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ABSTRACT

Goldberg, K.-B., and Brakke, M. K. 1987. Concentration of maize chlorotic mottle virus increased in mixed infections with maize dwarf mosaic virus,

strain B. Phytopathology 77:162-167.

The concentration of maize chlorotic mottle virus (MCMV) was up to
5.4 times higher in plants infected with both MCMV and maize dwarf
mosaic virus, strain B (MDMYV-B), than in plants infected with MCMV
only. The concentration of MDMV-B was the same in doubly and singly
infected plants. Plants infected with both viruses had a reduced level of
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chlorophyll and a lower than normal ratio of chloroplast to cytoplasmic
rRNA. Purified MCMYV had an extinction coefficient of 6.7 cm’ mg ' at 260
nm, an absorption maximum at 258 nm, minimum at 240 nm, and 25%
RNA.

In the United States, a combination of maize chlorotic mottle
virus (MCMYV) and wheat streak mosaic virus (WSMYV) or maize
dwarf mosaic virus (MDMYV), strain A or B, causes a disease
known as corn lethal necrosis (CLN) (30). In fields with CLN, yield
losses of up to 909% (24) have been reported in north central Kansas
and south central Nebraska, where the disease is currently confined
despite the fact that all three viruses have different aerial vectors
(6,23,26).

MCMYV is a spherical ssRNA (1.47 MDa) virus with a capsid
protein of 24.6 kDa (22). It is readily transmitted mechanically
and, experimentally, by six species of chrysomelid beetles (18,23).
MDMV-B (26), an aphid-transmitted potyvirus, has a capsid
protein of 35 kDa, an inclusion body protein of 66 kDa (19),and a
ssRNA of 3 MDa (17). WSMYV is a mite-transmitted, 700-nm
flexuous rod with a capsid protein of 45 kDa, an inclusion body
protein of 66 kDa (9), and a ssRNA of 2.8 MDa (6).

Plants with CLN show severe yellowing of leaves, which
develops into necrosis beginning at the tips and edges of the leaves
and progressing inward. Plants of many corn lines, particularly
inbreds, develop a severe, often fatal disease if they become doubly
infected when young.

The primary goal of this study was to determine if the concen-
trations of MCMV and MDMYV-B were higher in plants with
mixed infections than in those with single infections. The effect of
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the disease on chloroplast and cytoplasmic rRNAs, a biochemical
index of cell damage, is also reported because this information was
available as a byproduct of the MCMYV assay.

A preliminary report of these results has appeared (14).

MATERIALS AND METHODS

Viruses. To eliminate possible contaminants, the MCMYV stock
isolate was obtained from plants inoculated with a solution
removed from the virus zone of a sucrose gradient and diluted to
near the dilution end point. MDMV-B (type strain) was obtained
from S. Jensen of this department. The viruses were propagated on
maize inbred B73Ht plants grown in a greenhouse. B73Ht is
moderately susceptible to CLN and has ranked as more susceptible
than 60% of inbreds tested in the NCR2 regional uniform inbred
nursery over the last 5 yr (Brakke, unpublished data). To reduce
the chances of contamination, virus cultures were started anew at
monthly intervals from dried leaves kept over CaCl; at 4 C. Five
plants (B73Ht) were grown per 10-cm pot, inoculated by leaf
rubbing 10-12 days after planting when they were in the early
three-leaf stage, and harvested 6, 10, and 15 days after inoculation.
Sap from virus-infected leaves was used for inoculum after dilution
in water to about 1:5 for MDMV-B and 1:15 for MCMYV and
addition of a few percent Celite.

