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ABSTRACT

Watermelon mosaic virus 2 (WMV 2) and cucurbit 
latent virus (CLV) were always found together in cucurbit 
samples from commercial fields in Arizona. Attempts were 
made to separate these 2 viruses by rate of thermal 
inactivation, dilution endpoint, longevity in vitro, phenol 
extractions and density gradient centrifugation*

A total of 80 pumpkin plants, inoculated with sap 
exposed to the treatments named above, were bioassayed on 
pumpkins and Chenopodium amaranticolor (Costa 8c Reyn)* In 
every case sap from pumpkins with symptoms of WMV 2 caused 
local lesions on (% amaranticolor and mosaic symptoms on 
pumpkin * In no case did sap from symptomless pumpkins 
cause either local lesions on <3 * amar anticolor or mosaic on 
pumpkin;. If 2 viruses exist as reported, one would have 
expected to find some symptomless pumpkin plants containing 
an infectious virus capable of producing local lesions on 
C. amaranticolor. In addition one would also have expected 
to find pumpkins with mosaic symptoms, the sap from which 
would not cause local lesions on C. amaranticolor.

An infectious agent isolated from (3. amar ant icol or 
with phenol extractions produced abundant red-bordered - 
local lesions on Cy amaranticolor and in one case mosaic 
symptoms on pumpkin. Of the pumpkins inoculated with the

vii



viii
phenol extract only sap from the one with mosaic symptoms 
caused local lesions when rubbed on <0 „ amaranticolor 
leaveso No other method was successful in transmitting 
virus from C_0 amar anticolor to pumpkin although routine 
transfers from (3« amar anticolor to <C« amar anti color were 
successfulo

Two conclusions may be drawn from the experiments: 
(l) either WMV 2 and CLV are the same virus and <0, amar- 
anticolor and cucurbits (pumpkins and cantaloups) are 
differentially susceptible to the virus, or (2 ) if there 
are two viruses there is some relationship between them 
which makes it difficult or impossible for either virus to 
multiply in the absence of the other» The former interpre
tation is favoredo



INTRODUCTION AND LITERATURE REVIEW

Mosaic virus diseases have been a recognized 
problem in desert cantaloup producing areas at least since 
1928 (19)0 Mosaic viruses infecting cucurbits are world 
wide in distribution«, having been reported from Hungary 
(20, 21), India (ll), Israel (6 ), Japan (13) 9 Mexico (lO,
17? 4l) and South Africa (32) « In the United States virus 
diseases of cucurbits have been reported from Arizona (7,
25} 26, 37} 38), California (8 , 1 0 , l8 , 19), Florida (l), 
Georgia (23), Hawaii (3l), Texas (l6 ), Washington (30) and 
Wisconsin (15).

Virus diseases have been shown to be a major disease 
problem of spring grown cantaloups in Arizona (2 6 ) 0  The 
presence of watermelon (WMV) and cucumber mosaic viruses 
(CMV) has been consistently correlated with the reduction 
of cantaloup yields in Arizona (24, 25} 26), While water
melon mosaic virus infection of cucurbits at an early age 
rarely causes death, yield may be affected. On the other 
hand, cucumber mosaic virus infection at an early age often 
results in the death of the cantaloup plant and usually 
results in greater yield reduction than when only watermelon 
mosaic virus is involved. Death of the cantaloup plants 
infected with viruses seems to be the result of a combina
tion of stresses placed on the plant by the virus infection



and maturation of fruit. At or near fruit maturation
plants may enter an accelerated decline, exposing the
fruits to the sun and rendering them unmarketable (25)°

In 1956, thirteen isolates of viruses which were
infective on cucurbits, but not Nicotiana tabacum L . from
California, Florida and Wisconsin were critically studied
and separated into melon (watermelon) mosaic and squash
mosaic on the basis of their host range, physical and
antigenic properties and insect transmission (15)° Those
viruses in the squash mosaic group were not transmitted by
aphids, not inactivated after 10 minutes exposure to 60 C ,
or by aging for 28 days in vitro, and retained some

— — 5infectivity at a dilution of 1 x 10 -10 . Those viruses
in the squash mosaic group could not be mechanically 
transmitted to watermelon. Squash mosaic virus prepara
tions examined in the electron microscope showed images of 
polyhedral particles (15)° Those viruses in the melon 
mosaic virus group could be mechanic ally transmitted to 
watermelon; transmitted by the aphids, Myzus persicae Sulz., 
and Aphis gossypii Glover; infectivity disappeared after 10 
minutes exposure to 60 C, during 28 days aging in vitro, 
and at a dilution of 5 x 10  ̂ (1 5 )°

Other cucurbit viruses have been reported in the 
recent literature. Cohen and Nitzany (6 ) have reported the 
isolation of two viruses belonging to the melon mosaic 
group. They include the melon mosaic virus (MMV) and



squirting cucumber mosaic virus (SCMV) . Recent reports in 
the United States have reported the cucurbit latent virus 
(CLV) and watermelon mosaic virus (WMV) including "WHY 1 and 
WMV 2 (38, 39)• WMV 1 is a serologically distinct virus
not related to WMV 2.

The symptomatology of cucurbit viruses includes a 
wide range of manifestations. Light and temperature have 
been reported to influence the development of symptoms (9 )° 
Local lesions develop on some selected hosts outside the 
family Cucurbitaceae and on certain muskmelon breeding 
lines. The systemic symptoms caused by the viruses include 
chlorosis, necrosis, stunting, mottle and leaf distortion.

In 1964, Webb and Scott (39) reported testing ten 
different isolates of WMV on muskmelon breeding lines P. I. 
124112 and P. I. I80280. They found isolates which produced 
both necrotic local lesions and systemic infections on these 
lines. Based on the results of their experiments on host 
reaction, cross protection, and serological relationships, 
they reported that WMV consisted of two distinct viruses 
they designated WMV 1 and WMV 2.

