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HOST RANGE AND SOME CHARACTERISTICS COF A SOYBEAN MOSAIC VIRUS ISCLATED
IN KANSAS

INTRODUCTION

The economic importance of soybean virus diseases has been receiving
significant recognition in recent years. Significant losses in yleld due
to soybsan mosale virus (SMV), bean pod mottle virus (BPMV), and tobacco
ringspot virus (TRSV) have been reported from many soybean growing areas
of the world, more particularly from the U.S.A.

Une effect of these viruses on soybeans is the production of seeds
with discolored seed coats, The color of the patches or streaks which
originate from the hilum is characteristic of the variety, and may be
either brown or black, Such seed is considered qualitatively poor., Of
concern here is the role played by certain plant virus infections in seed
coat mottling, Thus a more mottling has been observed in soybean plants
infected by SMV, BPMV, and TRSV (&, 13, 22). While both SMV and TRSV are
seed-borne, BPMV has not been shown to be seed transmitted (21, 22),

These investigations were conducted to identify and partially charaec-
terize a seed-borne, mechanically transmissible virus isolated by Dr. A.Q.
Paulsen from soybean seedlings. The virus was ldentifled by host range,
physical properties in crude sap, mode of transmission and serology.

Based on the results of these studles, it was concluded that the virus

was soybean mosaic virus,



REVIEW CF LITERATURE

Symptons Induced by SMV on Soybeans

Clinton in 1916 (3) was the first to describe the symptoms of soy=-
bean mosaic in the soybsan cultivar Hollyhock in Connecticut, He reported
the presence of chlorosis or erinkling of the leaves, Gardner and Kendrieck
(10) subsequently made additional observations on the symptoms induced by
SMV. They reported that pods on infected plants were stunted, flattened,
less pubescent and curved more than healthy ones. Later Conover (4) de-
scribed in more detall the symptoms induced by SMV in several soybean
cultivers. He observed that with the cultivar Bansei the first visible
symptom was a yellowish vein-clearing in minor veins of developing tri-
foliate leaves. This was transitory and appeared 6-14 days after inocu-
lation. Leaves that subsequently developed were dark green in color with
puffy areas present on the major velna., Leaf margins fregquently curved
downward and the tips upwards, Leaves became coarse, leathery and brittle
at maturity., Diseased plants were stunted and set fewer pods than normal
plants, Many of the pods produced by diseased plants were empty. Leaves
of olly-type cultivars were somewhat wrinkled. Similar symptoms have been
reported by Heinze and Kohler (12), Quantz (20), Galvez (9), and Quiniones
and Dunleavy (21). Or the cultivar Merr the symptoms induced were chloretic
and necrotic spots, vein-clearing, green mosaic, crinkling of the leaves,
and browning of the tips. On Dortchsoy 67, Hill and Hood soybean, chlorotic
mottling with some rolling under and distortion of leaflets was induced,

while on Lee a mild green systemic mottling was obsexrved.



While Heinze and Kohler (12) and Conover (4) failed to find other
hosts showing symptoms, Heinze and Kohler (12) recovered the virus from
Phaseolus vulgaris and Viela sativa. The P. vulgaris cultivars ‘Burpee's
Stringless®, 'Stringless Green-Pod', and *Stringless Green Refugee' were
alse found to be hoste by Conover (4),

In 1961, 13 legumes were veporied to be invaded systemically (20).
later workers have reported additional hosts (9, 21, 31). Except for
local infection of two Chenopodium species (9, 21), SMV has been mainly
limited to the Leguninosae.

SMV induced local to systemic infectlon in P. vulgaris ecultivars,
After mechanical inoculation dark brown local leslons with necrosis of
the inoculated leaves were observed on cultivars Furose, Kentucky Wonder,
Mom bacher Speck, Processor, Ranger, Rival, Toperop (19), Idaho Refugee
(20, 31), Black Valentine, and Great Northern U,I-123 (31). On Idaho
Refugee small dark brown lesions followed by veinal necrosis and death
of the inoculated leaves were observed. On Black Valentine and Great
Northern U.I-123, chlorosis and death of both inoculated and opposite
non-incculated primayy leaves were induced. SMV was not recovered on
subsequently formed leaves, indicating that it did not infect systemically.
Virus was localized without symptoms on Genfer Market, Metis, Saxa, Sultan,
Wachs Rheinland, Great Northeyn U.I-15, U.I=31, Pinto U,I~72, Pinto U,I=
III, Red Mexican U.I-3% (20), Burpee's Stringless (reen-pod, Bountiful,
Tender Green A-U68, Kinghorn Wax and Tender Green., On Doppelte Hollandische
"Prinze B' (20), both local and systemic symptoms were induced. Symptoms
observed on thls variety included local brown ringspots and yellowing of



inoculated leaves. Systenie veineclearing, mottling, vellowing and wilt-
ing of tips as well as a deformation of side shoots followed, B8MV
systenically infected without symptoms on the cultivars Great Northern,
Red Kidney, and Thord Green (9).

Systemic hosts other than P. vulgaris oultivars have also been re-
ported by Guantz (20), Galves (9), Valters (31), Quiniones and Dunleavy
(21).

roldes there was necrosls and yellowing of incculated

leaves (9, 20, 31). Systemic chlorotic spotting, a light green mosale,
wavy lenflets and cceasional browning of the leaf tips followed. Dolichos
falcatun is a systemic host with the symptoms consisting of brown necrotie
lesions on the incculated leaves and neorosis of the tip (20), Un

1, Local lesions, stunting, and systemic mottling
were induced (21, 31). On Lupinus albus systemic veineclearing, a

groen type of mosaic, rolling of leaflets and deformation were observed
(20, 31).

to local lesions with narrower leaflets were cbserved on Sesbania exaltats

(9). On Ganavalla ensiformis

This was followed by & systemic mottle with the leaflets rolling under
and some necyotic mottling. On Lespedesa stipulacea *Horean® and *Climax’
a systemic mottle and top necrosis were induced while on L. Striata *Kobe®
a systemle green mottle developed (31), Chlorotic mottling, stunting,

distortion and necrosis of young leaflets was observed on |
unm 'Harly Speckled® (31). Intense mottling with extremes rolling
under and distortion of leaflets was observed on §. ussurd




Iocal lesion hosts for 3MV other than P. vulgaris cultivars have
been reported in the lLeguminosae and Chenopodiaceae., For instance, in
the Leguminosae, Phaseolus lunatus was locally infected and gave chlorotie
local lesions (31). On Vigna sinemsis ‘Tronkley® (20) and *Monarch® (31)
chlorosis of the inoculated leaves was observed. Dolichos biflorus (21)
and D. lablab (9, 21) were found to be local lesion hosts. Two species
of Chenopodiaceae, Chenopodium albun (9) and (. guinea (20, 21) were also
reported as local lesion hosts.

The legumes Hippocrepls multisiliguosa and Lotus tetragonolobus were
systemic but latent hosts (20).

Incubation temperature has been observed to influence the severity of
symptoms on soybeans. Walters (31) observed that at 20 C the symptoms were
more severe on soybsans than at 27 C. Severe symptoms developed at 18.5 C

while masking occurred at 29.5 C (4).