MCMYV purification. Infected leaves were harvested 12-15 days
after inoculation and ground in 0.1 M KoHPOs (1 g per3ml)ina
blender for 2 min. The extract was filtered through cheesecloth and
centrifuged in a Beckman J21B centrifuge with a JA20 rotor for 5
min at 8,000 rpm at 5 C. One-molar CaCl, (1/50 volume) was
added to the supernatant, which was stirred for 20 min, and then



centrifuged for 10 min at 10,000 rpm. After addition of Triton
X-100 to 2%, the supernatant was floated on a pad of 20% sucrose
in 0.01 M sodium acetate, pH 6.0 (buffer A), and centrifuged for
2.5 hr at 28,000 rpm in a Beckman Type 30 rotor. The pellet was
suspended in buffer A and clarified by centrifugation for 10 min at
10,000 rpm. The supernatant (2-4-ml aliquots) was floated on
sucrose gradients (5,9, 9, and 9 ml of 100, 200, 300, and 400 mg of
sucrose per milliliter) in buffer A and centrifuged for 2.5 hr at
25,000 rpm, at 5 C in the Beckman SW28 rotor. The virion zone
was removed with a bent needle and syringe and placed on a second
gradient (5,9, 9, and 9 ml of 300, 400, 500, and 600 mg of sucrose
per milliliter in buffer A) and centrifuged for 14—16 hr at 25,000
rpmat 5 C. The virion zone was collected and dialyzed against 0.01
M sodium acetate, pH 6.0, with | mM MgCL (buffer B) and
0.05-0.19% chloroform. Virions were pelleted by high-speed
centrifugation and suspended in buffer B. Ultraviolet absorption
spectra were determined on portions of these virus preparations
and other portions were dried to constant weight at 80 C in a
vacuum oven.

Spectral analysis. Absorbances were determined in a Cary
Model 14 recording spectrophotometer. For RNA determination,
one Azonm unit of purified MCMYV per milliliter was incubated for
12 hrat 25 Cin 1 M HCI (8) and centrifuged for 10 min at 10,000
rpm. The supernatant was hydrolyzed RNA. The pellet contained
protein which was washed with 1 M HCI, suspended in buffer A
with 1% sodium dodecyl sulfate (SDS), heated a few minutes at
60—100 C, and used for spectrophotometry. The absorbance of the
virions both in buffer A and after disruption in buffer A with 1%
SDS was also determined. Difference spectra were determined
with native virions in the sample cell and SDS-disrupted virions in
the reference cell (8).

Viral RNA and rRNA assays. The third leaf from the base and
the terminal leaf were harvested from 10-15 plants at 6, 10, and 15
days after inoculation with water only, MCMV, MDMV-B, or
MCMYV plus MDMV-B. The terminal leaf is defined as the
youngest leaf that was at least two-thirds expanded. This was leaf 4
at 6 days, leaf 4 or 5 at 10 days, and leaf 5 or 6 at 15 days after
inoculation. Leaves were stored in plastic bags at 4 C until assayed
within 2 days. Terminal and third leaves were assayed separately.
Leaves were cut into 0.5-cm segments and 1-g samples were ground
for 2 min in a cold mortar and pestle in 20 ml of buffer C (0.1 M
(NH4); CO;,0.3 M NH:Cl, | mM EDTA, and 1% SDS, adjusted to
pH 9.3 with NaOH) (7). The extract was filtered through Miracloth
(Calbiochem Corp.) and centrifuged for 10 min at 10,000 rpm in
the Beckman JA20 rotor. After addition of Triton X-100to a final
concentration of 1%, a 200-u1 sample of the supernatant
(corresponding to 9.5 mg of tissue) was layered on a gradient
composed of 0.5, 1.1, [.1,and 1.1 ml of 75, 150, 225, and 300 mg of
sucrose per milliliter of NaGPS buffer (0.05 M Na,HPO:, 0.3 M
NaCl, 0.1 M glycine, and 1 mM EDTA, pH 9.4) (12) and
centrifuged for 3 hr at 54,000 rpm at 15 C in the Beckman SW60
rotor. Each extract was analyzed on two gradients. The gradients
were scanned with an ISCO Model UA-5 densitometer. Areas of
the peaks were measured with a planimeter and converted to
milligrams of RNA per gram of leaf tissue assuming an Azsonm 0f 25
for | mg of RNA per milliliter (4,5). Experiments were repeated
three times. Each experiment included triplicate sets of 10-15
plants from which leaves were harvested and assayed separately.
Leaves were cut into segments and randomly selected portions
were assayed for MCMV-RNA plus rRNA, MDMV-B by ELISA,
and chlorophyll.