Watermelon mosaic 1 and WMV 2 have been reported in 
the United States (42). Watermelon mosaic virus 1 isolates 
produce only local lesions on breeding lines P. I. 124112 
and P. Io 180280 and progenies of the lines designated 
(>33-3 (42). The WMV 2 isolates will not protect against 
WMV 1 isolates in cross-protection tests.



Molnar and Schmelzer (22) have reported two differ
ent strains of WM.V which they designated t!W a ,f and ,,K u « f1 
They based the differences of their isolates on sympto
matology and physical properties• Their isolates still 
produced local lesions on Chenopodium amaranticolor Costa & 
Reyn after 10 minutes exposure to 66 C . The longevity in 
vitro varied from one to twenty days (22).

General properties of cucurbit viruses described 
from various parts of the world are tabulated in Table 1 
and include general physical properties, morphology, host 
range, and insect vectors.

In 1961, Webb and Bohn described a virus latent in 
cucurbits (38). It produced no symptoms on cucurbits, but 
produced red-bordered, semi-systemic local lesions on (2. 
amaranticolor, believed to be a nonhost of W M V . Based on 
symptomatology, physical properties, and host range, they 
proposed the virus was distinct from WMV (WMV 2). Sub
sequently, Webb (40) reported GLV to be present in most of 
the cucurbit production areas of the United States and to 
be as prevalent as WMV 2 in virtually all isolations. 
According to W e b b , CLV has been demonstrated to have a wide 
host range (9, 38); CLV and WMV 2 may share a common host
reservoir as a source for primary inoculum; since both 
viruses appear in commercial muskmelon fields at the same 
time and always together.



Table 1 • Summary of the properties of certain watermelon mosaic virus isolates 
and cucurbit latent virus.

United States South Africa Hungary
Family WMV 1 WMV 2 CLV WMVX WMV

Amaranthaceae ao 0 0 6 0
Chehopodiaceae - - + 0 4-
Cucurbitaceae + + + 4* 4*
Euphorbiaceae o t 0 O 4-
Leguminosae - + t 4* 4-
Malvaceae o -f- + O 4.
Solanaceae - - - - -

Umbelliferae o 0 0 O 4-
Insect vectors

Myzus persicae t 4* 4- 4-
Aphis gossypii 4“ + t 4- O

Particle morphology rod rod sphere rod rod
Physical properties

10“3 _4 _ 4Dilution endpoint 10 10 10 10
Thermal inactivation 55 c 55 C 50-55 c 60-65 C 60 c
Longevity in vitro 50 days 50 days 2-3 days 16 days 2-3 days

^Symbols for table are as follows: o = not reported as tested, - = tested but
negative results, -+ = reported as known host or positive transmission.

in



Foster and Webb (9) have reported the recovery of 
CLV from symptomless cucurbits« In contrast to this report 
are the reports of Cohen and Nitzany (6 ) from Israel and 
Molnar and Schmelzer (22) from Hungary» They reported the 
finding of WMV isolates that produced local lesions on Ĉ o 
amaranticolor similar to those produced by C L V . Cohen and 
Nitzany (6 ) felt that their isolates were not contaminated 
with CLV, since they never obtained positive results from 
Phaseolus vulgaris L . v a r „ Pinto inoculations„ Molnar and 
Schmelzer (22) found that some of their WMV isolates 
transmitted by aphids produced local lesions on (% amar- 
anticolor as well as C_= quinoa o The isolate l!W a n which was 
not aphid transmissable also produced local lesions on <3 „ 
amaranticolor« No American investigators have reported 
isolates of WMV which produce local lesions on (3« amar anti- 
color (27, 30, 37, 38).

The host range of CLV, WMV 1 and WMV 2 has received 
extensive study. Since WMV 1 has been demonstrated to be 
limited to the Cucurbitaceae, its survival from one year to 
the next may depend on native cucurbits. It has been 
prevalent in Mexico, Florida, and Texas in some years, but 
has not been reported from the southwest cucurbit produc
tion areas of Arizona (4l).

Watermelon mosaic virus 2 and CLV, because of their 
extensive host range outside the Cucurbitaceae may over
winter in some other host. Susceptible hosts for WMV 2



have been reported from the following five families: 
Chenopodiaceae, Cucurbitaceae, Leguminosae, Malvaceae, and 
Umbelliferae (5 ? 1 0 , 38). Molnar and Schmelzer (22) have
added host species from the following eight families: 
Aizoaceae, Amaranthaceae, Compositae, Hydrophyllaceae,
Papaveraceae, Plant aginac eae, Ranunculac eae, and 
Valerianaceaeo Anderson (1 ) has reported that Melothria 
was prevalent in Florida where WMV occurred» This host 
could be an important source of the virus; but Grogan (10) 
has reported that Melothria is not the source of WMV in 
Californiao Possible non-cucurbit sources include sour 
clover (Melilotus indiea A l l ), Melilotus officinalis Las, 
and cheeseweed (Malva parviflora L .). Malva infected with 
WMV 2 and CLV produced yellow mottling and spotting of 
leaves• When the sap from infected leaves from Malva were 
inoculated to cucurbits, mottling and leaf cupping typical 
of WMV was observed (10)® Such transfers also induced 
local lesions on C_« amar anticolor (5 ) °

The movement of WMV 2 from noncucurbit reservoirs 
occurs in the Arizona cantaloup production areas following 
the spring buildup of aphids in February and March (?)« 
Cucurbit latent virus, WMV 1 and WMV 2 are transmitted by 
the melon aphid (Aphis gossypii Glov) and the green peach 
aphid (Myzus persicae Sulz) (10 )» Molnar and Schmelzer 
(22) have reported that Aphis fabae Scop was a vector of 
their f,Kuf1 isolate. Hariharasubramanian and Bedami (11)



have reported that Aphis laburnii Kalb and Aphis sp were 
also effective as vectors. The white fly (Bemissia tabaci 
Genn) (6 , ll), cucumber beetle (Diabrotica sp Mann) (10) <> 
and Epilachna Chrysomelina (6 ) have been reported not to be 
vectors of W M V » Neither of the watermelon mosaic viruses 
has been demonstrated to be seed borne (10 9 15)»

The purification of WMV by centrifugation has been 
reported by van Regenmortel (32 9 3W  and Webb and Scott
(42). The use of granulated agar and zone electrophoresis 
has also been reported by van Regenmortel for purification 
(32, 35)« The purification attempts of Webb and Scott ,(42) 
were successful only for WMV 1 . Using the same procedure, 
they were not able to purify WMV 2 (42). Carter (5) has 
reported the purification of CLV using borate buffers.

