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INTRODUCTION

The firet part of this report is concerned with the determination
of the host ranges and the identity of three virus diseases of leguminous

crops grown in Oklahoma,

The virus disesses studied were those of crotalaria, sesbania, and
cowpeas, All of these legumes are of some economic importance in Oklahoma,
Both crotalaria and sesbania are grown in Oklahoma as soil building green
manmure crops and though at present they are not grown extensively, they
are becoming more widely used for this purpose. Cowpeas have been grown
in Oklahoma for many yeare for soil improvement, They are 2lso harvested

for hay and for their seeds as well ae being used for pasture.

Little research has been done on the viruses attacking either crotalaria
or gsesbania, but several virus diseases of cowpeas have been investigated
and reported. In this study an attempt has been made to identify the three
viruses and to determine whether they are asmong those already known or

whether they are new to science.

The second part of the report is concerned with the use of the electron
microscope in studying the morphology and structure of various plant viruses.
In this section the necessary steps and stages in the purification and preps-
ration of the viruses are discuesed, and there ie a general discussion of

the techniquee involved in thies type of research,

The development of the electron microscope in the past few years has
made it possible actually to see the form and structure of viruses and has

opened up a whole new field of virus research.

—1&
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CROTALARIA MOSAIC
Economic Importance of Host.

Crotalaria spp. generally known as rattlebox, has assumed economic and
commerc ial importance in the United States in the last twenty years. The
plant has been grown in India and other troplc2l areas for much longer
periods, Three species are grown commercially in the United States, Cro-

talaris spectabilis Roth, C. gtrista D.C. and C. intermedie Kotechy
(MeKee and Pieters, 1937).

In Cklahoma, Crotalaria spectabilis is ueed as 2 green memure crop, but
cannot be used for hay 28 most of the species are poisonous to livestock
(Ligon, 1947), The fact that most species are polgonous to livestock makes
the plant especislly useful for the purpose of building up the soil, as
farmers growing the crop must plow it under and cannot successfully use it
as 2 hay crop, It is also useful in ridding the soil of nematodes as they
are unable to live on Crotalaria, In addition to this the Crotalaria plant
supports the growth of certain orgznisms which are the natural enemies of

nematodes,

A virug disease of this plant would therefore cut down on the amount
of foliage produced and thus limit the value of the plant as a green m=nure
crops as well as limiting its value for nematode control work., Further,
depending on the host range of Crotalaria mosaic, the yielde 6f other plants
and cropes of economic importsnce might be reduced by infection with the

Crotalaria mosaic virus,

Source of TVirus.

The Crotalaria virus under consideration was discovered by K. Starr

Chester. It had been present for sever-l years in the experimental plote
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at Stillwater, Oklahoma, Five fiald plants were found to be infected with
a bright yellow mosaic, accompsnied by severe stunting and some distortion,
Theee plante were potted snd placed in the greenhouse and preliminary ine
fection tests were made by Chester. Tests on Turkish tobacco gave no in-
feetion, but inoculatione into five plants of C. spectabilis Roth in a
period of approximately three weeks yislded one plant with symptoms of a
bright yellow mosaic and one with symptoms of a green mosaic, Investiga-

tions were carried out with the bright yellow mosaic exclusively.

Review of the Literature.

Iittle hae been reported on mosaic diseases of Crotalaria. Frseman
Weiss of the United States Department of Agriculturs has informed me that
he has received reports of mosaic disease on Crotalaris mundyi. C. spec-
tabilig Roth, C. striata D.C. (= C. mucronats Desv.), and C., ussramoensis
Baker in Oklahoma. According to Weiss this virus has not been identified,
He also reports a mosaic disease of C. spectabilis in Texas which is atbri-
buted to a pea virus, A mosaic of the following Crotalaris spp. character-
ized by mottling, leaf distortion, and blistering, stunting and shoot pro-

liferation occurred in test plote in Virginia: C, incana L., C. intermedis

Kotschy, C. lanceolata ¥, Mey., C. maxillagis Klotsch, C. spectabilisg Roth.,
C. striata D.C. (= C. mucronsta Desv.), and C. usaramoensig Baker. This
mosaic is communicable to Vicia faba by juice inoculation (Johnson and
Lefebvre, 1938). A mosaic disease of C. mucronats occurs in Puerto Rico
which is not seed borne (Cook, 1931)., A mosaic disease of C. juncea has
been reported in Japan and one of C, galtiana Andr, in China., Zaumeyer
(1940) induced a mosaic in C. retuss L., C. spectabilis and C. mucronsta

by ertificisl inoculation with one or snothor of the following viruses:

pen mogaic 4 and 5, alsike clover mosaic 1 and 2,
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Materials and Methods.

In attempting to determine the host range of Crotalaria mosaic the
following plants were used: Crotalaria incana, Jimeon weed, Datura
stramonium L., tobacco, Nicotiana tabacum L. war., Turkish, Chinese and
Groit cowpeas, Vigna ginensig (Tomer) Hasek. tomato, Lyco icon

esculentum Mill, and Vieia faba L.

In all cases inoculations were made in the following manner: The
juice from a diseased crotalaria plant was expressed by grinding some
of the leaves with a mortar and pestle. To thies juice, in order to
increase the volums to some extent and also to hold the virus in a neu-
tral medium, was added a2 few c.c. of a potassium phosphate buffer solu-
tion of pH 7, made according to the direetions of Clark snd Ludbe. A bent
glaes spatula bound at the bent and flasttensd end with cheese cloth was
then dipped in the solution, The leaves of the plsnt to be incculated
were then dusted with Celite 535 in order to facilitate the antrance of
the virus into the host plant, asnd the spetuls, wet with the virus solu-
tion, was gently rubbed across two or three of the leaves. After a period
of a minute or two the leaves were sprinkled with water to wash away the
plant materials contained in the inoculum and further fzeilitate the en-
trance of the virus into the plant cells, The plants were then observed

periodically for 28 long as two months in the case of Jimson weed,

Beeultas of Inoculations.

Crotalaris incans L.
On March 17, 1947 ten plants of Crotalaria incana were inoculsted with

Crotslarie mosaic of the yellow mosaic type. On the 10th of April four of

these plante ehowed symptoms of the disease which scon became pronounced.
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The mosaic consisted of a bright yellow mottle; producing some dis-

tortion of the leaves and stunting. The yellow areas in general coneisted

of bands or streaks running approximstely perpendicular to the long axis

of the leaf,

Attempts were made to tranemit the disease from the four infected
plants by mesns of & dodder bridge to other healthy plents. Dodéer, Cus-
cuta campestrig Tuncker, was allowed to grow on the disersed plente until
it had made a strong connection, It was then allowed tn meke a similar
connect ion with healthy Crotalaria plants and after a period of from three
days to a week the connection was broken. In no case was the virus trans-

mitted through the dodder,

Datura siramonium L,
On March 17, 1947 one half of a flat containing more than 60 Jimson

weed plents was inoculated with Crotaleria mosaic using the method of
inoculation already descoribed, The half of the flat which was not inocu-

lated gerved as check plante,

Thege plants were observed periodically until May 21, 1947, or over
a two monthe peried., At this time the plants showed no symptomes of in-

fection and were discerded.

Nicotiang tebacum L,

Seven placts of Turkish tobacco were inoculated with Crotalsria mosaic
on March 1, 1947, After observatior for a period of rix weeks no symptoms

of infection appeared and the planitsg were discarded,
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Vigna sinensis (Torner) Hassk,
One quarter of a flat of Groit cowpeas and one quarter of a flat of
Chinese cowpeas were inoculated with Crotalaris mosaic on March 1, 1547,
snd observed for a six weeks period. These were discarded at the end of

the period as no symptoms were in evidencs.

Iycopersicon esculentum Mill,
On March 1, 1947, one half a flat of tomatoes were imoculsted with

Crotzlaria mosaic and observed for a period of five weeks. The plants

wers totally symptomless at the end of this time and were discarded,

Yicia faba L,
Ten broadbesn plents were inoculated with Crotalaria mosaic and
obgerved for a period of three weeks. ¥No infectlion had occurred at the

end of thie time, 2ni the plants were discarded.

Digcussion,

Ap already pointed out, little pathological work has been done with
any of tho viruses of Crotalsria. It is impossible to determine whether
or not this is the same virus of Crotalaria as that reported in the "Plant
Digease Reporter" from Texas and Oklshoms, as no description of this
mogsaic 1s ziven in the 1llterature. It is apparently not the same virus
ag thet raported from Virginiz in the "Flant Digease Reporter”, for it
doee not produce blistering or shoot proliferaticn, znd dses n&t infect
Yicla faba, TFrom all that can be determined this Crotalaria mosaic is
heretofore undeseribed in any of the literaturs. It is regrettable that
inoculum of this wirus could not be preserved, but the virus was loet due

to root disezse in the host plants.
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SESBANIA MOSAIC
Economic Importance of Host.

Segbsnia spp. is grown as a soil building green msnure crop (Ligon,
1947), At present it is grown only on limited areas throughout the
State of Cklahoma and when closely drilled, produces 1% tons of green
matter per acre or about 4 tone of dry matter. Here again, as with
Crotalaria, a virus disease would in all probability reduce the amount
of green menure produced and would be of further possible economic ime

portance depending on whether or not it attacked other crop plants.

Review of the Literature on Sesbania Mo

Very little pathological work has been done on the virus disesses
of Sesbania. Weiss in "The Plant Disease Reporter” does not list any
virus diseases of this plant, and Sesbania hag received little notice
in the general literature, At present Sesbania ig cultivated on a
comparatively small scale and for this reason, if no other, has received
very little attention, Johnson (1942), however, in his work in the
viroplasm hypothesis found a virus disease of Sesbania macrocarpa Muhl,
which was symptomless on the host plant but which caused virus infec-
tion in soybeans. Johnson has not included any descriptim of the symp-

toms caused by this virus on the soybean,

Mogaic.