Viral RNA infectivity. Gradient column purified MCMV RNA
was diluted 1:1in 0.05 M K;HPO4, 0.05 M glycine (pH 9.0), 100 ug
of bentonite per milliliter (buffer D), and a few percent Celite and
rubbed on corn plants in the five-leaf stage (7). Symptoms were
noted 15 days after inoculation and the presence of the virus was
confirmed by partial purification and SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) of the viral protein (21).

ELISA. Leaves of MDMV-B and doubly infected plants as
described above were ground for 2 min in 0.01 M phosphate, pH
7.0 (1 g per 10 ml), with a mortar and pestle. The extract was
centrifuged for 10 min at 10,000 rpm and the supernatant carefully

removed. Dilutions were made in phosphate buffer in twofold
steps from 1:100 to 1:12,800. ELISA was performed as described
by Clark and Adams (11) with the modifications of Jensen et al
(20). Nunc brand microtiter plates were coated with 1gG from
antiserum to MDMYV-B at a concentration of 2 ug/ml. Enzyme-
IgG conjugate was used at | pg/ml. MDMV-B antiserum, IgG,
and IgG-alkaline phosphatase conjugate were prepared by M. K.
Palomar. A standard curve was established for each set of assays
with purified MDMV-B.

Chlorophyll assay. Leaf samples of 0.2 g were ground in 5 ml of
aqueous 80% acetone in a mortar and pestle for 1 min and diluted
to a final volume of 20 ml (1:100) with aqueous 809 acetone. The
extract was centrifuged for 10 min at 10,000 rpm at 5 C and the
absorbance of the supernatant was measured on a Cary Model 14
recording spectrophotometer at 663 nm (chlorophyll a) and 645
nm (chlorophyll b). The concentration of chlorophyll a and
chlorophyll b were converted to milligrams of chlorophyll per
gram of leaf tissue (2).

RESULTS

MCMY purification. The extinction coefficient and RNA
content of MCMYV were determined after purification so that the
results of subsequent assays could be expressed per weight of virus.
Numerous clarification procedures were tested to optimize the
removal of plant components. These procedures were tested on
small samples (1 g) of leaf tissue and the results were assessed by
analytical density gradient centrifugation. Yields and virion purity
were always considerably reduced when these procedures were
scaled up for larger quantities. The procedure selected gave the best
and most consistent yields for larger amounts of tissue. Concen-
trations of virus at each purification step were determined by
analytical density gradient centrifugation assay of the RNA
released on suspending virions in 0.3 M potassium acetate, pH 8.0,
and 19 SDS for 30 min. Based on this assay, approximately 709 of
the virions were recovered after the first high-speed centrifugation,
40% after the first (10-409% w/v) sucrose gradient, and 20% after
the second (30—60% w/v) sucrose gradient.

Purified virus had only traces of host protein as detected by
Coomassie blue staining after SDS-PAGE (50 ug of virion protein
per gel lane). No host rRNA was detected in purified virions by
either density gradient centrifugation or nondenaturing RNA gel
electrophoresis (17). Approximately 80% of the total RN A present
in purified virions was recovered in the genomic RNA zone after
density gradient centrifugation (Fig. | Eand F); the remaining 20%
was heterogeneous and presumably was genomic degradation
products and subgenomic RNA, if such exists in MCMYV (Fig. |E
and F). Therefore, the weight of RNA recovered in the sucrose
gradient was multiplied by five to give weight of virions.

Spectral analysis of MCMYV. The extinction coefficient of
purified MCMYV was 6.7 cm’ mg ' at 260 nm (eight determinations,
range 6.55 to 6.73, average 6.66), Ao 280nm was 1.72, A, was 258
nm and An, was 240 nm (Fig. 2). The reported base ratio of
MCMYV RNA (15) gives a calculated value of 33.9 for the Assonm at
pH 2, based on the nucleotides present in 1 mg of RNA per
milliliter. From this value, dry-weight measurements, and the
absorbance of hydrolyzed RNA after | M HCl treatment, MCMV
contains 25% RNA, which agrees well with 25% RNA calculated
from an assumed |80 protein subunits of 24.6 kDa and one RNA of
1.47 MDa (22). Samples of MCMYV heated at 100 C for 3 min in
buffer A with 1% SDS showed little change in absorbance from
untreated virus (Fig. 2). HCl-precipitated protein dissolved in 1%
SDS in buffer A had a small absorbance peak at 280 nm.
Difference spectra between intact virus and SDS-disrupted virus
(Fig. 2) had small inflections at 286 and 295 nm indicating a small
amount of aromatic amino acids.