Following purification of WMV antisera were pro
duced to the isolates by various workers (34, 42). Van 
Regenmortel et a l . (34) reported the production of an
antiserum with a titer of 1:16,000. In cross reaction 
tests, they found that WMV from South Africa was distantly 
related to potato virus Y and bean yellow mosaic virus 
(34). Webb (42) obtained antiserum to a South African 
isolate of W M V „ He found that the antiserum did not react 
with either WMV 1 or WMV 2. Webb (42) has been successful 
in preparing an antiserum to WMV 1 which reacted specifi
cally with only WMV 1 isolates. Hariharasubramanian and 
Badami (ll) have reported their isolate of a cucurbit virus



9
did not react to WMV antiserum obtained from California•
The results of the serological tests indicate that there 
may be several distinct viruses in the WMV group of viruses„

Carter (5 ) has reported that electron microscopic 
images reveal that CLV is a spherical particle with a 
diameter of 28-30mu using polystyrene latex as an internal 
standard»

Preliminary electron microscopic investigations of 
WMV have shown the virus to be a filamentous rod 700-800mu 
x 13mu (32)0 Polystyrene latex was used as an internal 
standard. Later investigations of WMV using tobacco mosaic 
virus (TMV) as an internal standard demonstrated the virus 
to have an average length of 725hiu based on the measurement 
of 3^0 particles (2). Webb and Scott (43) reported that 
both WMV 1 and WMV 2 were filamentous particles. Molnar 
and Schmelzer (22) have found their isolates to be thread
like particles with an approximate length of 700-800mu.
They made further electron microscopic investigations of 
leaves of C_0 amaranticolor or Cy quinoa inoculated with 
isolate ,fW a.ft Thread-like particles existed only in the 
area of the local lesions, not in uninfected tissue.

This investigation was undertaken to develop 
purification methods for WMV 2, and tonstudy the identity 
of certain viruses described from cucurbits. Reliable 
techniques were needed for separating WMV 2 from CLV before 
further comparisons and critical work could be done on the



properties of WMV 2« The work reported is primarily 
result of work done in attempts to separate these two 
viruses•



MATERIALS AND METHODS

Sources of Virus Isolates
The virus isolates used in this study were obtained 

from infected cantaloups and watermelons from the Yuma, 
Gila, Dome and Salt River Valleys of Arizona» Isolate M-9 
was from the Salt River Valley, isolate WMV~K was from the 
Yuma Valley, and isolate WMV 7-Y was from the Gila and Dome 
Valleys. The isolates were maintained in PMR-45 (Cucumis 
melo Lo varo cantalupensis), small sugar pumpkin (Cucurbita 
pepo L ), and caserta bush squash (Cucurbita pepo L ).

The differential cucurbit hosts, P .I . 1 24112 and
Pol, 180280, which were used by Webb and Scott (39) and <3, 
amaranticolor were used as indicator hosts to determine the
identity of the virus or viruses in the isolate being 
studied. All isolates were tested serologically to detect 
the presence of contaminating squash mosaic virus. After 
the identity of the virus had been determined, the virus 
was increased in PMR-45 cantaloup or small sugar pumpkin,

Physical Properties
The previously reported physical properties of WMV

2 (34) were compared with those of CLV as reported by Webb
(38)0 The properties that appeared to be different, such 
as dilution end point and thermal inactivation, were used
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to attempt a separation• The dilution end point studies 
were attempted using 1 g of WMV 2-CLV infected cantaloup 
tissue ground in 9.0 ml 0•1M pH 7•0 buffer and
squeezed through a double layer of moistened cheesecloth,
An aliquot (1 ml) was pipetted into 9•0 ml buffer (1:10 
dilution). Serial dilutions of 1:100 and 1:1000 were 
prepared. Then, 1 ml of the 1:1000 dilution was pipetted 
into 1 ml buffer (1:2 dilution) and serial dilutions were 
made to 1:2048 from the 1:1000 dilution. The aliquots of 
the various dilutions were inoculated onto carborundum 
dusted cantaloup, pumpkin and (3 . am ar ant icol or leaves. The 
thermal inactivation attempts were conducted at 50, 55 ? and
60 C . One gram of WMV-2-CLV infected cantaloup tissue was 
ground in 9 ml 0 .1M P0^ pH 7«0 buffer and placed in test 
tubes in a water bath for 0 , 5 ? 1 0 , 1 5 , 20, 25 9 30 and 35
minutes. The samples were removed and chilled in ice, then 
inoculated to pumpkingand Cy amaranticolor. The longevity 
in vitro studies were conducted by grinding WMV 2-CLV 
infected tissue in buffer and letting it remain on the lab 
bench top at room temperature. Samples were taken at 0 hr, 
6 hrs, 1 day, 3-1/2 days, 7 days, 10 days and 20 days and
inoculated to pumpkin and Ĉ . amar ant icolor.

Separation Experiments
Various physical methods were used in attempts to 

separate CLV and WMV 2. Agar columns (29, 33)? which



separate viruses according to particle size, were used»
The agaT columns were prepared by grinding 4% Ion IT agar 
in a Waring blendor for 10-15 seconds. The agar particles 
were washed through a 35-mesh screen and trapped on a 60- 
mesh screen. Particles larger than 35 mesh were ground 
until they passed through the screen. The agar was added 
to a sintered gLass bottom chromatography column and 
equilibrated with 1 liter of 0 .01M, pH 6 .7 citrate buffer.
A clarified virus preparation (25-30 ml) was placed on the 
column and eluted with 0.01M, pH 6.7 citrate buffer. 
Aliquots (5 ml) were collected at a flow rate of 10 ml per 
minute in a fraction collector. The fractions were read at 
260mu in a Gilford spectrophotometer utilizing a Beckman DU 
monochromator to determine absorbancy. The aliquots were 
checked for inf ectivity on pumpkin and (3. amaranticolor .