9MV Isclates

The occurrence of SMV strains has been reported by Ross (24) and
Quiniones and Dunleavy (21). Ross was able to separate two strains, SMV-l
and SMV-2, on the basis of symptoms induced on Lee and Hill soybeans, On
these hosts SHMVel induced more severe symptoms than SMV-2, but both estrains
produced a synergistic reaction with BPMV. Quiniones and Dunleavy (21)
observed that an isolate designated SMV-M caused milder symptoms compared
to SMV-NC or SMV-( strains., 8SMV-0 also incited severe symptoms and re-
duced seed size more than either SMV-M or SMV-NC in double infections
with BFMV,

Recently Ross (25) reported on variation among seven isolates of SMV

in pathogenicity to soybeans, Lespedeza stipulaceae 'Rowan® and Kentucky



Wonder Wax Pole (KWP) bean. Synptoms induced by these isolates varied

on 24 varieties of soybeans tested and ineluded asystemic mottling, necrot-
ic lesions on inoculated leaves, aystemic neerotic lesions and plant
necrosis, OSome isclates also infected certain soybean cultivars without
symptons, On Howar lespedeza symptoms ranged fyom no observable effects
to dwarfing, straplike leaves, shoot necrosis or a very mild motitling.
Ugion soybean and the iniroduetions P,I. 96,983 and P.I. 170,893 were
found resistant to all seven isoclates. All seven caused local lesions

on EWP bean, The mumber of lesions induced on KWP bean depended on the
cultivar of soybean used se production host and with the virus isclate,
This indicated that some EMV isolates were able to replicate more in some
varieties than in othera. XWP bean was susceptible to all isclates. (n
the basis of eymptoms induced on Howan lespedesza and soybeans, Ross grouped
isolates 1, 5 and 7 together; 2, 4, and 6 belonged to & second group, and
isolate 3 formed a thiyd group.

fiethods of Transmission

Feochanical incculation by rubbing the inocoulum on the upper leal
surface previously dusted with an abrasive appears to be the most common
method of experimental transmiseion of &MV {4, 9, 10, 31). larlier workers
have also tranamitted SMV by (a) pricking with a needls at the nodes and
yubbing the inoculum into that areas (b) inooulating into slits formed
with a scalpel at growing tops or on petioles; and (c) by taking out one
leaf at the node and inoculating at this regicn. Rubbing the incoulum
onte the lower surface of the leaf has alsc been done (10),

m .*.,1..,‘:.5"‘;“.'.'2..."."-L: YRl
SMV is aphid-tranamissible. Heinze and Kohler (12) were the first to



ghow that verious speeles of aphids ineludiey Depralis fyangulae Koeh, D.

rhampi Boyer, D. fabae Seop, Magrosiphon
sland Theob, Eim m Leing, ﬁ‘ nersicae Su
cumfloyus Buskt could slso transmit MV, They also reported that A.

selanl and M. persieae were the most efficlent vectors., Using
these gpecles they observed that less than 30 pin Teeding time was encugh
for both virus acquisition and transmission, indicating SMV is stylet-

borne,

Yany workers have demonstrated SMV transmission in soybesn seeds
(%, 2, 10, 12). It bas been reported that the percentage transmission
in seed varied with the sultiver (&, 12, 2, Por instance, 137 trans-
mission (10) was reported in Hollyhock soybean, while Heinze and Xohler
{12) chserved LOT seed trensmission in another variety of soybean, In
Lineoln soybean, 2-75¢ seed transmission was observed by Conover (4),
and 19% by Colves (9), On the other hand, transmission of SHV was ree
duced to & leovel below that from plants Infected with MV glone when

BPMY was also present (24},

Seed Hottling and Effect on Yield

Yhile SHV, BPMV and TRIV are known to cause mottling of soybesn seeds,
mottling has also bemn reported to be asscciated with certain other factors.
Thus Weodworth and Cole (34) and Uwen (17) reported some motiling associated
with esrtaln cultural conditions. More mottling was observed in plants
grown in rich loam soll and at more sparce plant populations while the

reverse occurred in sandy soil and denser populations. Mottling was much



greater in abnormal plants., Woodworth and Cole (36) also reported that
sugar accumulation is an important factor in mottling. Ross (26) reported
that some unknown environmental factors also affected mottling.

Cooper (5) maintained that mottling is controlled by genetic factors.
It has been widely accepted that the causes of mottling are largely due
to virus infection (14), The distribution of mottled seeds borne on a
single plant varied greatly but the seeds in a pod show some similarity
in degree of mottling. This has been attributed to physiologlcal factors
(36).

Available data also indicate that seeds with discolored seed coats
can be obtained from healthy soybeans (22). The age of plants when in-
oculated is also a factor in the degree of mottling. Sequential SMV and
BPMV inoculations caused more mottling on Lee and Hill soybeans than
simultaneous inoculations of BFMV and SMV or in the reverse oxder of
BPMV and 8MV.

Reduction in yield due to SMV and BPMV has been reported (10, 21, 22).
From SMV alone a reduetion of 26-43% has been reported depending on the
variety.

On Lee soybean a reduction in yield of 187 was attributed to SMV alone,
26% to BPMV alone, while a 73% reduction occurred when BPMV and SMV acted
together (22). On Hill soybeans SMV reduced yleld by 43%, BPMV by 14%,
and together BPMV and SMV reduced yield by 81% (22).

Cross-protection and Synergistlc Reactions

Cross-protection between SMV strains has been reported. The SMV
isolates SMV-M and SMV-NC provided protection against each other (21).

Synergistic reactions of SMV and BPMV, and SMV and TRSV have been



reported by Roes (22), Quiniones and Dunlesvy (21), end Cordon and
Schmitthenner (11). The effects on yield, seed transmission and mottling
have been mentioned earlier.

Severe bud hlight due to TRSV and SMV together has been observed by
Gordon and Sehmitthenner (11). They reported that these viruses together

caused 2 more severe bud blight than when TRSV was alene,

Ehysical Properties of SMV

Iiterature available shows a great variation in the observed properties
of SMV. The reported dilution end point has varied from 131,000 (20) to 1
10,000 (9, 12, 21). Similarly the thermal insmctivation point has been re-
ported to be as low as 58 C (19) and as high as 70 ¢ (21), Others have re-
ported it to be at 60 € (12) or 62 ¢ (9, 20). Retention of infectivity in
crude extracts has been from as short as one day (12) to as long as seven
daye (20). Heinze and Kohler (12), Plerce (19) and Conover (4) observed
that erude extracts of their isolates were infectious up to 3 days. Galves
(9) reported that extracts were not infectiocus after 4 days at room
temperature, after 14 days at 4 C and after 120 days in the freezer (0 ).

Purification of SHV

Galvez (9) partially clarified SHV by centrifuging for 20 min at
8,000 rpm, No buffer was used for extraction. Further purification was
obtained by rate-zonal density gradient centrifugation in suorose gradients
dissolved in neutral 0.02 M tris-HCl (tris (hydroxymethyl) aminomethane)
buffer. Virus aggregation was a problem and adding dispersing agents to
the sucrose gradlents did not prevent this.

Although virus aggregation was not completely prevented, Ross (23)
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claimed this was ninimized by grinding lesves in 0.5 Il sodlum citrate
containing 17 merceptoethancl, The extraet was claxified by adding g-
tutanol to give a final concentration of 7%. The mixtare was allowed

to stand overnight at 4 O, then centrifuged., 7The agquecus phase was
collected and given two oycles of differential centrifugation, PFinal
purification was obtained by density gradient centrifugation. He claimed
that resuspension of pelleted virus was facilitated by using 0.01 ¥ borate
pH 8.3. By this method, he obtained yields of 3.6-4.4 ng of protein/100 g
tissue based on spectrophotometric analysis., Such preparations were free
of antigenic host constituents,

Guiniones and Punleavy (21) purified an Jowa isolate in the following
manner. Infected leaves were frosen for three days then ground in 0.01 }
vhosphate buffer pH 7.2, The extract was clarified with chleroform-
butanol and low-spoed centrifugation. PFurther purificstion and concentra-
tlon was done by three cycles of differential centrifugation, with the
final pellet dispersed in distilled water. It was reported that 905 of
the virus was lost in the processy however, the final preparation was 30
tines nove infectious than orude sap. This preparation was found sultable
for electron microscopy, antiserum production and serology.