Concentration of virus in single and mixed infections. Assays
based on purified or partially purified MCMYV virions were
unreliable because of the low and erratic yields noted above.
ELISA assays of MCMYV preparations at successive dilutions gave
inconsistent results, possibly due to disruption of virions at high
dilution, which could not be interpreted as actual viral concentra-

Vol. 77. No. 2, 1987 163



tions. The MCMYV concentration was, therefore, determined by
measuring viral RNA present in density gradients of whole cell
RNA preparations. MCMV RNA sedimented faster than the cyto-
plasmic and chloroplast rRNAs and was easily detected in whole
cell nucleic acid preparations (Fig. 3).

The concentration of MCMV genomic RNA resulting from
single and mixed infections differed dramatically (Table 1, Fig. 4).
The MCM V-infected third and terminal leaves had concentrations
much lower than the corresponding CLN-infected leaves. Except
for the third leaf 6 days after inoculation, the CLN-infected leaves
had 1.7-5.4 times as much MCMV-RNA as did singly infected
leaves. All MCMV-and CLN-infected leaves, except the MCMV-
infected third leaf, had less MCMV RNA 15 days after inoculation
than at 10 days.

There was no consistent difference between singly and doubly
infected plants in the concentration of MDMYV-B determined by
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Fig. 1. Absorbance (254 nm) scans of centrifuged gradient columns with
extracts of corn leaves or of purified maize chlorotic mottle virus (MCMV),
The peaks are at depths expected for free ribosomal or viral RNA. Peak |
represents the 16 Sand 18 SrRNAs, peak 2the 23 SrRNA, peak 3the 28§
rRNA, and peak 4 the MCMV RNA. A. Anextract of a doubly (corn lethal
necrosis) infected plant in buffer C (0.1 M (NHi); CO;, 0.3 M NH.Cl,ImM
EDTA, 1% SDS pH 9.4). B. Anextract of doubly infected plantin NaGPS
buffer (0.3 M NaCl, 0.05 Na;HPOq, 0.1 M glycine, | mM EDTA, pH 9.4).
C. An extract of healthy corn leaves with purified MCMV added during
grinding in buffer C. D. An extract of healthy corn leaves with purified
MCMYV added during grinding in NaGPS. E. Purified MCMYV diluted in
buffer C. F. Purified MCMYV diluted in NaGPS. The same amount of
purified virus was present in samples placed on gradients C, D, E, and F,
representing purified virus from five times the amount of leaf tissue placed
on gradients A and B (demonstrating the loss of virions during
purification). The area of the MCMV RNA peaks corresponds to 20, 19,
20, and 19 ug virus for patterns C, D, E, and F, respectively. Centrifuged for
3 hrat 54,000 rpmat 15 Cina 7.5-30% (w/ v) sucrose gradient in a SW60
Beckman rotor.
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ELISA (Fig. 4). The concentrations of MDMV-B were 1.5-2.5
times higher 10 days after inoculation than 6 days after inoculation
and fell slightly by 15 days after inoculation.

Extracts from MDMV-B-infected plants were partly purified
and assayed by SDS-PAGE for inclusion body protein (66 kDa)
(19). There was no apparent change in concentration of the 66 kDa
protein in singly versus doubly infected plants (data not shown).