Hebert1s (12) technique for purifying soil-borne 
wheat mosaic by polyethylene glycol PEG 6000 (trade name 
Carbowax, product of Union Carbide Chemical Co.) was used 
in an attempt to separate WMV 2 from CLV. The method in
volved adding an increasing percentage by weight of PEG 
6000 and increasing molarity of sodium chloride to a 
clarified preparation of WMV 2 and CLV. After each addi
tion of PEG 6000 and NaCl, the preparation was centrifuged 
at 10,000 rpm for 10 minutes. The pellet was resuspended 
in 0 .1M, pH 7•0 phosphate buffer and assayed for infec
tivity. A portion of the supernatant was also assayed for



infec tivlty on PMR- 45 cantaloup and <3 « amar anticolor. To 
the remaining supernatant was added the next concentration 
of PEG 6000 and NaCl and then centrifuged« The procedure 
was repeated 3 times until the desired concentration of 
salts was finally obtained.

When Malya parviflora was infected with WMV 2 and 
CLV\ chlorotic lesions developed randomly on leaves of the 
plant. Single lesion isolations were attempted by removing 
the yellow chlorotic lesions with gelatin capsules, 
grinding them on glass spatulas and rubbing the macerate 
on carborundum dusted cantaloup cotyledons and (3. amaranti
color leaves. Single lesion isolations were also made from 
C, amaranticolor. The individual lesions were ground on 
glass spatulas in 0.02M, pH 8 .5 borate buffer. A small 
amount of bentonite was added to inhibit the action of 
nucleases before rubbing the homogenate onto cantaloup 
cotyledons and <3. amar anticolor leaves.

Density Gradient Centrifugation
Sucrose density gradient centrifugation was used in 

attempts to separate WMV 2 from CLV. The gradients were 
prepared by layering concentrations of Merck sucrose (100- 
500 g per liter of buffer) on top of each other as describe 
by Brakke (3 , 4). The buffer was usually 0 .02M, pH 8.5 
borate. Later, sucrose density gradients were prepared by 
layering decreasing molarities (2.0-0.1M) of sucrose. The



15
tubes were allowed to equilibrate overnight and then 0 o 5 ml 
of partially purified virus was layered on top of the 
gradient immediately prior to centrifugation. The tubes 
were centrifuged in the Beckman L-2 ultracentrifuge in the 
SW25 •1 rotor at 25 9 000 rpm for 3 hr or the SW 39 rotor at 
39 9 000 rpm for 1 hr. Two-drop fractions were collected 
from the bottom of the centrifuge tubes. They were each 
diluted with 1.0 ml borate buffer and read in the spectro
photometer at 260mu and 280mu. The absorption curves were 
compared with a tube.containing healthy tissue prepared in 
the same manner as the virus-infected tissue. The frac
tions showing maximum absorption at 260mu were assayed for 
inf ectivity on pumpkin and <C. amaranticolor plants .

Electron Microscopy
Purified virus preparations and fractions from 

density gradient centrifugation were examined in the 
electron microscope. The purified virus preparation was 
mixed with an equal volume of 2% phosphotungstic acid, 
pH 7.0. Carbon- or collodion-coated electron micrograph 
grids were either sprayed with a fine mist nebulizer or 
dipped into the purified preparations and the excess 
moisture removed with a filter paper. The preparations were 
then examined immediately in a Phillips EM-200 electron 
microscope.



Phenol Extractions
Phenol extractions were attempted from C_0 amaranti

color and pumpkin inoculated with isolate M - 9 ® Fifteen 
grams of amaranticolor tissue was homogenized in 100 ml
0o02M, pH 8 o0 borate buffer and 100 ml water-saturated 
phenol (Malinkrodt) in a chilled Omnimixer and clarified at 
2000 g in a clinical centrifuge. The supernatant was 
pipetted off and extracted with 0.4 volumes phenol and 
centrifuged at 2000 g . The phenol extraction was repeated 
once more and centrifuged. The supernatant was pipetted 
into a separatory funnel and washed 3 times with 3 volumes 
of ether. The excess ether was removed by suction with an 
aspirator. A few drops of 3^ acetate buffer 9 pH 4.0 was 
added and approximately 25 ml of cold 95% ethanol was added 
to precipitate the nucleic acids. The preparation was left 
in the refrigerator overnight and centrifuged at 2000 g.
The pellet was resuspended in 0 .02M, pH 8.0 borate buffer 
and clarified. The preparation was inoculated to pumpkin 
and C . amaranticolor.



RESULTS

Physical Properties
Initial experiments designed to separate WMV 2 and 

CLV utilized reported differences in rates of thermal 
inactivation, longevity in vitro and dilution endpoint. The 
results of the rate of thermal inactivation are tabulated 
in Table 2. Local lesions typical of CLV* developed on CX 
amaranticolor at the same temperature and treatment as
systemic symptoms on pumpkin typical of WMV 2. Both 
viruses were infective after heating at 55 C for 30 
minutes, but were not infective after 35 minutes.

Five leaves of Cy amaranticolor and cotyledons of
5 pumpkin plants were inoculated with sap from symptomless 
pumpkins to determine if CLV was present. Sap from the
symptomless pumpkins from the rate of thermal inactivation
experiments were reinoculated to pumpkins and Ĉ . amaranti
color . When the same inoculum was mechanically rubbed onto 
pumpkin cotyledons, no visible mosaic symptoms developed.