Galves (9), using low-spsed clarified extracts, observel a faint
sone located 2.8 em below the meniscus after centrifuging purified SNV
through sucrose density gradient columns for 2 hr at 23,000 rpm., Ine
feotivity was concentrated mainly at 2.0-3.2 em below the meniscus, but
snall amounte of infectivity were scattered throughout the colusn and

much more was present in the pellet., Aggregation of virus particles
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during purification was encountersd and no technigque tried prevented this.

Seme aggregation was provented and betber resusponsien ef pelleted
virus was clalned hy Ross (23) with the use of 0,01 } bvorate buffer pH
8,3, The JHV preparation whon scanned in the ultraviolet range was found
to have 2 broad maximun between 280 and 2635 nm, a sharp nininum at 245 o,
and a alight, but significant, tyryplophan shoulder, at 290 mm, Me esil-
nated the nucleic acid content of virus to be 6-7%, After rate-zonal
density gradient centyrifugation at 25,000 rpn for 2 hy maximum light
soattering vas ohserved 2.7 om below the menlseus. This sone was found
highly infectious, Using sehlieren opties, analytical eentrifugation of
preparations obtained fron rate-monal density gradient columns were found
to bo relatively honogeneous. Preparations containing 8 mg of protein/ml
had 2 d1lution end-point of 10~5.10~6,

SiY Styucture

The presence of eytoplasmic inclualons in epidermal cells of SMV-
infected soybeans was reported by Quiniones and Dunleavy (21). These
incluslons, generally one inelusion per eell, were amorphous, nonvacuclated
and ranged fyrom 10 x 4.8 to 13.8 x 3.01 nn.

Quants (20) gave the 51V dinensions as 748 x 1213 mm, while Brandes
and Vetter (2) listad it as 750 nm leng, The range of 650-725 x 15-18 nm
was reported by Galves (9) using a Nehraska isolate. Ross (23) found the
average length te be 740 nm for a North Carolins isolate., An Iowas isolate,
SMV-M, wam reported te be £60-720 nm long (21)., Host of the work on
ultrastructure was done with elther leaf dip or sprayed preparations
chadowed with metals,
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The importance of serology in identifying plant viruses has been
emphasized by van Slogteren and van Slogteren (30) and Wetter (33).
Serology is a useful method of virus identification as the reaction
between antiserum and virus is specific (33).

Ross (23) used the virus obtained from density gradient columns for
antiserun production and for investigating the serclogical reactions of
8MV, B8MV reacted with specific antibodies to form an open floceulent
type of precipitate which is considered charecteristic of rod-shaped
viruses., He obtained an antiserum titer of 1:2048 for purified virus
and 1:4096 for eclarified sap.

Quiniones and Dunleavy (21) weported that the antisera to SMV-M and
8MV-NC isclates gave merc titers after absorption with their homeologous
antigens, After absorption with heterclogous antigens, the antisera

still reacted at a dilution of 11256 with their homologous antigens,
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MATERIALS AND METHODS
gulture of Flants

Seeds of soybean cultivars and other specles used for host range
studies were obtained from Dr. A.Q. Paulsen and from D», C.D., Nickell
of the Agronomy Department, Kansas State University. ILarge-seeded legumes
and other species were sown in autoclaved soil at 6-10 seeds per 4-in pot.
These were later thinned to four plants per pot. Small-seeded species
were sown in autoclaved soil and seedlings were transplanted when large
enough to handle. The plants were grown in a greenhouse maintained at
22«26 ¢ in the winter and at higher temperatures in other seasons. For
host-range studies most legumes and cucurbits were used 10«12 days after
sowing with the inoculum yrubbed on the primary leaves or cotyledons.
Cther specles were used when 4«5 leaves were available for inoculation.
The plants were routinely fertilized with small amounts of 10=10=5

fertilizer.

Virus Sgurce and Inoculation Iechnigues

The original incculum was obtained from Dr, A.Q. Paulsen, This was
previously isolated from seedlings grown out of mottled seeds of selection
No. 118 obtained from a cross between Haroscy x C1069 (Plate 1). The
mottled seeds were obtained from C.D. Nickell. The stock culture was
naintained by periodic transfer to Kent or (lark 63 soybeans.

For routine transfers and host range determinations the inoculum was
prepared from plants infected 13-15 days., Young leaves showing distinet
nosaic synmptoms were used, The leaves were ground at approximately 1:10
(wt/vol) dilution in phosphate buffer pH 8.0, 0.03 H. The resulting



1



PLATE I

Soybean, sample No. 118, (Harosoy x Cl069). Top, mottleds bottom,
unmottled, from the same seed lot.
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extract was applied onto Carborundum-dusted leaves with a cheesecloth
pad. The plants were covered with wet paper toweling after inoculation
to prevent rapid desiceation, then incubated in the greenhouse at 22-26 O
in winter and at prevailing temperatures in water-cooled greenhouses in

summeyr (26«40 C).

Maethods of Assay

Phaseolus vulgaris ‘Kentucky Wonder Wax Pole' (KWP) bean was the
assay host chosen., Primary leaves of 10-12 day-old plants were generally
used at which time the leaves were most susceptible. The half-leaf
method of assay was employed for all experiments, For best lesion
formation, an incubation temperature of 30 C is required (J.P. Ross,
personal communication to Dr. A.Q. Paulsen). To obtain this, the method
used by Ross was often employed, Leaves of KWP bean were detached soon
after inoculation, floated in 2% sucrose solution in petri dishes, and
incubsted at 30 ¢ in a bacteriological incubator. Lesion counts were
nade 3=5 days after inocculation.
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RESULTS
Experimental Host Range

SMV was mechanically inoculated to 42 species belonging to 9 families
(Table 1). For most leguminous species, 20-25 seedlings were inoculated,
For soybean cultivars 60-80 seedlings were tested., With non-leguminous
species, five to six plants were inocculated. To determine if local or
systemic infection occurred and to find symptomless hosts, back inccula=-
tions were made onto primary leaves of KWP bean using a 1410 dilution of
sap in 0,03 M phosphate buffer pH 8.3. The assays were made 15-20 days
after inoculation. HMost of these experiments were performed during summer.
Out of 42 specles in 9 families, only 6 species in the Leguminosae were
found susceptible (Table 1).

The 15 cultivars of soybeans tried were susceptible to SHV (Table 1)
but some variation in the severity of symptoms was observed. A transitory
veineclearing in leaves developing above inoculated leaves was the first
sympton observed. This appeared 4«5 days after inoculation. Dark-green
puffy spots, also transitory, appeared 5-6 days after inoculation on the
first trifoliate leaf of some cultivars, notably Bansel, Clark 63, Kent,
Harosoy, Hill, Lincoln, and Wayne. lLater, systemlc symptoms such as
distorted, misshappen leaves having wavy margins were observed on Bansei,
Clark 63, Kent, Harosoy, Hill, Lincoln and Wayne (Plates 2 and 3). Milder
mosalc symptoms were observed on Amsoy, Beeson, Calland, Cutler and
Shelby., Most of the varieties tested developed necrotiec local lesions,
These appeared later than initlal systemie symptoms, ususlly 15-1% days
after inoculation., Almost all the cultivars tested produced mosales that

were daxk green in color, and leaves that were leathery and brittle,
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PLATE II

Mosaic symptoms on oultivars (A) Hill, (8) Harocsoy, (C,D) Kent,
and (E) Iincoln.
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PLATE IIX

Mosalc symptoms on soybean varieties (A) Kent and (B) Hill,
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Infected plants matured later than non-infected ones. The pods were much
flattened and many were either empty or contained small seeds., Two
exceptions were Havosoy and Beeson in which seeds were not badly flattened
and size reductlon was only slight.

