV-Hawaii. When crude samples were
used, CMV was detected at dilutions equi-
valent to 100 pg, 1 pg, and 10 ng banana
leaf tissue in ELISA, dot blot, and PCR re-
spectively (Fig. 2). RI-PCR was negative
when undiluted sample was used. This was
likely due to inhibitory materials in the ba-
nana tissue and could be overcome by dilut-
ing the samples (Fig. 2). When purified
CMV-Hawaii virus was used, CMV could
be detected at 100 ng, 1 ng, and 0.1 pg in
ELISA, dot blot, and PCR, respectively
(data not shown).

Usually, virus could be readily detected
by ELISA from banana plants infected by
the common CMV-Hawaii isolate. In our
sensitivity comparison tests, these samples
were ELISA positive when the samples
were diluted at 1:100 (Fig. 2). However,
the samples collected from banana plants
infected by the CMV-Oahu isolate were
negative in ELISA using antibodies to
both CMV subgroup I and II. A total of 28
banana plants were collected from a ba-
nana farm on the island of Oahu from
which the severe isolate was identified.

RT-PCR  NT

e

Equivalent amount of leaf tissue

Fig. 2. Sensitivity comparisons of enzyme-
linked immunosorbent assay, dot blot, and re-
verse transcription—polymerase chain reaction
(RT-PCR) for detection of the CMV-Hawaii
isolate. Ten-fold dilutions of infected banana
leaf tissue samples corresponding to 10 mg, 1
mg, 100 pg, 10 pg, 1 pg, 100 ng, 10 ng, and 1
ng of leaf tissue were used. There were no re-
actions to healthy control samples in dot blot
and RT-PCR tests. The RT-PCR assay amplified
an approximately 750-bp DNA fragment from
banana plants infected by CMV-Hawaii or
CMV-Oahu strains. The mean absorbance value
of the healthy control was below 0.03. NT =
not tested for RT-PCR.

Seven of these plants had severe symp-
toms, 11 had mosaic symptoms, and 10
displayed no symptoms. All 28 samples
were negative in ELISA tests; however, 23
were positive in dot blot tests with CMV-
Hawaii probe, including 9 samples col-
lected from asymptomatic plants. When
this CMYV isolate was transmitted me-
chanically into squash plants, it was posi-
tive in ELISA tests using antibodies
against CMV subgroup I (data not shown).
Another banana sample collected from the
island of Hawaii also showed similar se-
vere symptoms, and again it was negative
in ELISA tests and positive in dot blot
tests. The CMV-Oahu collected from both
Oahu and Hawaii was positive in RT-PCR
tests.

CMV-Hawaii could be detected by
ELISA in both leaf laminae and midrib
samples of the symptomatic banana plants
tested (Table 2); however, the relative con-
centration of CMV in infected banana
plants varied considerably. CMV was un-
detectable in some banana leaves exhibit-
ing strong symptoms (Table 2). Absor-
bance values, however, were generally
higher in extracts of midrib tissue than of
leaf laminae tissue and were also generally
higher in extracts of younger leaves than
in those of older ones (Table 2). CMV was
readily detected from all three banana cul-
tivars infected with CMV-Hawaii isolate
(Table 2).

DISCUSSION

Strains of CMV are characterized into
two subgroups on the basis of serological
relationships, host range, peptide mapping
of the viral CP, and nucleic acid hybridi-
zation (5,6). In addition, sequence com-
parison results show that CMV strains

within each subgroup share 91 to 99%
amino acid and nucleotide sequence iden-
tity, whereas strains between subgroups
share 76 to 84% sequence identity (17,20,
21,23, and this report). Based on nucleo-
tide and amino acid sequence compari-
sons, both CMYV isolates infecting banana
plants in the state of Hawaii belong to the
CMYV subgroup I. The CMV-Oahu isolate
is more unique in that it is less closely re-
lated to other strains in subgroup I than is
the CMV-Hawaii isolate. Pappu et al. (19)
sequenced CMYV strains in banana from
Puerto Rico and also found that all the
strains belong to CMV subgroup I. Singh
et al. (23) showed that all four CMV iso-
lates in banana in Western Australia shared
98% nucleotide sequence identity with that
of CMYV subgroup I strains. Thomas, how-
ever, has detected both CMV subgroups
infecting bananas in Australia (25).