In the longevity in vitro experiments, infectivity 
was demonstrated after 7 days on pumpkins, but not after
10 days. The results are tabulated in Table 3« Infectivity 
on C. amaranticolor was not demonstrated after 3-1/2 days. 
However when the pumpkin plants showing symptoms at 3-1/2 
and 7 days were reinoculated to 5 pumpkin plants and 5

17
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Table 2 » Rate of thermal inactivation of isolate M-9 as a 
function of temperature and time.

pumpkin
C o amaranticolor (total systemic

Temperature Time Ttotal local infections/10(c) (minutes) lesions/10 leaves) plants)

50 0 92 10
5 74 8

10 62 6
15 36 6
20 86 7

55 0 10 10
5. 4 4 .

10 4 4
15 2 2
20 3 3
25 5 5
30 3 3
35 0 0

60 0 10 10
5 0 0

10 0 0
15 0 0
20 0 0
25 0 0
30 0 0
35 0 0
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Table 3• The longevity of isolate M-9 at 20 C as deter
mined by infectivity to C_o amaranticolor and pumpkin.

Time
C . amaranticolor 
Ttotal local 
lesions/10 leaves)

pumpkin 
(total systemic 
infections/10 
plants)

0 hr s 23 10
6 hrs 3 7
1 day 20 3
3-1/2 days 0 3
7 days 0 3
10 days 0 0
20 days 0 0

Co amar anticolor leaves, they produced both local lesions on 
Co amaranticolor and mosaic symptoms on pumpkins• Inoculum 
from symptomless pumpkins did not produce local lesions on 
Co mmaranticolor,

The dilution endpoint experiments were conducted
3 times. The results are tabulated in Table 4« The dilu
tions were inoculated to C e amaranticolor, cantaloup and 
pumpkin. Local lesions on Ĉ . amar ant icol or developed at 
greater dilutions than either pumpkin or cantaloup except 
in experiment 3« In experiment 1 symptomless cantaloups 
inoculated with dilutions of 1:10 and 1:100 were assayed 
after 21 days on (X amaranticolor. No local lesions 
developed on CX amaranticolor typical of CLV, In experiment 
2 all pumpkin plants from a single pot not developing WMV 2
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Table 4. Attempts to obtain separate isolates of WiV 2 and CLV from isolate M-9 by dilution 
of infectious squash, extracts.

Experiment 1 Experiment 2 Experiment 3

Dilution
PMR-45
cantaloup

C. amaranticolor 
total lesions/# 
leaves pumpkin

C. amaranticolor 
total lesions/# 
leaves

C. amaranticolor 
1 total lesions/# 
pumpkin leaves

1 x 10-1 ' 5/i4a 2146/16 20/20 1539/20
!
■ 19/25 247/15

1 x 10“2 5/14 282/16 20/20 213/20 11/25 31/15
1 x 10~3 0/l4 4o/i6 20/20 37/20 7/25 4/15

-32 x 10 6/14 31/16 16/20 8/20 1/25 2/15
4 x 10-3 o/i4 15/16 15/20 0/20 : 1/25 3/15
8 x 10~3 o/i4 2/16 3/20 16/20 | 1/25 0/15

-41.6 x 10 o/i4 1/16 1/20 27/20 0/25 0/15
-43.2 x 10 0/7 2/16 0/20 20/20 0/25 0/15

 ̂ , -4 6.4 x 10 0/13 O/16 0/20 15/20 : 0/25 0/15
1.2 x 10~5 o/i4 0/16 1/20 14/20 0/25 0/15
2.5 x 10'5 0/13 2/11 0/20 9/20 1 0/25 0/15
5.1 x 10-5 0/13 0/11 0/20 7/20 0/25 0/15
1.0 x 10~6 0/10 0/13 0/25 0/15
2.0 x 10"6 0/9 0/12

-64.0 x 10 0/10 0/12

aThe number of plants showing typical WMV 2 symptoms of total number of plants.
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symptoms were assayed collectively for CLV on (3. amaranti
color o Of the 50 samples assayed 13 produced local lesions 
as described for CLV« Visible symptoms were found on 4 
pumpkin plants. Each symptomless plant in a pot was tagged 
individually^for identification purposes and reinoculated 
to 3 pumpkin plants and 5 leaves of C . amaranticolor. The 
results of these tests showed inoculum from symptomless 
plants produced no symptoms on pumpkins or local lesions on 
Co amaranticolor. In experiment 3 all symptomless plants 
from the 1:10, 1:100, 1:1000, 1:2000 and 1:4000 dilutions 
were assayed on 5 pumpkin plants and 5 leaves of (3. 
amaranticolor.

In Table 5 the results of inoculations from 71 
symptomless pumpkin plants and 9 pumpkin plants with symp
toms are summarized. These plants were obtained from 
previously described experiments. The results of these 
inoculations lends support that only pumpkin plants with 
visible symptoms typical of WMV 2 will produce local 
lesions on Ĉ. amar ant i col o r . In some cases in Table 3, 
such as numbers 1, 2, 3 9 11, 12, 21, 22, 23? 29, 30, these
plants had not developed symptoms at the time of the 
original inoculations; but upon subsequent examination 12 
days later, visible symptoms were observed in all cases. 
These results definitely show that CLV can not be isolated 
from symptomless pumpkin plants. Only sap from those



Table 5» Attempts to isolate cucurbit latent virus from symptomless pumpkin 
plants inoculated with isolate M-9 which had been, subjected to Various treatments.