A variety of symptoms was expressed on legumes susceptible to SMV.
Five to six days after inoculation tiny necrotic local lesions, black in
eolor, were observed on P. vulgaris ‘Kentucky Wonder Wax Pole® (Plate 4),
'Royalty Purple Pod', 'Scotia® and 'Wade'. The lesions enlarged slightly
and some veinal necrosis occurred when the lesions formed close to the
veins. Adjacent lesions tended to coalesce to form large necrotic areas,
On the cultivar Romano chlorotic local lesions were observed (Plate 5),
Red Kidney and Pencil Pod Wax beans were systemically infected without
symptons, while Bountiful and Burpee's Stringless Green-‘od were infected
locally without symptons.

A systemic chlorotic mottling with downward rolling of leaflets
developed on P. lathyroides (Plate 6). A systemic chlovotic mottling with
dovnward rolling of leaflets was followed by the appearance of tiny necrotic
lecal lesions on Uanavalis ensiformis. Necrotic local lesions followed by
a systemic chlorotiec mottling was observed on Cyamopsis tstragonoloba. A
chlorotic systemic mottle often accompanied by vein-banding and slightly
ruffled leaves was observed in (assla florida.
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PLATE IV

Heerotic local lesions on Phaseolus vulgaris ‘*Kentueky Wonder Wax
Pole® (KWP) bean. Fhotograph taken seven days after incoulation.
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PLATE V

Chlorotie local vings or Honmne besn g8 they appeer 15 days after
inoculation.
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PLATE VI
Systenic mosale symptoms on P. lathyrolides.
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TABLE 1. Reactions of plant species mechanically incculated with

SMV in the greenhouse,

Sympton
gglgﬂ.m iz %Wg &
Alzoaceae
Tetragonia expansa (Furr,) Thunb. 0
Amaventhacease
0
Appoynaceas
Yinca rosea L. 0
Chenopodiacens
0
0
0
4
4]
0
0
0
0
Cuoumis sativus L. Chicago Flekling 0
0
N, 3%
e




LA HlBiKl

Gyamopsis tetresoncloba (L.) Taub.
Dolichos biflorus L.
Glyeine max (L.) Merr.

3 Wi@t .

3- hthgﬂ ides 1.
P. lunatus L.

Beeason
Hansel
Blaekhawk

Clark 6%
Calland
Jutler
Harosoy
Hill

Kent
Lincoln
Patterson
thelby
Wayne

Hoapa

Fordhook 242

oM,

54

30

NLL

RLL
NLL

RLL
CLL, NLL

CLL
NLL
CLL, NLL
CLL
NIL

HLL



E+ yulgaris L.

Honderson Bush Lima
flack Valentine
Bountiful

Cherokee Wax

Oreat Worthern
Gratiot

Kentucky Wondex
Hax Pole

Michigan lNavy Deans

Penell Pod Wax
Pinto

Pinto U.I.~IIX

Red Eidney

Romano

Koyalty Purple Ped
saginaw

Banilac

Seotla

Burpee®s Stringless
Green-pod

landreths Stringless
Gresn-pod

Surecrop Wax
Tenderpod

Tendercrop

Toperop (Bush bean)
Top Hoteh Golden Wax
Wade

Wren's Hgp



Sorophulariaceae

Solanacens
Dature stramonius L.
Lycoversison esculantun Mill.

32

Alaska 0
Wando 0
G
¢
Blachkwsye 0
Broun Sugayr Crowder ¢
Harly Remshorn 0
White Lady 0
White Sugay Crowder ]
o
0
4]
4
o
o
Havana 38 0
Xanthi-ne o
O

AL - localized without symptoms
AS - systemic without symptoms
@ o chloresis, chlorotic

CLiA» chlorotie local wings

LL « local lesions

N = necrotle, necrosie

0 = no symptoms, no reaction on KWP
8 = gystenie

5H- gystemice motiling
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To determine virus tvenamission through the seed 14 soybean cultivars
(Table 2) were selected. Seedlings growing in the greenhcuse were inocula-
ted at the primary leaf stupge, then allowed to set seed. These were in-
cubsted at 22-24 ¢, The percentage of mottled seeds was determined from
the harvested peeds. Forty to fifty mottled seeds were planted of Beeson,
Clark 63, and Calland and for the other cultivars as many as were avalle
able. The seedlings that came up were observed for follar symptoms,
Bacause of the mumbers involved, plants showing posaible infection as
nalformed leaves and mild mosale were individually assayed for virus and
only limited assays were made from normal-locking plants.

The percentage of mottled seeds was higher in Amsoy (26%), Beeson
(29¢), Calland (257), Cutler (30%), and Patterson (27%) than in others.
The color of the mottled area verled with the variety but a dark brown
to black color was the most common, 4 hrown color was present on Anmscy,
Bansei, Heeson, Harosoy and Patterson, while the black color ocourred on
(lark, Clark 63, Calland, Cutler, Hent, linceln and Wayne., 7The discolored
area was larger in Amsoy, Calland, Clark 63, and Cutler, whereas this
oceurred as short streske or small patches on Beeson and Harosoy (Plate 7).

Seed transmission was obtained in Amsoy (33%), Beeson (8£), Calland
(58), Clark (%), Clark 63 (11%), Cutler (27), lincoln (28%), Patterson
(162), and Shelby (43%), but not in Harosey, Hill, Kent and Wayne (table
2)e Very few seeds wers obtained in most cultivers so that if seed
transmisaion was actually low, then it could have been nissed, Where
seed transmission was obtained, the seedlings had primary leaves with
falrly wavy nargins that cupped downward. A mild mosale was also
presant.






PLATHE VII

Mottled seeds of soybean varieties (1) Clavk 63, (2) Calland,
(3) Amsoy, (&) Cutler grown in the greenhouse, and Healthy Kent (5)
seeds included for comparison.
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TABLE 2, Percentage seed cost mottling and seed transmission of
GMV in soybean cultivars,

flo. Seeds No, Ho,
oo A
30/118 26 12/30 b 33
51/176 29 13/51 1 8
49/196 25 19/49 1 5
19/130 15 12/19 1 8
clark £3 89/560 16 2740 3 11
Cutler 28/v2 %0 28/28 6 2
Harosoy 3/18 17 3/3 0 0
Hill 7/50 1 of7 0 o
Kent 5/105 Ik 5/5 0 0
Lincoln 11/92 11 ?/11 2 28
Patterson 7/26 27 ?/7 1 16
Shelby 7/135 5 7/7 3 b3
12/60 20 11/12 0 0
95/268 35 189/268 43 22
Kent 233/l 53 205 flili) 12 5

lineoln 65/u76 13 339/476 11 3
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Very few seods were harvested from greenhouse-grown plants, which
1imits the usefulness of the data., Ten to 20 seedlings of Bansel, Kent
and Idnocoln were inoculated at the primary leaf stage in the greenhouse.
Two weeks after incculation these were transplanted to an area cutside
the Hosale Greenhouses to simulate field conditions, The plants were hept
watered and fertilized, While all plants showed symptoms of infection,
the aymptons were mild on Kent, Wnly a few of the pods formed werve
flattened and most pods had 2«7 seeds each. Bansel plants on the other
hand were dwarfed, the leaves were leathery and brittle, and they showed
a yugose green mosaic with leaves cupped dowmwards. Pods bore one to two
seeds sach and some remained small. On Iincoln the symptoms were cone
siderably less severe than on Bansel bWt not as mild as in Kent.