As shown by the host reactions which follow, Sesbania mosaic was found
to infect Ogden soybeans. The poseibility exists, therefore, that the
mosaic originally found in Sesbania may be an already recognized virus
disease of soybeans and a review of the literature on soybean mosaic is

therefore presented.
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Soybean mosalc was Tirst found in this country zbout 1915, This
virus has been described by Gardner snd Kendrick (1921) as produeing
stunting of the plante and petioles and shortening of the internodes
to some extent. Ieaflets are stunted, misshespen, and puckered with
dark green puffy arezs along the veins., The leaf is etiolated between
these puffy sreas and the leaflets tend to De asymmetrical, twisted,
gnd curled downward aﬁout the mergins, In sddition to these typical
mosaic symptoms, they further found a bronzing of the young leaves pro-
duced by a brown discoloration of short segments of the veins, and large
splotches on the older leaves produced by a lace-like yollowing or

browning of the veing (Kendrick and Gardner, 1924},

Reports of virus disesses of soybeans and the damage caused by
the virus come from all over the world, Heinze and Kohler (1940)
report 2 mosaic of soybeans in Germany which is clesely relsted to
or identical with that deseribed for North America. A serlous mosaic
of soybeans is reported from Uganda, Afriea, csusing severes stunting
of the plants with thickening, wrinkling and curling of the leaves
(Bausford, €.8., 1934), In Shentung Province, China, infection of
soybeans rangee as high as 100%. This soybesn virus is undescribed
but reported as being important in all soybean-growing regions of the
country {Yu, 1939). Soybean mosaic has 2also been found in Quebec,
Canade (Dickeom, 192L), ard irn Bumsnis by Ssvulescun, Sandu-Ville,
Aronescu, and Alexanéri (1936). These Rumanisn workers found that sey-
beans suffered logses in mony districte from three forms of virus

diseagses! leaf curl, brown mosaice snd yellow mosaic,



Miaree {1935) warklag with o soyhean virus found thet the following

hosts vere pot susceptliblo te the virus: Pleum sativom, Pheseolus wyulgoris,

¥iels fabs, Helilotus officinnlis, Trifolium pratense, Zrifolium repsns,

o sative, Hicotisns tnbacum, 20d Fetunis hybridsa., Ze dseceribes the

Fedlos
vires s belng cherscterized by ﬁgitli rg of p vors or lase wiid {yge under
graeenbouse conditione, lenves wers curled downwerd sné malformed wish
derk-green srese interspersed nver & light green {cehlorstie] baskground,
Johnson and Hohler (1563) sinte thob soybesn mosnie mow sppesre 45 be eom-
man {o 213 seloer soyborn geoviag srezs, They found symptoms te consipt of
& distoption of the lasver with devk green pouches elong thp roine or over
the entire leaflastes. Affected plents are stunted in growth, heve £lattened
and stunted pode, and the yisld of seed iz neterially reduced. The disease
ig soed Eorne and moehopicslly tronswissibie from plant to plent. They
faupd thet in addition te these typicel mosaie sympious, the leaves may
remzin smosth, the surfzce beeoming ®sherply motiled 1w snguler duosimme”.
In other ecases the lenf is wrinkled sr crinkled guite A4ffcrently frem
ihg puckering found in the first cnen. As pointed out by the suthovs,
-the wvariety ol gymptoms suggests that There are ssvorel coyhosm viruses

rather then one, Mifferent varieties moy slso produce comewhnt diffarent

aymptoms,

Source of the ¥irus.

In the f21l of 1946 o sinsle nnturslly infreted Secbenis plent wae
fonnd by K. Starr Choster in lwpoariment Station plantiuge st Chlahom dgri-

enltursl =nd Ueechsnienl Zollege. The plent wes potied and plecad in the

gresvhongs by Chester.

Symptome accompanying the diseass wers a modernte green mottling,

distortion, znd stunting.



Prelininary Tests,

Preliminary infection tests were made by Chester. Three plants of
fTobacco ", one of several species originslly obtained from L. C. Kunkel,
were'inoculated with the Juice from the diseased Sesbania plsuné. After o
period of two weeks no infection was observed. Three plante of Turkish
tohaceo were also inoculated, bubt gave no sympioms of infection, Sixty
Sesbania plants were inoculated with fresh virus juice using 2 cloth-
covered spatule a2nd water, Many of the plants inoculated in this manner

showed infection,

Materiale and Methods,
The same methode were used in alttempting tranemigsion of thie disease
to various hosts as were used in the transmission of Crotalaria mosaic.

Attempts wore made to transmit the virus to the following hosts: Datura

stramonium L., Cucumisg sativne L., Nicotians tabacum L., Vigna sinensie

e ———

(Porner) Haesk., Lycopersicon esculentum, Mill., Segbenis grandiflora

Foir., Nicotiana glutinosa L., Pisum sativum L,, Soja max (L.} Piper, and

Phaseolus lunatus L,

Eesulte of Inoculetiona.

Dotura stramanium L,
One helf a flat of Timeon weed was inoculated with Sesbanizs moesic
uveing the usuel nathods of inocvlotion and nfter observation for a2 perioed

af zbout nlne weeks was disesrded as no symptoms had appeared at this time.

Cucumis sativus L.
One half a flat of cucumber plants were inoculated with Sesbania
mosaic and observed over a eix weeks period. The plants were discarded

at the end of this time as no symptoms were in evidence.



o 1 1»'-3

Dicotiana tabacum L.

o

21lowinz fncculation of seven plants of Turklsh tobseco with Sesbania

£=

1=

mogale virus and obssrvation for five wesks, no symptoms developed and the

plants were diascarded,

Vigna ginensis {Torner) Hassk.

One half a flat of Chinese cowpeas, one ocuartsr of a Tlat of Groit
cowpeas, énd one half a flat of Black cowpeas were all inoculated with
Segbanis mosaic., After observation for a perilod of from four to five weeks
all were diecarded except for a aingle Groit cowpen plants, This plant was
thousht to show posasible symptoms of 2 virus disease, It was therefore
potted snd observed for approximately two months at the end of which time
81l previous symptoms had disappeared and the plant appeared to be perfectly

normale

Lycoparaicon egculentum Mill,
Obseryation over a five weeks period of one half a flat of young
tomato plants inoculated with gesbania moselc showed no symotoms of disease.

The plants were discarded =t this time,

Micotians zlutinosa L.

Ten pots containing one plant ezch of W. gluiiness were inocculated
with gesbanis mosalc and inspected frequsmtly over a periled of one month.
Ho symptonmsg of dlgease hoving appeared at this time, ﬁhe vlants were

discaried.

Pleum sativam L,
Infection tests with ome half 2 flat of American Wonder Fems chowed

no symptoms safter two monthe,
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Phageolug lunatug L.
Infeetion tests with half a flat of Push Lima Beans ylelded na

Symptoms after two monthse,

Segbanis grpndifiora Poir.

Ten young Sesbania plante ware inoculaisd with Sesbanie mosale. At
the end of approximately ons month'e time 211 10 plants showed itypical
symptoms of the mosaic. Mosmic gymptoms in Seshanis are cheracterized by
a mottle of the leaves and a pronounced puckerlngs znd dlstortion, the
latter very pronounced on some leaves accompanied by stunting and dwarfing
of the plant, The diseased plant mzy often recover; at least for e period,
from the effects of stunting'and attsin normal or nearly normel size,
wvarfing snd stunting seem Lo tobke place primsrily iz the young infected
plent. As hb nl at meturves 1% appeare to overcowe this effect and sseume

normal size

(ﬂ

8., The other syuwptons spparently persist throughout the life of
the plant, i.e. mottles puckering of the laaf surfsces snd lesf dlstortion,
altheugﬁ these sympioms may eppesr more pronounced at one time then at
snother. Partieculerly Coes this variation in symptems appear in the case

of plante kept ia *be greenhougse during the summer whern temperstures range

D(j

from QO“ to 120% D av evan higher. Under these coanditions the symptoms

becone Maskﬂd and do not becowe pronounced again untll eocoler westher has

Az 1s the cage with meny viruses, the symptoms are generslly notice-
gble firat on the young leaves, Whils ihe older lecves may sppesr normel,
three weeksg to one monthisg time after inoculation with Beebenis moraic,
the newly developing young leaves will begin to show a characteristic

mottle, distortion, and puckering, and as the lsaves develop, the puckered
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condition becomes more pronounced and at least some of the leaves become

s0 distorted as to be herdly recognizable,

Soja mez (L.} Piper

Twenty-two young soybesn plante of the Ogden warieiy were inoculated
with Seghania mesgaic, After 5 period of from three weeks to'a mnanthe
seventeen of the plantes chowed infeetion with the moseic. Subinceulations
were then made from the disessed te heoalthy soybesn plants and these in
turn shoved definite symptoms in s period ranging from three weeks %o a
moethls time, Following this, cross=inceulations were made in which
healthy soybeans were inoculated with the.juice from disesged Sasbanis
plents while heglthy Sesbonia was inoenlated with the juice from diseaged

soyhesng. Ten healthy plants of soybesns and Begbanis were used, 41l of

the plants inoculated showed eymptoms of the diaesase.

Symptome on Soybesns.

Ozden smoybeans infected with Sesbanla mosaic are stunted in growth

"

and dwarfed in zopearance. The leaves are charscterized by an intenee
pnd eteiling motile showing wery sharply econtrasted symas of yellow and
dark groen, Thees alterasbte dark and green aress ere generslly angular
in sppearence snd give the leaf n flecked sspect. v some leaves the

vellew eblorotle areae predominste while en others the green areas are

predominant,

Trangmiecion attemnts with dodder.
Abtempte were made to travemii Sesbsnis mosaie tn beth Seebania and

P

cowpeas by Meane

ef 2 dedder bridgze veing Cusents crmpestris Yuneker,

The sttempte were a complete feilure es it was praetically impoesidle to

cause the dodder to attach itself to the Sesbanlia plant, This may be
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of the strain of dodder which was used.