Source of Inoculum

0 * amaranticolor 
total local 
lesions/no * of 
leaves

pumpkin 
total systemic 
infections/no. 
of plants

Temperature Inactivation 
1 . Isolate M-9 55 C for 30 minutes symptomless 94/5* 5/5*2 • Isolate M-9 55 0 for 30 minutes symptomless 103/5* 4/4*
3 o Isolate M-9 55 0 for 30 minutes symptomless 0/5 0/6

Longevity in vitro 
4. Isolate M-9 7 days symptoms 225/5 3/35• Isolate M-9 7 days symptoms 44/6 4/4
6 o Isolate M-9 7 days symptoms 20/6 7/77• Isolate M-9 7 days symptomless 0/5 0/38 o Isolate M-9 7 days symptomless 0/6 0/4
9 o Isolate M-9 7 days symptomless 0/6 0/31 0 o Isolate M -9 7 days symptomless * 0/7 0/31 1 o Isolate M-9 7 days symptomless 8?/5* 3/3*1 2 * Isolate M —9 7 days symptomless 43/6* 5/5*13- Isolate M-9 10 days symptomless 0/6 0/4

l4 * Isolate M-9 10 days symptomless 0/6 0/315- Isolate M-9 10 days symptomless 0/7 0/3l6 . Isolate M-9 10 days symptomless 0/6 0/4
17- Isolate M-9 10 days symptomless 0/6 0/318 * Isolate M-9 10 days symptomless 0/6 0/3
Dilution endpoint
1 9 - M -9 pumpkin 1/10 dilution symptoms 156/5 5/520 * M -9 pumpkin 1/10 dilution symptoms 186/5 5/521. M -9 pumpkin 1/10 dilution symptomless 600/5* 4/5*



Table 5--Continued

22. M
23. M
24. M
25. M
26. M
27. M
28. M
29. M
30. M
31. M
32. M 
3 3 - M
34. M
35. M 
36 . ' M
37. M
38. M
39. M
40. M
41. M
42. M
43. M
44. M
45. M 
46 . M
47. M
48. M
49. M
50. M
51. M
52. M 
53- M

-9 pumpkin 1/10 dilution symptomless 85/5* 5/5*
-9 pumpkin 1/10 dilution symptomless 500/5* 5/5*
-9 pumpkin 1/10 dilution symptomless 0/5 0/5
-9 pumpkin 1/10 dilution symptomless 0/5 0/5
-9 pumpkin 1/10 dilution symp tomless 0/5 0/5
-9 pumpkin 1/10 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptoms 239/5 5/5
-9 pumpkin 1/100 dilution symptomless 118/5* 4/5*
-9 pumpkin 1/100 dilution symptomless 196/5* 5/5*
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution sympt omless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/100 dilution symptomless• 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
.-9 pumpkin 1/100 dilution symptomless _ 0/5 0/5
-9 pumpkin 1/100 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptoms 80/5 5/5
-9 pumpkin 1/1000 dilution symptoms 112/5 5/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5, 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
-9 pumpkin 1/1000 dilution symptomless 0/5 0/5



Table 5--Continued

5 4 . M-9 pumpkin 1/1000 dilution symptomless 0/5 0/555. m-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
56. M-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
57. m-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
58. M -9 pumpkin 1/1000 dilution symptomless 0/5 0/5
59. M-9 pumpkin 1/1000 dilution symptomless 0/5 0/5
6 0 . M -9 pumpkin 1/1000 dilution symptomless 0/5 0/5
6 1 . M -9 pumpkin 1/1000 dilution symptomless 0/5 0/5
6 2 . M -9 pumpkin 1/2000 dilution symptoms 83/5 5/5
6 3 . M-9 pumpkin 1/2000 dilution symptomless 0/5 0/5
64. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
6 5 . M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
6 6 . M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
6 7 . M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
6 8 . M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
6 9 . M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
70. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
71. M-9 pumpkin 1/2000 dilution symptomless 0/5 0/572. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
73. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/574. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/575. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/57 6. M -9 pumpkin 1/2000 dilution symptomless 0/5 0/5
77- M -9 pumpkin 1/4000 dilution symptomless 0/5 0/5
7 8. M -9 pumpkin 1/4000 dilution symptomless 0/5 0/5
79. M -9 pumpkin 1/4000 dilution symptomless 0/5 0/58 0. M -9 pumpkin 1/4000 dilution symptomless 0/5 0/5

*Indicates those plants upon reexamination that showed visible mosaic symptoms 12 
days after original inoculations.
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pumpkin plants showing visible symptoms were capable of 
producing local lesions on C_= amaranti color „

Differential Hosts
Limited experiments with selected hosts of WMV 2 

were used to determine if there was a differential host 
that could be used to separate WMV 2 and C LV„ Watermelon 
(Citrullus vulgaris L 0) was inoculated with some isolates > 
because it has been reported to be less susceptible to 
CLV (40). When inoculated watermelons developed systemic 
symptoms of WMV 2«, infected leaves were homogenized and 
inoculated to pumpkin, cantaloup and C « amaranti color, 
Systemic symptoms developed in pumpkin and cantaloups and 
local lesions typical of CLV developed on the inoculated 
leaves of C_0 amar anticolor .

The common cheeseweed was inoculated with WMV-K and 
M - 9 « Systemic chlorotic lesions developed about l4 days 
after inoculation. Typical symptoms found on Malva and 
cantaloup are shown in Figures 1 and 2 . When the chlorotic 
lesions were removed with a gelatin capsule, ground in 0.1M, 
pH 7.0 buffer on a glass spatula and rubbed on cantaloup 
and Co amaranticolor. Systemic symptoms typical of WMV 2 
on cantaloups and typical local lesions were formed on C_. 
amaranticolor. The infected cantaloups were reinoculated 
to C Q amaranticolor and local lesions developed. The



Fig. 1 Malva leaves infected with isolate M - 9 . Top left, healthy leaf; top 
right, chlorotic systemic lesions; bottom left, early systemic infection; bottom 
right, advanced systemic infection.

toON



Fig. 2 PMR-45 cantaloup leaves infected with isolate M-9 30 days after inocula
tion. Top left, healthy leaf; top right, mild systemic mosaic symptoms; bottom 
left, mild mosaic symptoms; bottom right, severe mosaic symptoms. -̂x]
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Isolates were then reinoculated to Malva where once more 
the chlorotic local lesions developed•

Single lesion isolations were attempted from leaves 
of Cy amaranticolor as previously described. The source of 
inoculum produced local lesions on C_. amar anticolor, but no 
symptoms on cantaloups. Homogenized tissue from the 
symptomless cantaloups was rubbed onto C_o amar anticolor 
leaves and no symptoms developed.