Gf the three cultivars grown in the fleld, Bansel gave the highest
percentage sesd transmission {224) but did not give the nmost mottling (35%).
Un the other hand, 53¢ of the Kent seeds wers mottled, but only 5% seed
transmission was observed. Iineoln had 142 mottled seeds, with 3% seed
transnisaion,

lonviruliferous lysus persicse Suls. were maintained on Datura
wze sativa. The experiments were conducted with
aphlds that were starved for 10 min before acquisition feeding., Ten to
fifteen adults were allowed to feed for 5 min on either Clark 63 soybeans
lus lathyroides that were showing distinot symptoms. The aphids
were then transferred to a healthy soybean seedling and allowed to feed

for 5 min befors they were manually removed, To insure that all aphids
were killed, plants were also sprayed with Kelthane., Seedlings infected
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in this nwmer showed nosaic symptoms after 8-10 days incubation at 24 ¢,

fndicating that the aphids transmitted 3MV in a stylet-borne manner., It

was observed that symptoms appeared earlier on test plants when virus wes
acquived from P, lathyroides than from soybeans. Hack assays to KWP bean
from the resulting infected plants gave typlecal lesions due to SMV,

Sholge of Froductlon and Aspay Hopts

Uf the local lesion hosts tested, the greatest numbeys of lesions
were induced on WP besn. The lesions appeared within 4«95 days after
inoculation under proper incubation temperatures. The seedlings could
be used in 10=-12 days after sowing at which time primary leaves suitable
for half-leaf assays were available., The leaves remained fairly susceptible
for st least three days. However, incubation temperatures of 30 C weve
necessary for best lesion preduction.

Seybeans were used as the prepagative hosts. Nent and Claxk 63 soy-
betns were selected anong soveral tested as they consistently gave the
highest virus concentration.

Te detormine whethor the age of infection would affect virve concen-
tration, Kent soybeans were inceulated with SHV. The plants were assayed
10=-26 days after infection at Z-day intervals using @ 1:10 dilutien in
0,03 M pH 8,0 phosphate tuffer. Ieaves showing systemic infection were
uged as the source of incculum. In a single trial it was found that
virus concentration increased up to a maxinmum at 12-14 days after inoculge
tion and gredually decremsed thereafter. No virus was detscted in plants
infected 26 days.
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Hill, Clark 63 and Kent soybeans were alsc compared as propagative
hosts. For this, a 1:10 dilution was prepared from plants 14 days after
inceulation. Clark 53 and Kent soybeans induced more lesions on KWP bean
than Hill and therefore were used subsequently as propagative hosis.

ixperiments to Increase %
of the Aspay

Several methods of increasing the susceptibility of the assay host

were tyied. For these tests, a 1:10 dilution of fresh inceulun was used.

KWP bean seedlings were coversad 24 hr before or after incoulation.
A slight increase in leslon numbers was observed with pre-inoculation
darkening, but the results did not warvant routine use of this method.
Lesion numbers were slightly lower in plants darkened after inoculation
than in control plants given ordinary lighting conditiona.

After incculation plants vere moved to separate @
chanbers kept at 22«24 ¢, 28«30 €, or 28«32 ¢, Incculated leaves were
also detached, fleated in 2% sucrose in petri dishes and incubated at
22«24 €, 28«30 €, or 28-32 ¢, Tt was found that better symptoms and morve
lesions were observed at 28-30 C.

£ffsct of pH and Conoentration of Buffer

For these tests phosphate buffer was used. For the effect of pH,
buffer of 0.10 ¥ concentration was used at pH 6.5, 7.0, 7.5, and 8.0.
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It was observed that extrscts in pH 7.0 Wwufler wers the most infectious.
Further experinents therefore were made using pH 7.0 buffer at 0.01, 0.03,
0,05, and 0.1 ¥. Extracts in distilled water aerved as controls. It

was found that 0,03 }i gave the mest lesions. Inooulum prepared in die-
tilled water was found to produce more local lesions on Toyalty Purple
Pod bean than on Kl bean. On the other hand, more lesions were induced

on KWP bean in the presence of phosphate.

Incoulum was prepared from li-day infected Clark 63 soybeans using
leaves with distinct systemle symptoms. A weighed guantity of leaves was
ground in 0.03 ¥ phosphate buffer, pH 8.0 to make a 1110 dilution. Further
dilutions of 1350, 1s100, 14500, 111,000, 1:5,000, 1:¢10,000 were nade from
this. The preparations were then assayed for infectivity on KWP bean by
the half-leaf method. Vo lesions were obtained at a 15,000 dilution,
but a few showed at 1:1,000.

A 111 (wt/vel) dilutdon in 0.03 ¥ pH 8.0 phosphate buffer wes pre-
pared from plants infected for 14 days. The extract was dvawn into thin
capillary glass tubes and one snd sealed. In a preliminary trial the
axtract was heated for 10 nin in & water bath at temperatures of 55«00 C
using 5% intervalz. It was observed that some infestivity was vetalned
after heating at 55 but net at 60 ¢. Subsequent trials involved heating
extracts at 2° intervals in temperatures of 55 C to 65 ¢. Hxtracts were
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infectious &t 57 €, but not at 59 C,

Longevity in Vitro

A 131 (wt/vel) dilution of extract was prepared in 0.03 [ phosphate
buffer pH 8.0. This was stored in a sealed vial at 22-2% C, Inocula-
tionn were made daily for 4 days. Virus infectivity was retained for

only one day.
Telerance to Desiceation

Systemically-infected soybean lesves were diced intc small pleces
with a rasor blade and desiccated over CaCl, at & C. The desiccated

material was infectious up to 5 months, the longest time tried.

Effect of Fyreeczing and Thawing

One-gran sanples of systemically-linfected soybean leaves were frozen
or wore stored in a refrigerator at 4 ¢ or in greenhouse at 22-24 C,
After 1-2 hr the tissues were ground separately in 0.03 ¥ phosphate
buffer pH 8.0, to give & 1110 dilution, and each extract divided into
two parts. OUne-half of each extract was either froszen, refrigerated or
stored at greenhouse temperature, respectively, while the other half was
assayesd for infectivity immediately. It was found that extracts fron
tisaues held at refrigeration and greenhouse temperatures were infectious
but that freezing inaoctivated the virus completely.

Cross-protection experiments were performed using Kent soybeans as
this host gave necrotie local lesions when inoeulated with 8MV., Twe
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other known isclates, SHV-H fyon Iowa {provided by S.8. Quiniones) and
SMV-DTG from Chilo {provided by D.T. Gomdon) aleo induced necrotic leeal
legions on thiz hest. These isclates were incoulated separately to
seadllngs in the prinary leaf stage. The challenge virus was then
inoculated onto trifoliate leaves showing distinet mosaic sympioms,

21-25 days after incoulating the first or protecting isclate. Ho lesions
were induced by the challenge virus on the leaves to which it was ine
troduced, indicating that cresseproteetion among these isclates could
have occcurred.