Effect of virus infection on rRNA and chlorophyll. There was
little change inamounts of 23 Sand 28 SrRNAsorinthe235/28 S
rRNA ratio of the MCMV and MDMV-B plants compared with
healthy plants (Table 1). However, the amount of 23 S rRNA and
the 23 S/28 S rRNA ratio was usually reduced slightly in CLN-
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Fig. 2. Absorbance spectra of purified maize chlorotic mottle virus A, in
buffer B, after disruption in SDS, and C, difference spectra.
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Fig. 3. Absorbance (254 nm) scans of centrifuged gradient columns
containing nucleic acids from maize leaves that were A, Uninfected, B,
Infected with maize chlorotic mottle virus (MCMYV), or C, With MCMV
and maize dwarf mosaic virus, strain B, (MDMV-B) representing corn
lethal necrosis. Each pattern has nucleic acid from 9.5 mg of leaves.
Centrifuged for 3 hr at 54,000 rpm at 15 C in a 7.5-30% (w/v) sucrose
gradient in the Beckman SW60 rotor. Peak | represents the 16 Sand 185
rRNAs, peak 2 the 23 S (chloroplast) rRNA, peak 3 the 28 S (cytoplasmic)
rRNA, and peak 4 the MCMV RNA, The concentration of MDMV-B
RNA was too low to be detected on the gradient column in pattern C.



infected plants. The occasional increase in concentration of 28 S
rRNA ona wet weight basis does not mean that each cell had more
28 STRNA because cells in infected leaves might have been smaller
than in healthy leaves. The standard errors in the rRNA
concentrations reflect primarily the variation from one experiment
to another rather than variation in the duplicate density gradient
centrifugation assays (Table 1).

A ratio of about 4:1 of chlorophyll a: chlorophyll b (milligram
per gram of leaf tissue) was observed in all infected and uninfected
leaves 6, 10, and 15 days after inoculation (data not shown). There
was no reduction in chlorophyll in infected leaves 6 days after
inoculation, but reductions were consistently found in infected
leaves 10 and |5 days after inoculation, with the largest reduction
(50%) in CLN-infected terminal leaves |5 days after inoculation
(Fig. 5).

MCMYV-RNA infectivity. MCMYV RNA recovered from sucrose
gradients was infectious and plants infected with it had typical
symptoms. Partial purification followed by SDS-PAGE of
proteins confirmed the presence of MCMYV virions in the RNA
inoculated plants. The 10-min thermal inactivation point of
MCMYV RNA was 85 C in buffer D.

Stability of MCMYV. Tissue contained more viral RNA than
could be accounted for in terms of virion yield. This could reflect

TABLE 1. Concentrations” of ribosomal and maize chlorotic mottle virus
(MCMV) RNAs in plants with MCMYV only, with maize dwarfl mosaic
virus, strain B(MDMV-B). or with both viruses (corn lethal necrosis, CLN)

Post-inoculation

day, leaf location, m MCMV
and treatment 23 SrRNA 28 STrRNA 28 SrRNA RNA
Day 6
Third leaf
Healthy 0.19+0.01" 028+0.02 0.68+0.03 000
MCMV 018001 029+0.03 0.63£005 0.02+0.01
MDMV-B*  021£0.01 0.37+005 0.57+0.05 o
CLN 0192002 03212002 060+0.04 0.02+0.01
Terminal leal
Healthy 025+0.01 045£003 058005 0.00
MCMV* 025002 039+0.04 065004 0.03+0.01
CLN 022+0.02 046+0.02 047£0.04 0.07£0.03
Day 10
Third leaf
Healthy 0.14%20.02 0224004 0622003 0.00
MCMV 0132001 022002 0.60£004 0.07%0.01
MDMV-B* 0172001 027002 0.64+0.05
CLN 0.1220.01 027+002 0472004 0.18+0,04
Terminal leaf
Healthy 0.19+0.02 0372003 0.50+0.03 0.00
MCMV 0.19%£0.02 0.38+003 051+0.03 0.05+0.01
MDMV-B*  0.19£0.00 0.41+002 0.45+0.02 0
CLN 0.14%2001 038+003 0.38£003 027005
Day 15
Third leaf
Healthy 0.10£0.01 0172002 065+0.08 0.00
MCMV 0.10+£0.01 0192001 055+£005 0.09+0.02
MDMV-B®  0.13+0.02 026001 0.50+0.06
CLN' 0.10£0.01 022+0.02 041+0.03 0.15+0.04
Terminal leafl
Healthy 0.20+002 040%0.02 051+£005 0.00
MCMYV 0.19+0.02 035£003 056+003 004001
MDMV-B"  0.20£0.01 046+003 0.44+0.02
CLN 0.16 2001 033+003 048+002 0.19+0.05

“Concentrations given in milligrams of RNA per gram (wet weight) of leaf

tissue.