The sensitivity of the dot blot hybridi-
zation, ELISA, and RT-PCR assays was
compared for detection of CMV-Hawaii
from banana samples. As expected, RT-
PCR is the most sensitive assay among the
three and might be used to confirm sam-
ples that are inconclusive in ELISA and
dot blot tests. As noted by Singh et al.
(23), dilution of extracts of banana leaf
samples improved reliability of RT-PCR
assay for detection of CMV in banana. For
routine tests of large numbers of samples,
ELISA and dot blot assays are more con-
venient and practical. The dot blot assay
was 100 times more sensitive than ELISA
for detection of the CMV-Hawaii strain in
banana.

In this study, all 28 samples collected
from banana plants infected by the CMV-
Oahu strain were negative in ELISA tests,
regardless of symptom expression. How-

Table 2. Distribution of the cucumber mosaic virus (CMV)-Hawaii isolate in infected banana plants
as determined by enzyme-linked immunosorbent assay®

Cultivar
Williams Brazilian Valery

Tissue/Number Plant 1 Plant 2 Plant 1 Plant 2 Plant 1 Plant 2
Leaf lamina

1 0.611 ++* 0.876 + 1.247 + 1.725 + 1.341 + 0.497 +

2 0276 +++ 1319++  0.841 ++ 0.574 + 1.202 +++ 0.255 ++

3 0.242 +++ 0.608 +++ 0.790 ++ 0421 +++ 0727+ 0.275 +++

4 0.009 +++ 0.594 +++ 0617 +++ 0.204++ 0751 + 0.214 +++

5 0.006 +++ 0.235 ++ 0.747 +++ 0.020 +++ 0.751 +++ 0.137 +++

6 0.004 +4++ 0350 +4++ 0433 +++ 0.189 +++ 0.720 +++ 0.066 +++
Leaf midrib

1 0.850 1.796 0.987 1416 0.784 0.976

2 0.753 1.407 0.879 2.003 0.707 0.078

3 0.438 1.010 0.559 0.027 0.582 0.524

4 0.549 0.946 0.047 0.032 0.562 0.038

5 0.092 1.003 0.775 0.020 0.720 0.054

6 0.236 1.421 0.399 0.614 0.978 0.084
Healthy CK

Leaf 0.006 0.008 0.009

Midrib 0.008

8 Symptomatic banana plants were tested for CMV distribution within individual plants. Leaf/midrib
1 was the youngest whereas leaf/midrib 6 was the oldest. Values are means of four absorbance
readings for the leaf samples, recorded 60 min after substrate was added.

b Symptoms exibited on the leaves: + = very mild mosaic, ++ = mild but clear mosaic, +++ = strong

mosaic.
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ever, 23 out of 28 samples were positive in
dot blot tests, including nine samples col-
lected from asymptomatic plants. It is clear
that lack of detection of CMV-Oahu strain
in banana plants by ELISA is not due to
heterologous antiserum, because CMV-
Oahu was readily detected by ELISA with
anti-CMV subgroup I antibody when the
virus was transmitted into squash plants.
Similarly, another banana sample collected
from the island of Hawaii, also showing
similar severe symptoms, was negative in
ELISA tests and positive in dot blot and
RT-PCR tests. It appears unlikely that dif-
ferent banana cultivars are responsible for
differences in symptom expression and
detection by ELISA, because virus was
readily detected by ELISA from all three
banana cultivars infected by the CMV-
Hawaii isolate. From a virus-indexing
point of view, lack of detection of CMV-
Oahu strain in banana by ELISA is a po-
tential problem. ELISA negative samples
collected from fields where some banana
plants show severe symptoms should be
re-tested by dot blot hybridization and/or
RT-PCR to test for the presence of CMV-
Oahu or similar isolates.

Previously, Thomas found that CMV
concentrations can vary between plants
and even between leaves on the same plant
(25). Our results confirm that the distribu-
tion of CMV in infected banana plants
varies considerably. However, it appears
that the virus titer is higher in the midrib
tissue of young leaves. Thus, the most re-
liable detection of CMV from newly in-
fected plants or from symptomless plants
is from midrib tissue of young leaves.
Previously we found that the best place for
detection of banana bunchy top virus
(BBTV) is also from midrib tissue of
young leaves (11). Therefore, it will be
convenient to use one set of samples for
the detection of both CMV and BBTV
from bananas in indexing banana planting
materials prior to tissue culture propaga-
tion,
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