WV, SHV-H and 3HV-DIC were inoculated to young Wayne soybeans.
Symptons were observed on the inoculated plants. Fifteen days after
the SMY incculation, TESV was Incculated to leaves showling SNV symptoms.
Heorotie loeal lesions dus to TRSV were observed six duys later. This
indicated the absence of cross~protection between TRIV and SMV.

Bight to twelve Xent soybean seeds were sown per 4-in., pot. Ten
days after sowing, the seedlings were inceulated with leaf extracts of
ed in 0,03 }i phosphate
buffer pi 7.0. Leaves were harvested 14 days after incculation and

MV, SVl or SHV-DIC isolates freshly prepa

astored in the refrigerator at 4 C if not used the sase day.,

Foss® (23 ) method was followed. Leaves, buffer and the Waring blendor
Jar were pre-gooled to about & €. Four mundred to five hundred g tissue
was used for 3NV isclate and 200-300 g each for SHVeM and SMV-DTC. The
leaves were homogenized in 0.5 } sedium citrate pH 8,0 containing 1%
Zemercaptoethancl to give & 1i3 dilution. The homogenate was squoezed

through two layers of cheesecloth, To every 100 ml of extract, 7 ml of
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nebutanol was added with stirring. The mixture was then refrigerated
overnight. This was centrifuged at 12,100 g for 10 nin and the agueocus
phase collected and filtered through glass wool, Virus was pelleted by
centrifuging at 147,100 g for 2 hr in an International P60 ultracentri-
fuge, Half of the resulting pellets were resuspended in 0.01 ¥ borate
buffer pi 8,3 and the other half in 0,01 M pH 73, Buffer was added at
the rate of 2 ml per tube and the pellets allowed to resuspend overnight
in the refrigerator. Suspensions in the same buffer pH were pooled
together and then centrifuged at 12,100 g for 10 min. The supernatant
fractions were collected and given a second high speed centrifugation.
Rorate buffer for resuspending the pellets was added to give an equiva-
lent of 1.3 ml per 100 g tissue. Pellets were again allowed to resuspend
by standing overnight in the refrigerator. A final low speed centrifuga-
tion gave a partially purified virus preparation that was light green in
color with very little opalescence attributable to virus. These were
stored in the refrigerator until assayed for infectivity, relative con-
centration, and serological relationships. Absorbance at 260 and 280 nm

were also read.

Photometric Scanning

A Hitachl Perkin Elmer Model 124 spectrophotometer was used to
determine the absorbance (A) of a 1320 dilution of the virus preparation.
This gave an average A 260/280 ratlo of 1.26 for SMV, 1.33 for SMVaM,
and 1.32 for SMV-DTG. Based on the A 260 readings the relative concen-
trations (Bxtinetion coefficients, Egg%%) in mg/ml of the purified
preparations are: 0,008 for SMVy 0,01 for SMV-M; and 0,011 for SMVeDLIG,

using an Egég% = 3 (Iscotables, Instrumentation Specialties Co., Ine.,



mm&lﬂ; ﬂa-. 196?)#
Anfectivity Assays

DMlutions of 1410, 1:20, 10, 180, 11160, and 11320 of the above
preparations were made in 0.01 ¥, pi 8.3 borate buffer and were then
inoeulated to 1l2-day old KWP beans., Lesions were observed and counted
after five days. The BMV preparation was infectious up to 11160 but
not at 1:¢320. WVirus was still infectious seven days afteyr purification
with an average lesion count of 3% per half leaf at & 1+160 dilution,

The microprecipitin test under oil and ring interface (15, 29)
tests were used to determine the serological relationships of BMV. The
antisera used in these tests were provided by Dr, 8, Quiniones for two
Iowa isolates, BMV-M and SHV-O, and by De. W. langenberg for a Nebraska
isolate (BMV-N),

For the mieroprecipitin tests, plastic petrl dishes free of scratches
were solected and 7-8 small squares per row were drawn with & red wax
pencil, A serlies of two-fold dilutions from 1:l0«1:80 of the purified
HMV, SHVeDTG and SMVeM were made in 0,01 M borate buffer pH £.3. The
antisera wers diluted in 0.89% saline to give a 1110 and 1:20 dilution.

A drop of the reactants were placed into the grid sguares with micro-
pippettes eguipped with a Ho. 27 gauge hypodermie needle, starting with
the lowest concentration., The reactants were covered with heavy mineval
oil, inoubated at vroom temperature and read after 4, 8 and 24 hr,

Similay dilutions of the antigens were prepared for the ring inter
face test. The antiseva were diluted to 1:20 and 140 with 209 glyeerine.
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The reactants were layered into small serological tubes (6 x 50 mm) with
disposable micropipettes, with the antiserum below. Readings were taken
after 30 min, 1 and 2 hr incubation at room temperature,

In both tests, the controls were saline alone, buffer alone, saline
plus serum, and saline plus virus, No precipitates were observed in any
of these controls. No precipitates were obtained with SMVeM and SMV-0
antisera tested against any of the antigens used in microprecipitin tests.
With SMV-N antiserum diluted to 1:20, a small amount of precipitate was
present at a dilution of 11160 for all three antigens (Table 3). At 1140
antiserum dilution a precipitate was obtained at a dilution of 1:160 for
5MV, and SMV-DTG antigens, while SMV-M reacted only at 1:20.

Some mixing resulted while layering the reactants in the ring inter-
face tests. However, positive reactions (Table 4) were obtalned at a
14160 dilution of the three antigens against a 1i40 dilution of SMV-N
antiserum. SMV also reacted positively when tested against SMV-M anti-
serum, With SMV-0 antiserum dlluted to 140, a precipitate was observed

with SMV, SMV-M and SMV-DI'G when these were used at a 1:80 dilution.
ns Gradient Cent tion

Gradient columns for rate-zonal centrifugation were prepared accord-
ing to Brakke (1). The gradients, prepared at least 18 hr before use,
were made by layeving 4, 7, 7, 7, and 6 ml, respectively, of 10, 20, 30,
40 and 50% sucrose dissolved in 0,01 M pH 8.3 borate buffer. One ml of
the SMV preparation (0,008 mg/ml) was layered on top of one column,

One ml of SMV-DI'G (.012 mg/ml) was layered on a second column, Purified
cowpea mosaie virus (CPMV, 50 mg/ml) and tobaceo mosale virus (TMV,
50 mg/ml) were layered separately over 2 other columns in which 0.1 ¥
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Serologiceal reactions of 8MV, BMV-M, and SHV-DIG tested by

the microprecipitin tests under oil.

Reciprocal
of Antiserum

Reciprocal of Antigen Dilution
aMy SMY.DTC SHMVM

20

5O 80 160 20 L0 80 140 20 4o 80 160

Dilution
SMV=N

20

40
Saline + buffer
Saline
Buffer

Saline +
Antiserun

&

Positive reaction, density of precipitate varying from slight (+)

to a little more (4+).

b

No precipitate observed,
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TAZLE &, Serologleal reactions of SMV, SMV.M, SMV.DTG tested by

the ring interface test.