"Mean and standard error of the mean for measurements made on three
gradient columns for each of three experiments, except where specified

otherwise.

“Mean and standard error of the mean of ratios calculated from areas of

23 S and 28 S rRNA peaks of each gradient.

“Values = mean and standard error of threc measurements for one

experiment.

“Values = mean and standard error of seven measurements for three

experiments.

"Values = mean and standard error of eight measurements for three

experiments.

degradation or loss of virions during purification or
unencapsidated MCMV-RNA in infected cells. In an attempt to
distinguish between these possibilities, extracts of infected leaves in
NaGPS buffer were assayed for viral RNA. Many viruses, e.g.,
tobacco mosaic virus, southern bean mosaic virus, and barley
stripe mosaic virus, are stable in NaGPS (7,12,25). whereas other
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Fig. 4. Concentration of virions in corn plants with single (MCMYV or
MDMYV) or mixed infection (CLN). A. Concentration (mg/g wet weight)
of maize chlorotic mottle (MCMYV) calculated as five times the amount of
viral genomic RNA measured by density gradient centrifugation analysis of
total nucleic acid. B. Concentration of maize dwarfl mosaic virus, strain B,
(MCMV-B) measured by ELISA. Concentrations are given for leafl three
(-3) and the youngest or terminal (-T) leaf at 6, 10, and 15 days alter
inoculation.
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Fig. 5. Concentrations of chlorophyll a in milligrams per gram of leaf tissue
for the third leaf A and terminal leal B of corn plants 6, 10, and 15 days after
inoculation with (1) buffer (healthy), (2) maize dwarf mosaic virus, (3)
maize chlorotic mottle virus, or (4) a mixture of the two viruses (corn lethal
necrosis).

Vol. 77, No. 2, 1987 165



nucleoproteins, such as ribosomes, are not. The RNAs released
from these nucleoproteins are stable in NaGPS buffer, which is an
effective inhibitor of leaf RNase. MCMYV virions were unstable in
NaGPS; as much MCMV RNA was found in extracts of infected
leaves ground in NaGPS buffer as in those ground in SDS-
containing buffer (buffer C) (Fig. 1). Similar results were obtained
when purified virus was added to healthy leaves before they were
ground, and when purified virus was diluted into NaGPS buffer or
buffer C (Fig. 1).

Additional indications that at least a portion of the MCMV
virions are unstable were given by the difficulty of scaling up
purification procedures and by the repeated observation of two
zones in 30-609% (w/v) sucrose gradients. Only the lower zone
fluoresced in the presence of ethidium bromide, suggesting that it
contained swollen, permeable particles. In addition, particles of
the lower zone in the sucrose gradient were more thermally labile
than those of the upper zone.

DISCUSSION

Difference of MCMYV from sobemoviruses. MCMYV has been
assigned to the sobemoviruses on the basis of its morphology,
molecular weights of RNA and capsid protein, and beetle
transmission, in which it resembles the type member, southern
bean mosaic virus (SBM V) (15,29). MCMV differs from SBMVin
its lack of seed transmission (3).

Our observations indicate additional differences between
MCMYV and SBMV. The apparent instability of MCMV during
purification is unusual for a virus with a high dilution end point
(10°~10"*) and thermal inactivitation point (85 C) (15). In contrast
to the erratic instability of MCMV, SBMV has been the most
consistently stable virus worked with in this laboratory. A second,
but possibly related difference, is the lower concentration of
aromatic amino acids in MCMYV than in SBMV. The difference
spectrum of SBMV (not shown) indicates that it has more than
twice as many aromatic amino acids as MCMYV (Fig. 2) or brome
mosaic virus (spectrum not shown). For SBMV and brome mosaic
virus, this conclusion is supported by published data (1,13). The
low concentration of aromatic amino acids in MCMV, shown by
inflections at 286 and 295 nm in the difference spectrum, may
contribute to the instability of the virions because aromatic amino
acids have been implicated in protein-nucleic acid interactions
(10,16). This difference in stability is directly illustrated by the
disintegration of MCMV in NaGPS buffer in which SBMV
remains intact (7). Finally MCMV differs from SBMV in
extinction coefficient (5.8 for SBMV, 6.7 for MCMYV), and in
percentage of RNA (219 for SBMV, 25% for MCMYV).