The results of these experiments demonstrate that
WMV 2 could not be separated from CLV on the basis of
physical properties, host range and single lesion isola
tions . " -

Separation Experiment s
Agar columns were prepared and used. Clarified 

infectious cantaloup sap was poured on the columns and the 
fractions showing the greatest absorbancy at 260mu were 
assayed for infectivity. No symptoms of either WMV 2 or
CLV were observed on either cantaloup or (% amaranticolor.
Perhaps the sap was not concentrated sufficiently to cause 
infection on the assay hosts.

Infectious fractions of WMV 2 and CLV were obtained 
from Hebertfs techniques for purifying wheat mosaic virus 
with PEG 6000. A large number of lesions developed on (3. 
amaranticolor from each of the centrifuged pellets. When 
the supernatant was used as an inoculum local lesions were
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produced on amaranticoloro The results are presented 
in Table 6 .

Table 6 « Effect of concentration of polyethylene glycol 
6000 (PEG) and NaCl on the precipitation of watermelon 
mosaic 2-cucurbit latent complex„

Preparation ,
Treatmenta 
PEG 6000(%) NaCl(M)

C. amaranticoIon 
Number of local 
lesions

lo Crude homogenate 0 0 107
2 o Supernatant after 

2000 rpm 0 0 71
3 e Resuspended pellet 

after 2000 rpm 0 0 86
4 * Supernatant after 

10,000 rpm 2 0 11
5 • Resuspended pellet 

after 10,000 rpm 2 0 305
6 o Supernatant after 

10,000 rpm 4 0 4
7 - Resuspended pellet 

after 10,000 rpm 4 0 111
8 • Supernatant after 

10,000 rpm 4 0-1 11
9• Resuspended pellet 

after 10,000 rpm 4 HO 2
1 0 o Supernatant after 

40,000 rpm 4 0.3 0
1 1 - Resuspended pellet 

after 40,000 rpm 4 0.3 0

aFinal concentrations

Development of Purification Methods
Steere's (28) chloroform-butanol purification 

technique, Van Regenmortel1s (34) citrate buffer technique, 
Carter's (5) purification technique for CLV, Lawson's (l4)
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borate buffer technique for dahlia virus and Webb and 
Scott 1 s (42) procedure for purifying WMV 1 were attempted• 
The procedure finally used was a modification of Carter's 
method for purifying CLV and Lawson's method for purifying 
dahlia virus 2 « The method outlined in Table 7 produced an 
infectious WMV 2-CLV complex» An absorption spectrum of 
the partially purified virus is shown in Figure 3» Borate 
buffers seemed to cause less aggregation than when phos
phate buffers were used (5)0 A later attempt using the 
Webb and Scott technique with phosphate buffer and 0 ®1 
ascorbic acid was not very satisfactory. Pumpkin and squash 
tissue proved to be more suitable as a host for growing 
quantities of virus than cantaloup.

Density Gradient Centrifugation
Partially purified virus was used for the sucrose 

density gradient centrifugation. The results of several 
trials indicated that WMV 2 and CLV sedimented as a single 
entity with infectious fractions associated with healthy 
material (Fig. 4). Inf ectivity was demonstrated on (3. 
amaranticolor from these fractions but the same fractions 
inoculated to pumpkin did not produce symptoms (Tables 8 r 
9)o

Electron Microscopy
Electron microscopy of the purified preparations 

of M -9 showed images of thread-like, flexuous rods. Only
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Table 7« Flowsheet of technique used for purification of 
WMV 2-CLV.

Infected tissue (Small sugar pumpkin)
Homogenize in 0=02M borate buffer, pH 8 „5 
Filter homogenate through double layer cheesecloth 
Clarify at 8000 rpm for 15 minutes 
Retain supernatant

Acidify to pH 5«0 with 1 oON HCl 
Keep at 10 C for 30 minutes 
Readjust to pH 7 ° 0 with 1 * ON NaOH 
Clarify at 8000 rpm for 15 minutes 
Retain supernatant
Centrifuge at 30,000 rpm for 90 minutes 
Keep pellet

Resuspend pellets in 0 «, 02M borate , pH 8 . 5 
Clarify at 8000 rpm for 15 minutes 
Retain supernatant
Centrifuge at 40,000 rpm for 60 minutes 
Keep pellets

Resuspend pellets in 0 .02M borate, pH 8 «5 
Clarify at 8000 rpm for 15 minutes 
Retain supernatant-partially purified virus 

preparation»
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Table 8 • Infectivity tests of fractions from sucrose 
density gradients.

Fraction Number
Pumpk

Inoculated
in
Infected

C . amarant icolor 
Total lesions/# 
leaves

Tub e 1
M-9-2? 2 0 73/4
M-9-30 2 0 79/4
M-9-31 2 0 45/4
M-9-40 2 0 19/4
Tub e 2
M-9-21 1 0 9/6
M-9-25 1 0 57/6
M-9-29 1 0 45/5
M-9-30 1 0 26/5
M-9-46 1 0 45/4
Tube 3 N.
TMV-U1-5
TMV-U1-8

tabacum v a r . xanthi 
1000a 
1000

^Approximate number of local lesions per leaf

Table 9» Inf ectivity tests of fractions from sucrose 
density gradients »

C „ amaranticolor 
Cantaloup Total lesions on

Fraction Number Inoculated Infected 1 leaf
M-9-28-6oa 2 0 0
M - 9-29-60 2 0 0
M - 9-30-60 2 0 0
M - 9-32-60 2 0 8
M-9-24-90 2 0 0
M - 9-25-90 2 0 0
M-9-26-90 2 0 0
M - 9-29-90 2 0 5Purified M-9 2 0 0
Healthy pumpkin 2 0 0
^Isolate number, 
gradient

fraction number and time centrifuged in



35
a few particles were detectable and not clear enough for 
accurate measurements to be m ade„

Phenol Extractions
Phenol extractions of Cy amaranticolor leaves 

infected with M - 9 resulted in preparations infectious on 
Co amaranticolor (600 local lesions total for 7 leaves), 
while only 1 of 12 pumpkins developed symptoms typical of 
WMV 2, A typical absorption spectrum with a minimum at 240 
mu and maximum at 260 mu was obtained from M - 9 inoculated 
and noninoculated (3 « amar ant i color and pumpkins • Local 
lesions produced from the infectious mucleic acid extract 
on Co amaranticolor are shown in Figures 5 and 6 . The 
infectious agent is believed to be RNA« Phenol extractions 
made from infected pumpkin plants have not been infectious 
up to the present«,



Fig. 5 C_. amaranticolor inoculated with nucleic acid extract. Left: uninoculated
leaf; right: inoculated leaf l4 days after inoculation.