Reciprocal of Antigen Dilution

SMY JV-DTG SMV-M
Reciproeal
of Antlserum 20 4O B0 160 20 40 B0 160 20 L0 80 160
Dilution
SMV=N
20 _ + + 4+ + o+ o+ + M M+ +
4o + M 4+ + + M+ + + - o+ +
MVl
20 0 0 ++ <+ o o 0 0 o 0 0 0
Lo 60 0 = + 0 0 0 0 0 0 0 0
SMV«0
L0 = o+ o+ 0 M 4+ + 0 M+ o
Saline - e - - - - - - - - - »
Buffer - = - - - - - - - e - -
Saline + serum = -« - - - - - - - - - -

5911!'1@ + ﬁm L - L4 - - L -’ L ™

a
Key to table symbols: +, precipitate observeds -,

0y this dilution was not tried; M, reactants mixed.

no precipltate;



L8

phosphate buffer, pi 7 was used. These served as calibration standards,
These were then centyifuged for 2 hr at 109,84k g in the 5B-110 rotor of
the International ultrescentrifuge at 4 0. The tubes were observed for
the presence of visible zones, None were observed in either of the SMV
isvlates. When the gradients were fractionated with an IS0 model D
Dansity-gradient Fractionator {Instrumentation Specialties Co., Inc.,
Iineoln, Nebraska) end seanned at 254 nm with an ISCO UA-2 UV analyzer,
& peak was obtained at 11.5 ml for the 3HV prepavetions, Twe peaks were
ohserved for UPHV, one at B.25 nl, and the other &t 10,2 ml. THYV banded
at 15,3 ml., The KV bands were collected and tested for infectivity on
KWP bean without further treatment. These were net infectious. On the
other hand, the psllet cbserved at the botton of the tube in which the
3MY isolate was run was slightly infectious, giving 15 lesions per half~
leaf,

A second experiment wes tried in which elarified sap extreots of
5KV were used. For this, 8MV was produced in Bansel soybeans. The plants
wore inoculated with extraects obtained from Bansel seedlings infected
through the seed., Galves® (9) method was used with some modifications.
A 131 (wt/vol) dllutlon of extract was prepared in (A) 0,02 }, pH 7.3
trds-HCl, and in (B) 0.01 ¥ pif 8.3 borate., One percent 2-mercaptoethanol
was added to the buffers used for grinding the tissues, 7o half of
extract A 7% butanol wes added and this was designated ¢, Half of
extract B was also clarified with butancl and designated D, The ex-
tracts were allowed to stand overnight at 4 ¢ and centrifuged at 7,710 g
for 20 min the next day. Two nl each of the supernatant fractions were

then layered separately on suerose gradients prepared in the approp

buffers. These were centrifuged at 90,433 g for 2 hr.
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When exanmined visually, failnt bands were found in the tubes cone
taining SMV., A single band each was observed in A, C and I, These were
located at approximately 1.5 em below the meniscus. Three bands were
observed in preparation 3, located at 1.5, 2.3 and 2.9 cm below the nmenis-
cus, Preparation C was fractionated through the gradient fractionator;
however, no peaks were obsexved, probably because of the presence of
interfering host constituents, Two ml samples collected and assayed
for infectivity were not infectious. For the other three samples, there=-
fore, the bands were individually collected with a hypodermic syringe
equipped with No. 23 gauge needle. These were tested for infectivity
without further treatments. The single bands in preparations A and D
were not infectious, Similarxly, no infectlion was obtained with the top
two bvands of B, but the third band was slightly infectious, giving 11
lesions per halfeleaf on KWP bean.
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At least three viruses known te infect soyheans can induce seed
coat mottling on this host. These are SMV, TRSV and BPMV., SMV and TRSV
are seed-transmissibdle (b, 6, 9, 11, 21, 22), while APMV is not (21, 22).
The thyes viruses can be identiflied on the basls of hest range, vectors

and properties.
The sugpested indieator hosts for THSV are tobacco, Chenopodium

lor, Vigna unguiculate and Datura stramonium (16). For RPNV,
Phaseolus vulgeris 'Pinto®, *Pencil Pod Wax®, *Tendergreen® (27) are the
indicator hosts., For SHV Cyamopsis tetragonoioba, P. lathyroides,
Canavalis ensiformis and K¥P bean (9, 20, 21, 31) are useful hosts, SHV
is transmitted in a stylet-borne manner by aphids (&, ¢, 20). TRSV has

several vectors including grasshoppers (7), nematodes (8) and mites (28).

The SMV isolate investigated was identified on the basis of its host
range, properties in orude sap, seed and aphld transmission, crosse
protection and serologleal reactions. The virus was easily transferred
mechanically to known SMV indicator hosts, KWP bean, Cyamopsis tetragonoloba,
Canavalis ensiformis, and P. lathywoldes. Typleal symptoms were observed
B8 reported earlier by Walters (31), Galves (9), Quiniones and Dunleavy
(21}, Guantz (20) and Ross (23).

Host range data confirm the observations of other workers that &MV
has a narrow host range. The lsolate investigated seemed to be more
limited in hosts in that no species outside of Leguminosae was infeeted.
It would therefore appear more limited in its hosts than the isolates
studied by Galvez (9) and Quiniones and Punleavy {21) who reported in-
fection of some Chenopodium species.
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ZJome new hosts were found for SMV. They are Cassia florida which
was infected systemleally, Homano bean on which chlorotie lecal ringspots
were induced, and Royalty Purple Pod bean on which tiny necrotic local
lesions developed.

The temperature at which ilnoculated plants were Incubated appeared
important in symptom expression. Thus in soybean cultivars, more severe
symptoms appeared when plants were grown in cooler temperatures of about
18«22 . More seedlings showed seed infectlon also when grown at these
temperaturses. Ilowever, the incubatlon peried was longer than when plants
were kept at 24-30 €, At the higher temperatures, symptoms were generally
milder, and often in some variletles symptoms were transltory. BSeedlings
grown from mottled seeds looked normal, and virus concentrations were
generally less in such plants, The effect of temperature on symptom
expression may be important, particularly when assessing the amount of
seed transmission of SMV based on symptoms alone and without other methods
of assay.

On the other hand, wermer temperatures of about 24-28 O favored
sympton development on other legumes, Of particular interest 1s the
effect of temperature on leslon production in KWP bean, the assay host
used. The data on SMV confirmed Rose results on the requirement for high
temperatures (30 C) for maximum susceptibility of this host. While de-
taching the inoculated leaves, floating in 2% sucrose then ineubating
these at 30 C was somewhat inconvenient, the best resulis were obtained
in this manner.

The observed temperature effects on symptom expression in suscepts
confirm the observations of Conover (4} and Walters (31), who reported

that best symptoms on soybeans appeared at 18,520 C and that masking
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occurred when temperatures were above 27 C.

The 15 varieties of soybeans tested were all susceptible. Symptoms
varied from mild to severe. Tn most cultivars necrotic loeal lesions
were observed, The percentage of seed motiling and seed transmission
alsc varied with the cultivars tested, For instance, only 5% mottling
was observed on Kent, whereas this went up to 30% on Cutler., Seed transe
mission also varied from 5% in Calland to 437 in Shelby. The seeds
generally were small and usually flattened. In the field grown cultivars
¥ent gave the highest percentage of motiled seeds, whereas Bansel gave
the highest percentage of seef transmission,

Myzus persicae transmitted SMV in a stylet-borne manner. The data
agrees well with reported aphid transmission of this virus (4, 9, 20).