Loncluaions.
As shovn by the preceding erperiments, the mosaic originslly found
on Sesbanie is readily transferable into Ozden saybeans =208 Juet 23 sasily

transferred back into hemlthy Sesbania plante,

Symptoms of the disesse on soybosns strongly suzgest thet 1% ie osne of
the less common soybeen mogaics described by Johnson and Kohler {1043} and

described hers in the review of literature. Partieularly dnees the sngular

7

-
rranhed

{

design of the mosaic infection on the leaf as described and nhntn
by them suggest that the virus originally found on Seshania is the same as,

or very closely related to, their'soybean mosaie,

It iz corbain thsi Sesbania mosaic ie not the same aa the ordinary

type of cowpes mosmic as descriled by several authers,

COWPEA MOSAIC

Heonomice Importance of Hostb,

Cowpese have beon grown in Oklshoms for mony yeare., About helf the
cowpens grown in the State in the laet few years have been used for purposes
sf soil improvment. Part of the erop is harvested for hay, part is used

£o7 pusture aad the remainder is harvested either for the edible seed or

4
b

for purpeses of desd, Dus Lo the increase in the uge of cowpeas for pur-

poase of zoil improvewmenb, any covpea mosalc may become an lmportent factor

in cowpen production. Ia the case of the use 0f the seed for geasd certifi-
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catlon a mosale would be of the greatest importance, ss seme mosaics of
the cowpoa have beon shown £0 b2 sesd DHorne s2nd moy infect a2s much as
30 to 40O percent of the seed. In one known instance & LD-acre field of
cowpeag in Oklshoms was disgualified for certifiecation because it was

106 pereent infected with mosale.

Saurce of the Vipua,

In the fzll of 1946 a strain of covpea mosaic wes found by E. Starr
GChester in s Tield plant in Beperiment Statlon plantings at S:illweter,
Oxlebema, This plant was potted and plaoced inm the greenhouse by Chester

who made preliminsry Infeetion teste with the virus.

Preliminary tests,

e,

On Ociober 17, 1946 three plants of tobacco ¥, already described under
Sasbania Mosaic, were inoculated by Chester with Cowpea Mosaic, These
plants were observed 2% various periods until Wovember 9 st which time no
infeetion had oecurred, Tnree plants of Turkish tobacco were then inoculsted
and in & period of about three weeke & light green mottle was noted on one

of these plantes, This plant iater developed necrotic systemle infection

Efy

of tobaccu ringspos type. Subinoculations from the disecased Turkish tobaeco

3 W ey

plant 4o three healihy planis of Tarkich tobacco causad the apnearance of
sytipboms in nine deys' time. At this time two of the plants showsd large
necrosic leocal lesiong, thin and transparent. Prwo weeks later these showed
iypicel syaﬁemi¢ noaerotie ringepot. Aa there was no virus of this type in

enlture in the greenhouse st the tlme, there was little chance thst the

infection was aceidentnl,

HReview of Literature on Tobscco Ringespot.

Ringspot infection on some of the sagronomic varieties of 1. tabacum

in Virginis was reported in 1922 by Fromme and Wingard and in 1924 hy
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Wingard and Godkin, Wingard (1928) states that the symptoms of the disease
are restricted to the leaves of most of the host plants, but may appear on
the stems and fruite in some cases. Infection usually results in the forms-
tion of rings and linee that spread out in a sigzag manner. Wingard has
divided the hoste infected with tobacco ringspot into four groups depend=
ing on the type of symptoms found on the veorious hosts and has grouped those
wvhich show strikingly similar symptoms together. Valleau (1932) has shown
that there are at least two types of tobacco ringspot, the common type of
symptoms being recognized by the presence of large chlorotic and necrotic
ring- and-line patéernn. With this type of tobacco ringspot the leaves
retain nearly norla._l color and appearance. The chlorotic pattern is various
shades of green with little or no yellowing. The other strain of the virus,
however, causes the formation of distinctly yellow patterns. The entire
leaf of the plant becomes bleached slightly or turns a light yellowish green
to nearly white. In the case of infection with the green type of ringspot,
the lower leaves of the plant are generally infected with a chlorosis,
giving a blotched sppearance, which seems to be a symptom of ringspot.
Valleau further states that ringspot virue, either of the green or yellow
types retards the development of the pollen graine and he suggests that
ringspot virus may csuse pollen sterility. As shown by Price, (1932), sev-
eral species of Nicotiana infected with tobacco ringspot show "recovery"
as a normal behavior of plante infected with the disease and they do not
develop further symptoms on reinoculation with the disease. When inocula-
tions are made from tobacco plants infected with tobacco ringspot to Vigna
sinensip, typicsl red lesions develop on the surfaces of the inoculated
leaves, and the number of these can be used to determine the concentration

of the virue (Price, 1936).
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Review of Literature on Cowpea Mogaic.

There has been comparatively little published in the literature on cow-
pea mosaic. TFlliott (1921) first reported a cowpea mosaic in Arkansas,
This disesse was later found in other states, but as far se is known, no

pathologicel work has been done on the Arksnsas virus.

McLean (1941) reported a cowpea mosaic at Oklghoma Agricultural and
Mechanicel College which csused a severe dwarfing of the cowpea varileties
Progressive White and Arlington, Other symptome of this disease were vein-
clearing in the developing leaves, Following this or associated with it,
wvas a typleal nottlling of light and dark green, Accompanying the mottling

there was frequently a slight arching or convex cupping of the leaflets.

Harding (1941) working at Oklshoma Agricultural and Mechanieal College
has reported a cowpea mosaic which he found to be sap-transmissible to cow-
peas and certain members of the Solanaceae, In Nicotians glutinosa the
symptoms of the mosaic began as a distinct vein-clearing in the leaves,
Thie gradusted into 2 diffuse blistery mottle accompenied at times by scat-
tered areas of necrosis, especially at the edges of the leaves., He found
that the leaves curled downward end were ususlly reduced in size. In
Nicotiana tabacum the symptome began as promounced vein-clearing in the
leaves of young plante. Thie changed to a mild mosaic as the plants grew,
which either pergisted or eventually disappeared., In petunia a mild mosaic
was produced with no leaf distortion or necrosis. In cowpeas the virus
causes a very severe disease. It began ae a brilliant yellow mosaic in the
young leaves., The succeeding leaves had a striking veinal mosaic which
was accompanied by a sewere downward crinkling., Often the plants were

short-1lived.
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Bagder (1942} reports a virus disesse of the asparpsus bean, Jigna
sesquinedalis Wight, which takes the form of n moeaic both on this host
andl on eowpeas. The closz relationship of the msparsgzus bean to the Covw
p2a, both belonglng o the game genue, warranis an exaninaiion of the

sasaie and an attenmpt b0 detormine ite relationship to the cowpea mnsale

under investigation.

Lisensed asparagus beans show a light and dark mogaic, often accom-
panied by a downward rolling of the leaflets which‘is,fteqnéntly pronounced.
The dark gresn areag tendto bacome puffy and result in mild rugose symptoms
or lesf distortion. The dark green arcas frocusntly form broad bands along
the main veine of the leaflet, leszving the remminder of the lesf light
graen in color., The infected plants are often dwarfed, especially 1if in-

fection hae taken place through the seed.

The virus is transmitted both mechanieelly and by the aphid Macrosiphum
plei {Ka1t.) and Snyder belisves that other aphids which feed naturally on

tha asparagus baan may also be vectors of the virus,

The seed-borne nature of the virus emphasizee its similarity to the
viruses of the cowpen. The fact thzat the asparagus besn mosaic does not
infee$ catjang, Vigne catjang Walp., difféfenti&tes it from Melean's cow-
pes mosaic which doés; hoﬁeverw Melican 416 not test his cowpea virus on the

asparagus bean,

Suyder statea that on the basis of éymptameo geed tranamission, aphid
vactors, amd properties, the asparasgus besn mosale clesrly belongs to the
group of virnses that cause, reépectively. the geesd-horne mosalics of com-
mon bean, soybean, and cowpea, He considere that biologieslly these viruses

may be congidered to be physiologic forms of the same virus species,



=19

Yu (1946) bhang reported 2 moselc disease of cowpess from China which
wase prevalent slonz the Ta@gﬁze Valley and, according to him, was not
rel&teé to other common bean or-seybéaﬂ viruses, He ststes thot the
symptoms Vary.with vgriétieso The firet symptom is a clesring-of-veins
which starte at the base of the leaf anl epreade avér,the entirs leaf,

This is very prenguaced)in gome varieties., After 10-12 days; consplcuous
mottling appears with chlorotic aress well demarcated from the green tissue.
Irregular patches of light greer develop which often contain islets of nor-
mal green freguenily parallel to the veine, Accompanying the mosaic there
is customsrily a «light convex cupping, arching, or inward rolling of the
leaves., The leaves are often puckered and show deep marginsl indentations,.
In some wvarieties lesions develop which turn dark brown toward the end of
the groving season: Dark reddish browvn diseolorations msy be produgg@ on
tha veins and the top leaves become stunted, misshapen =nd puckered with
dsrk green areas along ths veins, There is gleo =z genersl stunting of the

plant s, ghortening of intermodes, anl a2 tendency toward excessive branching,

As well as being transmitted mechsnically, the virus was also found
to be transmitted by three typee of aphide, a2né was found to infeet both

lima and adzuki beans,

Yu atates that thies cowpes mosaic resembles aspsrsgus besn wosaie in
eymptoma and properties, while its host range resembles that of Melsan'a
covpen measzice Ee considers thege three viruses to be very closely

relatad,

An experimentzl etrein of cucumber mossic hae been found by Price
{193%) which produces a mosatc in cowpsas and which is therefore called

cowpee mottling etrain, Except for the mosalec reaction on cowpea, all
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other host resctions are like typicsl cucumber mosaie. Price has shown
that 1) other strains of cucumber mosaic produce only locealized infec-

tion in the form of necrotic red lesions on cowpeas,

ect wi 2 C.