V)



Fig. 6 C. amaranticolor leaves inoculated with nucleic acid with added bentonite. 
Left: inoculated leaf with nucleic acid; right: inoculated leaf plus bentonite.

VJ-N]



DISCUSSION

Two virus diseases of cucurbits caused by WMV 2 and 
CLV have been reported from cucurbit growing areas in the 
United States « Where WMV 2 has been isolated, almost an 
equal number of isolates of CLV have been reported• In 
geographical areas where WMV 2 has been present, CLV has 
been reported also. In certain areas of Florida and the 
Culiacan Valley of Mexico only WMV 1 , but neither WMV 2 nor 
CLV has been reported.

It was of interest to note that C. amaranticolor 
has been reported a non-host of WMV (42). Nevertheless,
Webb (42) reported the recovery of WMV 2 one time from 
Co amaranticolor by aphids. Inhibitors could be present in 
the host plant that prevent successful virus transfers by 
mechanical methods. Routine sap inoculations in the green
house have been successful only from C_. amar ant icolor to <3. 
amaranticolor. However, successful transfers in routine 
tests have not been made from <C. amar anticolor to cucurbits. 
Phenol extractions of infected (% amaranticolor leaves pro
duced an infectious agent which when rubbed on <3. amar ant i - 
color leaves produced abundant local lesions and typical 
mosaic symptoms of WMV 2 in one out of many inoculations to 
pumpkin. The results indicated that WMV 2 was definitely 
present in C_. amar anticolor. Furthermore, transfers made

38
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from pumpkins inoculated with phenol extracts to Cy 
amaranticolor resulted in recovery of virus only from that 
pumpkin having mosaic symptoms» These data suggested then 
that there was only one infectious entity present which was 
responsible both for local lesions on <2 . amaranticolor and 
systemic symptoms on cucurbits» Data further suggested 
that these two hosts were differentially susceptible to the 
one infectious entity, WMV 2.

The dilution experiment was a further attempt to 
separate the two viruses if in fact two viruses were
present« At the greater dilutions (1/1000, 1/2000), if two
viruses were present one would expect sooner or later to
obtain a pure culture of at least one virus„ Such a
culture was never obtained. At the higher dilutions a 
majority of the pumpkin plants did not show mosaic symptoms. 
Only those plants with mosaic symptoms contained infectious 
virus which caused local lesions on Ĉ. amar anticolor and 
mosaic on cucurbits. There was a great variation in the 
time of mosaic development on cucurbits. This sometimes 
caused confusion because plants inoculated with diluted 
virus and read as symptomless subsequently developed mosaic. 
Thus several times the data indicated recovery of infectious 
virus from a symptomless plant. Double checking the 
source, however, always resulted in a change of designation 
from symptomless to a plant with visible symptoms.
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The results of the rate of thermal inactivation and 

longevity in vitro produced results similar to the dilution 
experimentso Only sap from those pumpkin plants with 
visible mosaic symptoms produced local lesions on C „ amar- 
anticolor and mosaic symptoms on pumpkin<, These experiments 
reinforced conclusions made as result of previous experi
ments o

Polyethylene glycol was used in an attempt to dif
ferentially precipitate the viruses« The individual 
fractions always had an infectious agent that produced 
local lesions on <C „ amar anti color *

In not one single case during these experiments was 
an isolate of either of the two viruses obtained. If two 
viruses were present one would have expected to find a 
culture of one or both of these viruses without the other 
as a result of one or more of the treatments to which these 
virus cultures were subjected. It was not reasonable to 
continue to maintain that two viruses (WMV 2 and CLV) were 
present. The conclusion of this work was then that only 
one virus existed in these cultures and this was WMV 2. 
Therefore, it must be concluded that WMV 2 is capable of 
causing red-bordered local lesions on £. amaranticolor.
These conclusions agreed with work done in Hungary (22) and 
Israel (6 ).



SUMMARY

WMV 2 and CLV have been described as distinct 
viruses of cucurbits» These viruses always occurred 
together in commercial cantaloup fields in Arizona„
Methods used in attempts to separate and characterize the 
two viruses include:

1 o Large numbers of isolates were collected from
commercial cantaloup fields and native vegetation» 
Separate isolates of WMV 2 and CLV were not found.

2 o Experiments on the rate of thermal inactivation as
a function of temperature and time were not 
successful in obtaining separate isolates.

3 - Samples from longevity in vitro experiments lost
infectivity at the same time when inoculated to 
pumpkin and C_o amaranticolor .

4. Dilution endpoint experiments demonstrate that only 
pumpkins with visible mosaic symptoms when used as 
the source of inoculum produced local lesions on 
Co amaranticolor.

5° Differential host plants were not found.
6 . Single lesion leaf disks from Maiva parviflora when

used as inocula produced mosaic symptoms on 
cucurbits and local lesions on C. amaranticolor.
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Tissue adjacent to the lesion did not contain 
infectious virus »

7 o Density gradient centrifugation of partially
purified virus produced only a single infectious 
band,

8 e Sap from (3 • amaranticolor leaves with red-bordered
local lesions produced local lesions on C_o amar anti
color , but the same extract would not produce 
symptoms on pumpkin*

9 o Phenol extractions from C_0 amar ant icolor produced
an infectious nucleic acid capable of producing 
abundant local lesions on C * amaranticolor and in 
one case produced typical mosaic symptoms on 
pumpkins *

It was concluded that only one virus was involved 
and that it should be designated as WMV 2*
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