It 1is interssting that test plants showed symptoms earlier when the

aphids acquired the virus from P, lathyroides than from soybeans. This
may be related to the feeding habits of M. persicae. Observations ine
dicated that P. lathyroldes was a preferred host with the aphids feeding
more actively here than in soybeans. It is also possible that the aphids
acquired more virus in this host in the process of feeding, Alsoc, at
highar temperatures as during summer when these experiments were performed,
it could be that virus concentration in P, lathyroides was higher than

in soybeans. No studies were done to determine the concentration of SMY
in P. lathyroides, however,

SMV reached a maximum eoncentration in plants 12-14 days after
inoculation and then gradually decreased, so that after 26 days no virus
could be detected, This may indicate that virus inactivation occurred
in vivo., Quiniones and Dunleavy (21) obtained maximum virus concentration

with the SMV isolates they used 25 days after inoculation. They used
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Zansel soybesn as the production host and whether there may be diifer-
ences 1n peaks of virus tlters with the cultivar or the virus isclates
used was not tested, Ross {25) reported that some isclates of GV proe
duged higher concentrations in scme soyhean culilvaxys than in othexs.

Phosphate le hnown to inerease the numbeyr of lesions on beans
mnainly by inereasing host susceptibility (35). It was thereiore the
bulfer chosen in experiments on the effect of buffer coucentration and
P oon SHV. On K0P bean, it was found that the greatest lealon numbers
developed with neulral phosphate when used at 0.07 }i. It is interesting
that when foyaliy Purple Pod bean was used as the locel lesion host, more
leadons developed when extracts were prepared in distilled water. The
reason for this is not known, and no further experiments were done to
detexnine why this should be sc,

Dxtracts of SMV were infectious at 1:1000 dilution bui not at 1s5000,
and infectivity was retalned for only a day. In both these preperties,
the results agree with those of Quantz {20). Some infectivity wes
observed alfter heating at 57 but not at 58 €. This chaervation agrees
with that of Plexve (19). The low virus yleld, thexrmal death polnt,
and short activity in extructs may be due te the propertics of the virus
isolate itself or to the low virus concentration in the production host.

Freouing of voth leaves and buffered extracts completely inactivated
SV, Un the other hand, Galves (9) reported that infectivity was retained
in frozen extracts up to four monthes. Again this may be a oharacteristie
of the isolate itself,

Two atiempts to purdfy SMV using foss' {23) technigue did not yleld
a preparation of sufficlent virus titer useful for studying the virus in
pure Torms Several factors and ressons may explain the low yields of
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purified virus obtained. Kent soybean was the production host, and
infected leaves were harvested 14 days after inoculation, At this
time virus was at maximum concentration, based on infectivity assays
to determine the effect of age of infection on concentration.

Aggregation and denaturation were serlous problems in attempts to
purify SMV. Evidence that these occurred was shown in density gradient
centrifugation. Thus bands that were located above the infectious band
were not infectious whereas the pellets were. Density gradient centrifuga-
tion of ecrude and purified preparations also provided evidence that SMV
did occur at low concentrations in soybeans and that most of what was
present was lost in the preparative techniques. It could be that choice
of a better production host and some manipulation of and changes in the
buffers and ionic concentrations used might reduce this. These were
not investigated in these studies.

Serologically, the SMV investigated reacted positively with antiserum
prepared for three known SMV isolates. The extent of this serological
relatedness is not known as both antigen and antisera were of limited
quantities to permit extensive study of this area.

Cross-protection experiments also provided evidence that the isolate
studied is related to other known SMV isoclates. The absence of the
second seed-borne virus, TRSV, was shown conclusively by the lack of
protection upon challenge~inoculation with TRSV in soybeans. Serological
assays made by Dr. A.Q. Paulsen to determine the presence of BPMV, CPMV,
and TRSV in crude and purified preparations also provide evidence that
only 8MV was assoclated with the seed-borne virus originally isolated
from Harosoy x Cl069 seeds.

Tt is concluded that Cyamopsis tetragonoloba, Canavalia ensiformis,
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Qagsia florida, and KWP and Romano beans may be useful as indlecator
hosts of the SMV isolate investigated, Identification would be more
specific by the use of other methods, however, inecluding seed and aphid
transmission, structure, serology and other properties of the virus.

The SMV isolate studied failed to infect systemically certain legumes
which have been reported as systemic hosts. Also, in repeated trials,
Chenopodium album and C. gulnoa were insusceptible. In comparison to
the two other isolates (SMV-M and SMV-DIG) used here, the Kansas SMV gave
nilder symptoms on soybeans. Alsc, based on the limited data obtained,
particularly with field-grown soybeans, the Kansas isolate induced less
mottling and less seed transmission than published reports. These differe
ences may indicate inherent characteristics of the Kansas isclate and

would reflect variations in the isolates themselves.
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SUMMARY

A virus originally isolated from mottled Harosoy x Cl069 seeds grown
in Kansas was identified as soybean mosaic virus (SMV) on the basis of
host range, methods of transmission, properties in crude sap, serology
and cross-protection.

Clark 63 and Kent soybeans were found to be good propagative hosts,
while Kentucky Wonder Wax Pole (KWP) bean was considered a good local
lesion host. It was necessary to incubate the inoculated leaves of
KWP bean at 30 C for maximum susceptibility.

SMV infected 6 legume species out of 21 tested. Cassia florida and
Phaseolus vulgaris 'Romanc' mnd 'Royalty Purple Pod' beans were found as
new hosts. On G, florida a systemic mosaic was induced while only local
necrotic lesions developed on the beans. On other hosts, symptoms varied
from localized chlorotic and necrotic spots to a systemic mosaic. Twenty-
one nonleguminous species belonging to 8 families were not infected.

The virus was seed-borne in soybean. In limited tests, mottling
percentage as well as seed transmission varied with the cultivar, but
was generally low, A reduction in pod set and seed size was observed,

The aphid Myzus persicae Sulz. transmitted the virus in short
acquisition and infection feeding periods. This indicated it is stylet-
borne.

In Kent soybeans virus eoncentration increased up to 14 days after
inoculation and decreased gradually thereafter. Greatest lesion counts
were obtained with 0.03 M phosphate buffer pH 7.0. In crude extracts,
some infectivity was detected at 1:1000 but not at 135000 dilution,

Virus tolerated heating at 57 C. Crude extracts kept at 22-26 C were
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infectious only for & day. Diced tissue was still infectious five months
after desleoation. Freesing leaves and extracts insectivated the virus.
SV protected Kent soybeans against challenge-infection by two
known soybean mosaie virus isclates, SMV-M and BMV-DI0,
By the microprecipitin and ring interface tests, SHV reacted
serologloally to 8MV-M, and SHV-0, antisers but at a lower titer than the

homologous antigen. SMY also reacted positively with antiserum of &

Pole® may be used as indicator hoats.
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A seed-borne virus cbtained from mottled Harosoy x (1069 soybeans
was ldentified as soybean mosale virus (SMV) by host range, methods of
transnission, properties in erude sap, and serclogy. Of 42 specles in
9 fanilies only 6 leguninous species were susceptible. Cassis florida
and Phaseolus yulgaris *Homano® and ‘Royalty Purple Pod® were found as
new hosts, Virus was both seed- and aphid-transmitted. Clark 63 and
Kent soybean varieties were used as the production hests and P. vulgaris
*Kentueky Wonder Wax Pole® (iWP) bean as the amssay host. Crude extracts
were infectious at a dilution of 111000 but not 115000 and after heating
for 10 min at 37 ¢. Crude extrect was infectious for only one day,
Deslocated tissuves atored at & C were still infectious after 5 mo,
Freesing inactivated SMV, SHV gave a positive serological reaction to
three known SHV isolates. FProtection was obtained in soybeans against
(hio and Jowa isolates. Soybean cultivars showed differences in percent
of mottling and seed transmission.