Tollowing the preliminary infection tests made by Chester in the fall
of 1946 further systematic studies were started early in 1947 to work out
at least = partial host range of the virus and to determine whether or net
this virus, originally found in cowpese, could bes classed as 2 strain of

tobseco ringspot.

Materials and Methods.
Studies on host range were carried out on the following: Ficotiana

tsbacum L., Nicotisne glutinosa L., Yigna sinengis (Torner) Hessk.,

Lycopersicon esculentum Mill,, Pisum sativum L., Phaseolus lunatus L.,
Soja max (L.) Piper, Cucumis gativus L., Datura gtremonium L., Petunie
bhybridsg Vilm., and Capgicum frutescensg I.

The method of inoculation of the sbove hoste was the game as that des-
cribed under Crotalaria Mosaic, Celite being used ae an abreasive, The
plante were observed over verying periods and the rerulte of the inocula-

tions vere recorded,

8 o ions.
Wth the exception of those hosts indicated, 21l of the following hoste
were inoculated with virus from Nicotians tsbacum which had been originslly

infected from cowpea containing the mosaic virue,

Hicotiana tabacum L.
Seven young plante of H. tsbascupm were inoculated with cowpea mosaic.
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After a peried of 10-1L4 daye, two of the seven plants szhowed symptoms of
the disease., Ths symptons originnlly consisted of 2 light green motils,
aevelopiﬂg after a period of three weeks into a ayg%emi@.aeerabic infac-
tion of the ringepot type. The plants were preserved and sfter 2 perioed
of from two to three months lést £ll ringepet symptavs, the light grasn
ﬁnﬁﬁled effect :emaining on gome of the 1eave§ of tha diseasged tobseco
plants. Occasionnlly feint ringespet patterne sgein becsme manifeet on

the lover leaves of the tobaceo planie. hub‘these agalp  disappesred afier

‘g epmparatively shert peried of time,

In order to check these results ten sdditionz) plante of Turkish
‘tobaceo wore inoculated with cowpea mosaic. Again, no infection was

found after observation for a three to four weeks period.

With the high temperstures in the greenhouge Juring the smummer ell

symptoms of the disesse bhecams maaked,

One of the Turkich tobacco plasnis inoculated in April 1947 showed,
in addition to the ringspoi symptoms, seversl yellow spois indtesting
thw poseible presence of mutants. Frow these y2llow cpots Inecunlsztlons
were made, using a #2 insect needle, into thirty young plants of Turkish
tobacco in an attempt to isolate possible mutants., After two months!
obgervation no symptome of disease had‘developed and the plants were

discarded.

Seven plants of Turkish tobaccso were inoculnted with ecowpes mosaie
in the spring of 1948 from diseased Hicotlans glutinosa. After s peried
of five weoks no sympiows of any cort had devalopsd on the plants. This
was in marked eontrast to the symptoms found on the inoculation of Tur-

kish tohacco one year previsus to this sznd suggested possible attenuation

%

of the virus.
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Nicotiana glutinosa L.

Five young Nicotisnas glutinose plants were inoculated with the cowpea
virus and in 2 period of three to five days, all plante showsd symptoms of
a digsease., Symptoms consisted of definite lesione and a crinkling esnd curl-
ing of the leavee. As the dlsesse became gystemic, these symptoms disap-
pezred, and snly s light yellow mottle of the leaves remained, accompanied
by 2 elight distortion in some of the leaves. Inoculations from thase
diseased plents into healthy Nicotiens glutinosa plante five to six months
later produced only a light yellow mottle with elight distortion of some
of the leaves, end since this time further inoculations into healthy ¥i.

cotisna glutinosa plants have yielded only these symptoms, no lesions or
conditione of crinkling and curling of the leaves being found,

Vigna ginensis (Torner) Haesk,
Attempte were made to transmit the cowpea mosaic into four typee of
cowpeas: Chinese, Groit, Black, and Blackeye.
Chinese cowpeas
One gquarter of a flat of Chinese cowpeas was inoculated with the
mosaic in March 1947, These were observed during a period of more than
five weeks, There being no satisfactirry evideonce of disesse in sny of

the plants, they were finally discarded.

Sroit cowpess
A similar procedure with Groit cowpess using one quarter of a

flet of the plants showed no infection of any of the plants inocalated.

Black cowpeas

Approximately one year sfter the infection tests on Chinese and

Groit cowpeas six young Black cowpeas were inoculated from Nicotiana glutinosa
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containing the cowpes mosaic, After a period of from three to four weeks
tvo of the plants inoculated showed symptome conaisting only of a very
mild wein clearing on two or three of the vopper leaves. These symptoms
persisted for a period of from two to three weeks 2nd then disappeared.
Following the dissppearance of the wein clearing symptoma a moderate mottle
was produced on several of the leaves of the plants infected. The mottle
eomeisted of a rather blotchy pattern containing alternate dark and light
green areas but was far from being 2s merked as the mosaiec found on the

original cowpea host,

Blackeye Cowpeas

Shortly after the middle of June of 1948 thirty plants of Blacke
eye cowpeas in the fileld were inoculated with juice from s diseased Black
cowpea plant., By the first of July symptoms began to appesr in the form
of vein clearing on two of the plants inoculated, A few days later the
vein clesring eymptome on one of the plants had disappeared sn a mild

mogeic developed with only slight lesf distertion or nome.

By the middle of July a total of three plante of the 30 originally
inoculated showed the mild mosaic symptoms, At thie time all other cow-
peas in the same field planting, none of which had been inoculated, were
checked for any virus symptoms which might be present. ©Of these uninocu-
lated plants, eight were found to‘have agymptomg of apparently the same
type of mild mosaic as that found in the inoculated plants., This fact
strongly suggested the possibility that the diseased cowpeas found in

both inoculated and uninoculated plants was dus to a seed-borne virus

present in the seed at the time of planting. The possibilisy also exists
that the mild moskic inoculated into the 30 cowpeas was tranemitted by insects

to some of the other plants present.
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No definite conclusions can be drawn at this time from the above
obgervations as to whether or not the cowpea mosaic considered in thia

report was transmitted to Bjgckeye cowpeas.

Cepsicum frutescens L.
Ten Ruby Eing Pepper plsnts were inoculated with cowpes mosaie
and obeerved over a period of five weeks, These failed to show any symptoms

¢

of infection.

Lycopergicon gsculentum Mill,
Approximately 50 tometo plants were inoculated with cowpea mosaie.

After observation for a period of five wesks the plants were smtemleil.

Pisum gstivam L.
Inoculation of one half a flat of ordinary garden peas gave no

symptoms on any of the plants,

Ehageolus lunatug L.
No disease symptoms were observed upon inoculation of one half a

flat of beans and subsequent observation for a two months period.

Soja mex (L.) Piper
One quarter of a flat of Ogden soybesns wae inocubted with cowpea

mogaic. These failed to show any infection after seven weeks,

Cuzumis gativus L.
Infection tegts WMth cucumber failed to yield eny symptoms of

the digensa,

Datura gtramonium L.

Inoculation of one half & flet of Jimson weed and subsequent
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Observation for a periocd of seven weeks showed the plants to be non-

susceptible to cowpes mogaic.

Petunia hybrida L.

Seven petunisa planta were inoculsted with cowpea mosaic from
Bicotiena glutinosa, After observation of the plants for a four weeks
period;,; no symptoms of the disease had developed, and the plants were

discarded.
 Discussim.

A comparison of the host reactions of this cowpea mosaic with cu-
cumber mosaic and with the cowpea mosaice isolated and studied by Mclean
(1941), by Harding (1941), and by Yu (1946) is shown in the following

table,



Table 1,

REACTIONS OF CERTAIN VIRUSES AFFECTIRG COWPEAS

Cucumber Snyder's
Infection on McLean's Harding's Newton's Yu'e Mosaic Asparagus
Cowpea Cowpea Cowpea Cowpea Cowpea Mott- Bean
Mosaic Mosaic Mosaic Mosaie ling Strain Mmalc
Hicotisna tabacum - Vein clearing, Very mild ring e VMosaic, dis- e
then mild spot or none tortion
mosaic
H. glutinoga* - Very severe Mosaic, slight == Mosaic, dis- -
distortion distortion tortion
Tomato oo - - & :
Potato = e +
Petunia e Mild mosaic = - +
Jimson weed - - R +
Pepper - Severe mosaic Moy hid é
Egzplant -
Cowpea Mild mosaic Very severe Moderate Mosaie Mosaic
var. mosaic mosaic
Groit L
Chinese e
Black Mild mosaic
Blackeye e Mild mosaice
Pea P — ——c -
Field Pea —

Sweetpea

-92-



Table 1 fontinued

‘ Cucumher Snyder's
Infection on Melesan's Harding's Hewton's Yu's Mogaic Asparagus
Cowpesn Cowpea Cowpea Cowpea Cowpea Mott- Brean
YMosaic Hosale __HMogaic Mosaic ling Strain Hosmic
Baan . e oo s * Occasional
infection
Hungbean : -
Soybean | e : ’ : —
Lima bean + . *
Vicia - ) - s
Cucumber . wun - : — +
Squash | - ’ # 53
- Cabbage e e i
Zinnia —er - —s +
CatJjang ' + e
Aeparagus bean
Sesd transmission | + 7 1 1 — 1 -

*N. glutinosa is the best differentisl hoet of these viruses.
Viruses which cause only local lesions on cowpee: tobacco ringspot (large blotchy lesione); ordinary cucumber

mosaic (small, punctnte leciona). Alfalfa mosamic, tomato bushy stunt, peawllt causes wilting disease of cowpea.
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Comparison with Cucumber Mosaic

As is indicsted by its name, cucumber mosaic produces a definite mosaic
pattern on cucumber. Inoculations of the cowpea mosaic studied produced no
infection when inoculated into cucumber plante. Cucumber mosaic also infects

tomato, Jimson weed, and bean, while the cowpea mosaic infects none of these.