Estimation of RNA content from A2s0/280nm ratios is unreliable
for viruses with low content of aromatic amino acids such as
MCMYV and brome mosaic virus. The estimation of RNA content
of MCMV reported here is based on determinations of virus
concentration by dry weight and of separated, hydrolyzed RNA by
absorbance.

Effect of disease on chlorophyll. The chlorophyll results (Fig. 5)
indicated less reduction than expected from the appearance of the
leaves. The terminal leaves of doubly infected plants were bright
yellow at 10 and 15 days after inoculations and appeared to have no
chlorophyll, but assay showed they had 50% as much chlorophyll
as healthy leaves. Although doubly infected third leaves had mild
symptoms they had relatively high concentrations of MCMV
(0.6-0.7 mg per gram of tissue) (Figs. 4 and 5) and about a 25%
reduction in chlorophyll.

In contrast, MCMYV singly infected terminal leaves developed
only mild symptoms late in infection. The chlorophyll assay
showed only a 5% reduction from healthy leaf tissue accompanied
by a low virion concentration of less than 0.25 mg per gram (Figs. 4
and 5).

At 20 days after inoculation, mild symptoms continue on
MCM V-infected leaves, but the doubly infected leaves become
necrotic at the tips and the edges and the plants were stunted.
MDMV-B maintained a noticeable mosaic through 20 days
post-inoculation.
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Effect of mixed infection on virion concentration and rRNA.
The effects of dual infection with MCMV and MDMYV resembled
the results of Rochow and Ross (27) with PVX and PVY. In both
systems, there were large increases of one virus (PVX or MCMYV)
and no corresponding increase of the potyvirus (PVY or MDMV-
B). The higher concentration of MCMYV in the mixed infection
could be due either to a higher concentration of virus in each
infected cell or to infection of a higher proportion of cells thanina
singly infected leaf. If the first hypothesis is correct, then
MDMV-B may suppress the regulatory system that normally
would limit the concentration of virus in a cell, as suggested by
Ross (28). If the second hypothesis is true, then MDMV-B would
facilitate movement of MCMYV from cell to cell.

Itis likely that the increased MCMYV concentration accounts for
the synergism seen in mixed infections and for the severe symptoms
of CLN as compared with the relatively mild symptoms and low
concentration (less than 0.4 mg of virus per gram of leaf tissue) of
MCMYV and MDMYV. There was little change in MDMV-B concen-
tration in plants with mixed infection.

Even though leaves of doubly infected plants were yellow 10
days after inoculation and were yellow with necrotic edges 15 days
after inoculation (and by then contained about one-third as much
viral RNA as total rRNA) there was still relatively little change in
their rRNAs. The 23 S/28 S ratio of rRNA provides information
on the differential effects of the disease on chloroplast and
cytoplasmic ribosomes and is independent of grinding errors and
the number of plant cells per gram of tissue. The primary effect of
MCMYV infection, either alone or with MDMV-B, does not seem to
be on either chloroplast or cytoplasmic ribosomes.

The RNA extraction procedure in a high salt, high pH buffer
allows for rapid and simultaneous analysis of the concentration of
MCMV and rRNA on gradients. This assay measures intact
genomic RNA (Fig. 3), whereas an assay based on partly purified
virions (Fig. 1) measures encapsidated (degraded as well as intact)
RNA, and ELISA measures capsid protein whether part of a virion
ornot. Agreement between these assays may conceivably vary with
the stage of infection and environmental conditions which might
influence either efficiency of encapsidation or in vivo degradation
of the viral RNA.
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