Comparison with Harding's Cowpea Mosaic

In Turkish tobacco Harding's cowpea mosaic produced vein clearing
followed by a mild or marked mosaic, The cowpea mosaic under consideration
produced only a very mild ringspot or nome at all, accompanied by a green
mosaic and only slight distortion of the leaves or none. In Nigcotiana
glutinosa Harding's cowpea mosaic produced very severe distortion of the
leaves while this cowpea mosaic produced a mosaic pattern with only occasional

slight distortion or none,

Comparieon with McLean's Cowpea Mosaic
As shown by the table, MclLean's cowpea mosaic produced only a mild
mosaic in cowpeas and no reaction in either Nicotiana tsbacum or Nicotiana

glutinosa.

Comparison with Snyder's Asparagus Bean Mosaic

As indicated in the preceding table the asparagus bean mosaic does not
attack either Nicotiana tabacum or N. glutinosa, while it has been shown that
the cowpea mosaic reported here originally attacked both of these hosts. The
difference in the reactions of the two types of tobacco to these two viruses
serves to differentiate them from one another. The poseibility does exist,
however, that this cowpea virus may be related to the asparagus bean virus as
well as to other cowpea viruses, for all of them produce mosaic symptoms on the

cowpea which seem to vary chiefly in intensity of expression.
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Comparison with Tu's Cowpea Mosaic
As indicated earlier, the cowpea mosaic studied by Yu attacked the lima
bean. This was not the case with the cowpea mosaic considered in this report.
Furthermore, while this cowpes mosaic was found capable of infecting Turkish

tobacco originally, Tu's cowpea mosaic did not attack this host.

The eymptoms of Yu's virue on cowpeas were also quite different fron the
symptoms found in the case of the cowpea mosaic reported here. Apparently
the only similarities are found in the fact that both produce vein clearing
in the early stages =2nd both are mosaics. Beyond this, however, not only
does Yu's mosaic produce quite different symptoms in many ways, but the symp-

toms are much more marked in their effects.

Comparison with Tobacco Ringspot

Ag already stated tobacco ringspot causes the formation of ringe and lines
which spread out in zigzag manner in Nicotiana tabacum, This is in contrast
to the very mild ringepot or none at all produced by the cowpea virus in the
same hoet. It hae been further shown that ordinary tobacco ringspot produces
typical red lesions on the leaves of cowpea while the cowpea virus produced

a moderate mogaic in cowpeas originally,

Conclusions.
From the above reactions I am led to believe that the virus studied is

an undescribed virus of the cowpea, but poseibly related to theee already
described. There is a possibility, however, that 1t may be a very mild
strain of tobacco ringspot incapable of producing red lesions on the cowpes,
but producing 1nst§ad a moderate mosaic in some instances., There is also
evidence which would lead to the conclusion that attenuation of the virus

has taken place during the period of a year and one-half in which it hae
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been in culbture., The origina} gymptoms of the virus in the cowpea fm which
it was isolated congisted of a modersie mosaic., Inoculaftions were made from
the original plant into Nicotisna tabacum where a mild ringepot was produced
togebhsr‘with‘a light green mottle; The virue was cultured 1n this hogt for
a period of spproximately six monthe before being inoculated back into cow-
peae. Inoculations into both Grolt snd Chinese cowpeas d1d not produce any
sympiome of the diseaséa As the varlety of the original cowpea plant contain-
ing the virus ie unknown, either varietal resistance or possible attenuation
of the virus capsed ﬁy passage through 2 host other than the originsl one is
indicated. Other evidence to support this latter supposition ig the fact
that original inoculations into Nicotisna gzlutinosa prnducéd crinkling and
curling of the ieaves followed by & mosalc pattern. Inoculations after a
period of L om four to six months into the same host produced only the mosaie
with none of the symptoms of erinkling or curling, thué indiesting o possible
modification in the nature of the originsl virus. B5till further evidence of

poszible attenuation of the wvirus 1s seen in the fact that inoculations of

the cowpea virus which had been maintained in Nicotiens glutinoas for a yeer's

time falled to produce any symptoms in Nicotlana tabacuw., This latter reac-
tion may be due %o the fact that the inoculations were made in late Hay when

temperatures in the greenhouse were comparatively high.

?here}are a aamber of examples found in the literaturs showing that thénb
- properties of the virus of a given plant may Ve definitely changed by its
traasfer to other host speclios. Walker {(1926) reparted.this type of yhenomeﬁen
in working with the mosaic dlssases of cucomber. Oross inceulstions by him
sasnod t6 indicats that the properties of the virug were determined by the
eharactér of the juices of the hoet plant in whieh the disense was found,
Garsner and Lackay (1928) pasased curly-top of sugar besis through resistant

varieties of beets and found that attenuation had talken plaaee



)

Attennation can elso be czused by high temperatures as shown by Holmes
(1934) in his work with tobacco mosaic and by other workers as well. HEigh
temparatures msy have @een a definite factor in attemmation of the cowpea
mosﬁic under cgnsideratien.'as this virus went through an entirs sumwer in
the greenhouse where temperatures at times were ms high es 110° F or even

higher,

SIMMARY

A gtrein of cowpéa,mosaic‘was found in Experiment Station plantings

at 563l1lwater, Oklahoma in 1946,

The virus was found to be eap-trangmigsible to Nieotian~ gzlutingea Lo,

Hicotiane tzbacum L., and to Bleck Cowpsas. Infectlon was not demonstrated

ia Chinesze or Groit cowpeas, tomato, peas, beans, Ogden soybeans. cucumber;

or Jimson weed,

Gomparisaniof this virue with cucumber mesailc virus =nd the zowpea
mosalc virusee of Melesn, Hording, and Tu gs well as with Snyder's msparagus
bean mogaic virug, showed it to be distinet from these; but poesibly related
to them, Gamparispn.with tobacco ringepot indicsated the possibility that the
virue might be a mild strain of tohscco ringspot, =lthmmgh differing from
tobacco ringepot in its inability to produce the characteristic red lesions

on cowpseas.

Reactions over verying perilods of time on Hicotlona tebecum, Hicotiena

glutinoes, and cowpeag indicete either wvarletel resistonce or attenuation
of the virus in the case of cowpeas and attenuation in the twe species of

tobaceo usged,
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FLECTRON MICROSCOPE STUDIRS OF PLANT VIRUSES
INTRODUCTION

In the Spring of 1947 a grant was made to the Research Foundation of
Oklahoma A, snd M. Collage by the United States Puklic Health Service for the
purpose of conducting basic research on plant viruees with the electron
microscope. It was felt that such studies of plant viruses would aid in an
underetanding of the nature of snimml and human viruses, and, as plante are
eagier to work with in studying virus disesses, it was also felt that a fur-
ther understanding af the general nature of viruses might be gained more
readily by atudies on those affeeting plante. Much of ouwr present kmowledge
of virugses hag been gained through investigation of plant viruses, in particular
tobacco mosaic wvirus which was the first virus to be weighed, measured, counted,

(/and erystallized,

\\\ Since the development of the electron microscope further investigatione
of viruses have been made possible. Hore again the preponderance of the re-
gearch has been with tobascco mosaie which appsrently lends iteelf very readily
to 211 types of investigation. At present not more than a dozen different
plant'viruses have been investigated with the slectron microscope, and yet
several entirely distinet types of virus morphology have been detectsd. It
appears, therefore, that further elsctron microscope research on viruses in

generzl should 2id in extending our knowledge of these entities,

Purpose.

The primary object of the following electron miecroscope studies was to
investigate various plant viruses with the purpose in mind of determining
their morphological characteristicea~«primarily eisze and shape, Studies of

morphology and structure, particularly over a wide range of different viruses,



=35

should aid eonsiderably in establishing a naeufal clagsification of viruses
and perhape czhew g correlstion botween vhysicsl structure and the type of
symptoms produced on the plant host, FElectron microscope studies to date
have led to & eonfirmation of size. shape, and molecular welght of viruses
ag determined by other means., Sindies on the morvhology of tobacco mosaic
have confirmed the findings of Lauffer (1942) and other workers regarding

the particle gize of the virue,

In general it mey be sald that the use sf the electron microscope
ia conjunction with physicel and chemicsl studies of viruses may affer a
means of determining the effects of either chemical or physicel experimen-

tation with the wvirus.

Yith 31l these possibilitiesz in mind and the intent of pursuing the
problem ag far as time would permit, research with the electron microscepe

was begun in September of 1047,

ELECTRON OPTICS

,Higterzg

The development of the electron microscope is the result of the obser-
vations of numerous workers. It has been known ever since the principles
of light microscopy were developdd that ghort wave emanations could be sub-
stituteé for ordinary light and much grezter megnifications obtained., In
general it was found that the laws governing ordinary light optics were
applicable to electron optics. Deepe-seated quslitative differences, however
characterize the behavior of electrone as contrasted with fhe behavior of

light, (Zworykin et al. 1945)
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A rumber of discoveries and observations, however, were necessary be-

fore the invention of the electron microscope was possible.

Electrons were discovered in 1897 by J. #. Thompson, These newly found
perticles were at first treated as being subject to the lawe of Newtonian
vechanica, & treastment of thie type, however, did not explain the behavior
of eleetrons in atoms which is menifested in atomic line spectra. This
difficulty was overcome by the development of quantum mechsnice using Ein-
stein's speeial theory of relativity snd Planck's quentum relation (Zworykin
et al., 1985), The characteristice of wave motion mssociated with moving
clectrons was demonstrated by de Broglie {1924), He showed in his work with
the hyééogen atom that electrons have 2 definite»wave length and by so doing

laid the groundwork for the development of the electron microscope.

Another important step in the development of the electron microscope wes
the discovery by Busch (1926) that calculations in terme of light optics

‘ecz2n be egpplied to the behavior of an electron beam in an electrical field,

By this time mch of the necessary theory had been developed and prac-
tical applicetions began to follow, About 1931 and 1932 workers in both the
United States and Germany demonstrated elsctron images independently of one
znothsr, and soon after thias Harton (193&) reported the first spplication
of the electron microscope to biological ohjescts. Following these initisl
stepe, development of the instrument wae Quite rapld; although it was several
yoars before very practical instruments wers bullt, BHillier and Prebus in
1939 buillt the well-krmown Toronts model, the design of which'was uasd by the
Redlo Corporation of Areriea in menufacturing the model produced by them

{Migenstark, 1048),
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Padsy R.C.A. snd other companies are producing and merketing verious
types of electron microscepes. R.C.A, menufactures both a Universal

type and a console type instrument. The former is operated at 60 kilo-

volts while the latter operates at 30 kilovelts,

Batic Prizeiples of Flectron Optics.

A=z distinguished from the light microacopq. the electron microscope
uges elentrons rather then light, and in the plaes of glass lenses, elece
trical megnetic fialds., Furthermore fthe chomber through which the eleetrons
pass in the electron microscope mast be ovacuated to s comparatively high
dagros, which is unnecessary in the light mieroscope. 4 comparison of the

tvo instruments iz given ia figzuve 1,

Vacuum is necessary in the electron microscope in order to increase
the mean fres path of tho eloctrons. As shown by Zworykin st al., (1945)

the mean free path of an electron at 2 preseure of 103 mm Hg is aboud lﬁ'h°5 cm

6

while gt a preassure of 107" mm Hg the mean free path becomas 1&5 em, Creation

of a vacuum therefore i necessary to ®clear s path® for the electrons.

In specimen-viewing the imagzs s scen in the electron mieroscope is
ereoted by the scattering of elzctrone while in the cese of the lizht micro-
scope, vielsn depends on the absorptiebfanﬂ rafleetion of light from the

object undsr consideration.

Ag ghowvn in figure 1, the electron microscope consists of a filament
from which the electrons are emitisd, and several magnetiec coils through
which the electrons pass and are first concentrated to produce a strong

bombardment of the specimen znd then "fznned cut® by successive coile to
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eaiarge the imoge of the spoelmen. The ihage is projected on»é fluores-
cent aseroen end elther viewed indireetly in the case of the R.C.A. 'ﬂf
type or direetly in the case of the R.C.A. conssle model.  The Tilament
az well as sthe megastie ooils ars all 1ngaseé:in-a vacnum chanber which
is evacumted by means of an oil d4iffusion pump enntained in the inetrument.
This equipment, together with ths electriesl mechanleme necessary to asfep
up the voltage, corstitutes ths instrument. ¥lectrons sre emitted from

the fllament due'te the high voltage which is induced.

Beeg and Idmitations of the Wectron Microscops.

Aeg ie the casé with meny new mechaniesl inventions, they sre at Tirst
camﬁidered‘“wsnder machines? and théir powers and applicstions are generally
.aver-emphasized. o doubt the electron microscope is in mony ways s ¥wonder
machine®, but 1%t is far from being the solution to all physieal, chemieal,
and bielogical preblems. It shomld be regerded as s very useful tool in
connection with other tools and precesses of modern secience, _fo ro extent
shonld it be regarded as meking the iight micrescope ebéeletes’hut<as e
means of examining cbiecte too emall to be sesn with the light migreacope

and eftentimes to be meged in conjunction with the latter.

The primery advantage of the electron microscope lies in the fact that
ohjects heretefore ton smsll %0 be seen with the light microscope may now
bo vieved and studied with it. Coupled with this advantsge are the advan-
tagee of depth of focus and sharpress of 1mage‘(Eisenstarke 1948), fThe
extrens magnificatinn of the instfument hae mnds poasible the observation
of tha fine details of physicsl gurfaces such as wetals, ervsisle. testh,
and mumarous other types of surfaces as well as viruses, bacteriophsage,

protein molecules, and mony other structures.
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The electron microscope has the limitatlion and dissdvantage that colors
can not be disvinguished., All images appear eithar dark er light, the shades
of darkness or lighiness dependinz on the density and thickness of the ma-
tarisl ac well as on the stremgth of the elsetron beam, Another disedvan-
tage of the instrument lies in1thebfact that maﬁy types of materials must
be prepsred very carefully before they can be viewed succeagfully. Thig is
particularly true in the study of viruses and bacteriophsge where hours are
often ccngumed in preparing the materisl. This‘diffiéulty-is partislly duse
to the 1n§bﬁlity'af the electron microscope to rscord colers which might
essisgt 1in differanbiatisg\thsse smell entities from foreign or contaminsting

materinl present.

Witk the light microscope it is generally possible to study iive Aifte
terisl while one of the limitations of the electiron microscope i ths fact
that only dead material may be observed., This, of course, is a diatinet
dissdvantage in that conclusions based on the sppearance of &egd‘maherial
ﬁgy not be applicabla to 1iving materlal and that living processes #ich
‘,ag ms£iqn carnod Bo ztodled.  All living apeéimens to ba viewﬁﬂ.éiﬁh the
'électran microseope ere killed in ths ianbrument by desiccation dus to the
high vacuum neesseary. The possibility of any Yiving maﬁeyial_sa?viuiﬁg
ihﬂg éegicéétiam wracess anpd baing eeen in the livingistate'ié fﬁ?ﬁh&?‘

. ﬁ?écludeébbg the presence of heat produced by elesciron ﬁégbardment and

by the slestrons themsslves,

&

Phese are the gewveral éisadiautégeg in the use of the electron mi-
cféscapea Ctheyr Almsdvantoges exist depeﬁﬁing on the fisld of research
ﬁnde? conslderation, l.e, materiels maet be o thin for satizfactory
obaﬁffatianvthat in some fields of resesrch this cnnstituiés s mgjor

problem, At present a high spsed miecrotome is in the process of develw
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- opment which may remedy thin varticulsr prodlem (Merrill aend Fullam, 1947).

REVIEW OF TH» FLECTRON MICROSCOPR IN FLAUT VIRUS RESEARCH

A mamber of plent viruses have been investigated with the eleetron micro-
geope, A= inm the case of other types of virus investigations, tobzeco mosaie
has received the greatest smount of attention snd there 2re numerous publi-
cations on various typas of investligaiions of tobacco masaic, Anderson and
Starley (1941} studied the renctions between tabaces mosate and 1t3 anti-
gerum, Studias on perticle length of Yobacco mosaic were made by Talrahashi
and Rewling (1945), These same workerm {(1947b) aleo carried oub eleckron
micrssaope investigatisne on mﬁﬁ&%ian.in tobacon mosalc, Their investigs-~
tiong shewed no differences in morphelagiggl struecturs between ordinary
tobmecn mosale and a yellow mitant. Rewlins, Roberts and Utech (1906) alse
investigateﬁ the lenth of tobascce mosaic partiecles and indicated some of the
probable esuses of end-to-sad aggfegaficn-of the particies. Eleectron
micr@graphs af very nighly conmeutra@a& s@lutiohs of tobaceco mosaic wersa
made by Wyckoff {1947) whiech show the extrems comcentration possible in the
case of tobacco mosaic., Oster and Stanley (1946) studied, by means of the
eléctrom microscope, tobacco mosaic teken from the hair celle of dlseazed to-
bacco plants and concluded from their findinge and those of othar workers
that fpartieles 15 hy ESényiin size, represent tobéﬂca‘masaic virus.¥
Sigurgeirseon and Stanley (1947) cerriedout further experiments on the size
of the basic entifies of tohaecco mosaie‘éaﬁ found evidencs of end-to-end
agzregation of the basic units on gtanéiﬁg‘at £° 8. for warioie pariads of

timéa

L ﬁ@therpiant viruses have been stufled with the instrument although none

ag axtonelvely sn tobacco moeaie,
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Two strains of potato X-virus have been exsmined snd found to be in-
distinguishable morphologically (Takahashi and Bawlins, 1946). These sam
suthors made studies of squash mossiec virus (1947a) and eoncluded that the
virue had 2 particle eize of 30mu, Takahashi {1948) made further eyami-
nations of sgussh mosaic which he had erystslliszed., Electron micrographs
of twe othey plant viruseg,vgouthern been mosalc and tomate bushy stunt,
showed thet they were spherics) bodiss of approximately the same size (Price,
Willisme end Yyckoff, 1946), Cucumber mosale viruses 3 and &, ae well as

tobeces necrosie virne wers ctudied by Stenlsy and Anderson (1981},

The vorious viruses mentioned sbove constitute practieslly all the
plant viruses which have baoen ztudled with the electron miecroscope. In
addition to these, one plant viruvs which e transmitted by insects hae
recently been sindied with the electron microscape, This is the yellov=
dwarf virng of petatoes (Black, Hosley, =znd ¥Wyclknff, 1948}, To the best
nf my knovledge thig is the only cmse in which a virus requiring insect
vectore for its tfangmissioa hes besn viewed and photographed with the

eleciron mieroscope.

Thoge amq&ainbéd with the miltitude of different viruses which attack
plants will see from the shove account thnt only o comparatively small
proportion of plant virusee héfa been aitudied with the eleciron mieroecope.
It may be said, therefore, that this phase of resgesrch with all its numer-
ous reamifications has barely begun. ﬂeéwilar condition exigts in both the
fields of enimal and human virug dieeaéés eind Invegtigztions in any of
thege fields of virus research mer wozry probehly aié regearch in the other

cloesly related fields.
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The electron microscope is of comparstively receni develbpment. and
forbthis resson, iechniques of preperation of material for examination,
photographing of the material, and the vsrious types of quantitative as
well as qnalitativé stﬁdies are ag yet in the ploneer stage, although
ropld progress has beem made in thess lines, A nﬁmber of problems, then,
present themselves o the beginner in the study of firusos with the elactrou'
micréaéoye. These sre: {1) Becomlng acquainted with she electron micro-
scope to such sn extent thot the beet results can be obbnined with itg
(2) mestery and develegmeﬁ% of the technique of preparation of the material
for exsminaticn 1nc1uﬁi£é hoth the techonigue of mounting the meterisl for
oheervaiicn and als@‘tha% of parifieation of the meterisl sc that when
mounted it will be 2s free ss posgible of fareign materisl; (2) interpre-
tation and idertificstion of the materisl viewed with the electren mioro-
scops; and (&) vhotography of the virueee to give the best definition zmd

contrast,

A1l studies were made with 2 type EMC-2 electron microecops, With an
1nstrumen£ of this type it is possible to enmlarge the material viewed 2000
or 5000 dlemsters directly, with further wgeful photographic sulargerent to
30,000 dismeters. In =11 these studiss ths 3000 disweier mapnifiestisn
wes used ewclusively, Thg insze 2% the abject Beinz 2tudisd can be viewed
directly on s fluorescent sereen with this instrument. Ths ecreen holding
the materisl to be studied is bombarded with slectvons Fram 2 biased slectron
gun, The electrons travel at sbout one-third the spsed of light, Electrons
are sbsorbed by e21id materials inm the field of the clectron gum leaving the
electrone which are not blocked by these objects to pass on into a magnetic

field where they are ¥fanned out" and arrive on the viewing screen, The
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dark areas seen on the viewing sereen then represent the imeges of the

particles which blocked the passage of the slectrons,

A gumbayr of viruges wers abtained for exarination. These were kept

in culture in growing planis in the greenhouse. Prior to the initiation

of the actus) electron microscope work, s rather lasrge collectionsz of

viruges was bullt up so that work eould proceed without interruptions

dne to z lack of monberiais. This collection wse added to from time to

time as different viruses were obtained, znd at‘preséntwincludes the

following?

1.

e
B

15,
16,
17,
18,

&1falfa Hospic Virus
Beyley lVosale Virug
Bean Eosgic Tirag
Cabbage A Virus
Cabbage B Virus
Cowpes Mossaie Viree
Cucunber Hosaic Firas

Cucunber HMosaic FTirue (bindweed strain)

Fatete Lesfroell Virus

Pobato. Spindle Tuber Tirus

Botato Virus A
Potato X-Virua
Sesbhania Mossic Virus
Severe Eich Viruve
Squesh Hosaie Virue

Fobaceco Hozale Tirus
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19. TPobaceo Ringepot Virus
20. TViolet Mosaic Virus
21, Watermelon Mosaic Virus

22, Whest Hosaie Virus

The eollection sappears to be the lsrgest in the United States apart from

collections In Wiseonsin, Xantucky, and on the Post and West coasts,

Parificotion =nd Preparstion of Virus Mesterisi.

Tha process of purifiecation of the viruser %o be examined eonsisted
of extracting the juice either by pressing or rinding of the leaves of
the diseszsed plant and subeequent centrifugation an2 filtratlicn. fntities
as amall 22 viruses mact be v o relatively'purg conditlion befors sabis-
factory evamination with the elechtron microscope ls possible, Compare-
tively small smounts of olent materisl which oecur when plant juicee are
pressed out, and large smounts wvhich osecor vhen the plent moterisl ie
ground to srprest the juice, must be removel before gond results, or

even zay usefnl) regults, cen he ohbzined,

In gonersl disoéseﬂ leavey containing the viros &0 ke ziuind ware
hervested and slther frozen overnighit, as in the case of tobacco moaalcs
or used directly without Treezing., Froering of plant materinl makes ex-
traeting of the jJuices mich easier zud glves 2 grester yizld of Jjuiee.

The jﬁicea were eztrﬁcteé,with a mortar end pestle, 2n attemnt ususlly
‘hafing‘heen made to press the juice out with the pestla rother than grinde
ing up the leaves, This procedurc yielded a fairly clear jpice¢ The

reaw julce was then partially cleared in an ordinsry centrifuge at from
30004000 r.p.m, for a period of from 20 to 30 minutes, Thig threw down

the cosrser and heavier material and generally left a turbid looking solution,
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The juice was then passed through s eintered glass filter covered with &
layer of Celite 535 about 2-3 mm, thick., A% times additionzl Celite was
added to the juice pricyr to filtration through Celite, The Julee was il
tered under suectien prassufe using eilther a water tap or a sma}l evacunt-
ing pump. Filtration through Celite is a modification of the technigue
used by Tskshashi snd Rewlins (1946) in examining potato X-virus. Passage
through this type of 2 filser ylelded an opalescent filirate charseteristie
of pure wirug suspensions, due o their collsldal propertiese wanging in
¢glor from Browalsh-y=llow 30 = light zreenisheyellow., This proesss suf-
ficiently removed the plant materinl o that the virna csuld be viewad in
the elactron microscope., Some of the prepared juice wes then diluted with
distilled water 2t dilutions ranging gemeraliy from 1-10 io 120 2nd was
then ready to mount for obhservation, Dilution was unsed with s dusl porpose
in ming: dilution of the remaining colloidel plant meterisl and dilutica
af the virus itself, Unless diluted in this menner, many viruses have such
a high concentration that observstion of the sepmrate virus particles is

practically imyoﬁﬁibles

Aay Tiltyraticn methoésrﬁhﬁt are sdequate for the sepsration of the
virus from the plesnt msterisl have » decided disadvantege. VYhile it has
been shown numergus timee thot the virue psesen throuvgh certain fillters
gnd is therefore partiaslly purified by the removal of much of the larger
parts of the colloidal mateéial originally oresent; nevnrthgless it is
also & known faet that these plant products which ara filtered oub may in
.theéselves act as vory fine filters and may retain the wirus by mechanical
means and by eleetrical charge phenomens. HeXinney {1927) has shown that
in the filtration of the extract of plant leaves the filirate becomes

decidedly clearer es the filtratiocn process procesds.  In order tn teat this
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point with viruzee he passed mosaic-dlsessed plant extract through Buchner
funnels snd found that » considerable portlon of the virus was»held back
by ths slime composed of the plant materials. The amount of wvirus present,
theéef@rg, in a filtrate is directly provortional to the amoun£ of pleant
materinl preseand at the time of flltration. Yhere it is possible ﬁe obtain

o relztivaly pure juice vrlor to the filtration process, the smouni of virus

nJ

retained on fhe Tilter is s=all, Ia the case of {obacco infected with virus
diseazes, much of the Jule: cen be extraecied in a comparsiively nure state
hy firmly pressing the leoaves rather thon grinding them, provided the isaves
have been frozen gné then zllowed to thaw out befors the pressing process,
In the esse of virvsce attacking sther olents suchk g cobbage, it/ie TPEC~
ticnlly immoesible %o press more than o fov Jdveps of the juice out even

after the lesves heve heen frozen znd thawed, congequently grinding must

be rogorted Ho.

At the time this worl was inftisted filtration, combianed in sowe cases
with attempts 2% chemicsl vrecipliztion, was thz ouly mezns et hond feasible
for purification of the virnses. It wes recognized at the iime, howvever,
that only paorbis) spd limited sueccess could be expscted using these methods
of purificaticon, In the czge of tobaces masaic which exizts in high cone
centration, is reletively very stsbles. comporativsly large in sige, and
readily recognized in in the slectren microscope, these mezns of purificalion
are sdeguste and can be expacted to yizld Zood results. However, in the
éasss of other virasées which are far less concentrated, less stadbla, and of
eémparativelg snell size, these methods zre inadequate for zood results.
The primary ster in 211 electron microscope plaant viras research is to
Vglezn up?® the materisl to be examimed without losing =il or thé greater

portion of the virus., Jor this purpsse other methods than those involving
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filtration hmve bezn found necessary and far superior,

Particularly in the earliér preparation of varions virnsee by filtre-
tion mathods for electron microscope sbservation, contamination with eallolid=
2l plant matorial proved the limiting factor., This was due 0 the faect that,
not only 414 the contamination of these plant materisls make ohserwstion
and ildentification of the virus undaer conﬂiﬁaraﬁinn greeticslly impossible,
but also these conteminating plant perticles ofton becsme large enowgh to
absorb ioms in an smount which was suffieisnt to release heat to iha exient

that the supporting mwewbranss were shattered and broken.

In an attempb o reduce the wat of plant mabtarinl present 4o &

winimam, evvernl procodures were ussd,

Following filtraiion through sintored glass filters covered with o
loyer of Uelite 535, ths juice containing the virus was possed through o
Seitz filter., In several cnees this gave =n slmoet colorless solabion

chowing that mich of the plant mater inl hzd been removed, Sxominabion
with the electron micvoscope of mounte prepsred in this monner gave very
clanr flelds, bl enly in the case of tobacoo mosazlec was 1% possible te
logete vires partielen, and even in ithie cose the smount o7 virus found was

vary smzll, This technicue therefore had to be abandoned ae it spparently

filterad oul the major portion of the viruses ss well as ibe plapt meterisl.

Attempte were aleo made to Yclean up® the virus suspsensions by means
of sintered glagse filters layered with Celifte and placed one sbove the other.
The digeased Julce was then peesed into the upper filtar upder suction
preseure from a small evacuating pump. From the upper farnel the Jnice
dripped into the lowsr funnel and the procese wee repested, Suetion way

maintained from one filter to the other by = tight rubber jacket which pre-
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vented the outside air from rushing in at the points of contact of the
two funnels, This method of purification, while aiding materislly in re-
moving plant materials, appeared to huve the same drawbacls as the Seitsz
filiration précedureo' Flltration of this type was not investigated ex-
tensively, and was completely sbsndoned following the purchase éf an ultra-
centrifuge for virus snd other types of research by ths Research Foundation

of Oklahoma Agricultural and Mechanical College.

Chemical precipitation in combination with filtration methods was
algo attempted, largely with tebscce mosalic virue, ia order to purlfy the
naterial, The method consisted in sdjusting the pH of the virus suspencion
and salting out the virus protein, ueing the methods of Stanley (1935).
This method was #lso abandoned =t an early stage in favor of ultracentrif-

ugal methods of purification.

Ultracentrifugation
Development of the Ultracentrifuge.
The ultrscentrifuge offers an ideal means for the purification
and coneentration of virusee snd eliminates the difficultiee encountered
when filtration methods are useds The highly purified produce obtained

is admirably sunlted for examination with the electron microscope.

Svedberg et al. (1924, 1926) is responsible for the developmenﬁ of
the ultracentrifuge with which he produced forces greater than 500,000
times the force of gravity. As designed by hiwm, the unltracentrifuge was
used for two types of work: (1) the determination of molecular weight of
colloidal materials through study of sedimentation equilibria, and {2) the
gseparation of different types of colloldal material, made possidble by

differences in their sedimentation rates (Alexander, 1926).
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~ Colloidal particles, including viruses., do not settle out of suspension
when acted upon by the gravitational force of the earth or even the centrife
gal force of the low‘speed‘eentrifuge; In order to bring sbout the sedimens
tation of colleidsl particles it 1s neceesary to subject them %o centrifugel
forces manw\tiées atronger then the force of gravit ; #ith the ulirecentri-
fuge very powerful centrifugel fields can bs developed, snd Svedberg (1938)
has aperated the uvltracentrifuge 2t speeds which give centrifugel forces as

high as 900,000 times thot of gravity.

Hodifications of the quantitative type of ultracentrifugs of Svedberg
have been developed which are comperstively simple in conatruction and de-
eign. A centrifuge of this type hasz been developed by Beams which uses
air under presoure to drive a rotating head, The rotating hea&-rides upon
the cushion of alr vhich is also used to propel it, The ordinary friction
of moving parts ig thus eliminated, the only friction involved being that
created by the air in driving the head. Ultracentrifuges of this iype have
the advantege of simplicity of construction and eliminaté the naceesity of
replacing worn out parts, Holes are bored in the hea& of the eentrifuge,
generall& at an angle, and tubes containing ﬁhe ﬁaterial to be centrifuged
are inserted 1ﬁ the holesg, Thg' principlevof the anglehead centrifuge is
well known and nead not be ﬁiscuasedbhereu 1t may be éta?edbriefly that
the velocity neceasary to setile mateiial in the angle head centrifuge is
wach less ﬁhan that required for the same meterial in centrifuges with tubes
in the horizontal plane, & centrifuge of the type desecrided sbove was Ob=
tained by the Resesrch Foundation of Oklshoms A, 2nd . College for the
purification of vimpes =znd other binlogicsl vork. The rotating head wae
constructed of aluminum znd conteined four holes bored at right engles to

one snother. Bach of these holes held spproximately 0.5 ec. of ligquids
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The head was rotated by sir under pressure which entered throusgh equi-
distant holes in the base of the centrifuge. On pessing through these
holesg the'enbering alr struck emsll flarges etched in the base of the
alumiﬁum-hea& end rotated the hesd. It was possible to develop'higﬁ‘speeés
with this centrifuge at very low sir preseores, As shown by graph Fe. 1
speeds greater tﬁan 36,000 T.p.m. can be obtained 2t & pressures of 10 pounds,
while 2t & pressure of 90 pounds & spscd of 120,000 rep.me was possible,
this latter speed belng equsl to 300,000 times the force of gravity., While
high speeds are nscessary to 6btaln high eentrifugsl flelds of force,
another consideration of prime importance is the radius through which the
suspended colloidel material will rotate, for the céntrifugal force ig

directly proportional %o the radius as iz shown by the squation:

fo = we mr (1;
whers? .

fo = centrifugal force

w = angular vslocity

m = mage

T = radiue

Forces developed with the ultracentrifuge aré generally expresgsed in
gravitational units which are also directly proportionzl to the radiue
about which the materisl is rotated. The equation for gravitation force
iz £, = mg, m deing the mass and g being the gravitationsl constant, Di-
viding equation (1) for centrifugal force. by the force due to gravityo
the force in gravitational un;ts becomes |

F T (2)
4

Preliminary trials wers mada with the ultracentrifuge im ordsr 0

becoms acquainted with the technigue of operating 1t, Attenpts were made

to devaelop smell tubes to act as sultable contsiners for the virus suspen-
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siana which were to be plsced in the zluminum head, Ordinary gelatin ecsp-
sules proved ineffective ns they diesolved guite readilﬁ in digtilled water.
Both eollodion and parlodion aleo proved ineffective, Tubass made of thesge
latter maberizle become wrinkled ornd dletorted when revolved at high speede.
Customensde pyrexz glass tubes wefe finally ordered from a laborgtory supply

kouge and proved satiefactory.

1t was found that when liguide were revolved at high spesde in the open
hend of the éentrifuge. evaporation of the liquid proceeded rapidly. It wae
necessary, therefare, to hsve a closely fitiing cover made for the head which
was hold in place by = emall central bolt. This cover when fitted with a

gasket prevented evaporation slmost completely.

Extensive use of the ultracentrifuge in the virus studies included in
this paper was limited by the time element, The centrifuge was not received
until January 1948 and further delay was incurred by the fzet that prelimi-
nary trials with it were necessary before 1t could be used, and also due to
the faect that there was much delay in procurring the smsll pyrex glase tubes
necessary for the work, The major portion of the virus preperations, there-
fore, hod to be made using fildration and lor gpesd centrifugation technigques.
The groundwork, howsver, has been 1aid for the use, at thiszs institudion, of
the ultracentrifuge in virue research os well as in other types of bislogical

investigstions,

Proparstion with the Ultracentrifuge.

as a;rsady indicetad, the purpose of the ultracentrifuge in virus re-
gasarch work 1s to highly purify the materisl snd eliminate foreign snd con-
teminating materiéls as much as posaiﬁle. It cannot be repeated too often

or stressed too strongly thet in virug research the purification of the
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materia)l under investigstion te the highest dégree pon eible is particnlerly
important and necessary, Only after high grade purificaﬁi@n me thode have
been used cen successful investigations and intsrpretations bo made of
virus eatitlea, Virusse as seen undér the eleetronzmicragsege. withont the
uae of shadowcaeting technlouves which are digcuesed later, are génerally of
s rather shadowy and indefinite nature and do not consist of welleresolved

forms which are easiiy gseen and recognlzed.

In genersl the technigve of preparation of digesnse? plant msterials cone
éisted firet of 811 in“hérveating the diseassd tissugée generally the ine
faected leaves, and grinding or pressing them with 2 mortar and pestle to
exprees the julces, The lemves wers sometimes frozen aver nizht befsre
grinding or pressing, or they were ground or pressed directly =sfter being
harveated, In most cases n few ., of distilled water was added to the
lezves while extracting the juice‘in order t0 faellitate extraction and to
increasa the voluﬁe. These éxtracteé,Juices wors then passed through
cheegzcloth to remave the larzer amorunt of plant material which occurred
particularly when the materisl was ground rother than preesed. 4As indi-
cated earlier, pressing of Julces is sultable for some types of plmt wmoe-
terial, while with other types grinding ie necessary. FPollawing these
»prellminary steps the juiee mey be further filtered through Celits as
done by Stanlay {(19L0) who also added dipotassium phosphate to the Juice.
" In theee studies, however, filtration other than through chesgecloth was
not uged, The juice waevthen purified by differential centrifugation
which consicted of eentrifuging the meterinal at alternate high and low
speeds, “his method is coﬁmonly used by most workers in the fiesld of
virue research, Stanley (1940) used thie method in the purification of

tomato bushy stunt virus. Rawline, Roberts, and Utech (1046) also used
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this mathod, alternately centrifuging tobacco mosalec at 3000 r.p.m; and
35,000 ropem, In the crystalliszation and prepﬁration of squach mosaic
Takshashi (1048) uzed this methods, and 1t may be sald that it is the
zenarally azeested procedure in wvirus purificatign from either plant or

animal materisls.

In theee studies the Julece was first run in the low epeed centrifuge
at 3000 r.p.m. (o 5000 r.p.m. for a period of from one half to eze hour.
Tnis seried to throw down the heavier plsnt matsrial snd left, in the case
" of tobseco julce, = dull brown liquid, Swmall amounts of the brown 1lignid
were then centrifuged for perleds of 1 1/2 to 3 hours at %0, 000=60, 000 To Pt
These high speed runs ware generslly begun 2t a speed of 60,000 ropem. for
2 perlod of asbout one half hour st which time the prassure on the line which
furnished aiyr for opersiion of the ultracautrifuge had dropped of £ until 1%
resched a constant pressure of 12 pounds which corresponds o & speed of
about LGe000 ropeme. OCentrifugation was then ecarriad cat at this speed
during §he remainder of the run. Upon completion of the ulirsecentrifugation
-ﬁrqcess the smnll tubes zontaining the nlant Juice were removed from the
ultrac@ntrifuge'and the supernatsnt lionid was carefully deeanted and disw

carded, it heving been assumed that the major portion of the virus particles

3

now ware in the materiazl thrown down in ths botten of the tube, Thig pre-

ecipisate which in some casges consisted of suell pellets, and in other cases

woe in the form of a flne sediment, was then resuspended in z small smount

of digtilled water. Ia this manner the virus was again suspended in a liquid

madiam vhile the originally coileidal plant mabterial, due to the high speed

cantrifugel process, was clumped together %6 form small lumps. The resuse
pended virus was then centrifuged in a low spoed centrifuge 2t approximately

3005 ropem, for half an hour to an hour. Following this the lumps of col-
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loidal plant m=terial were found ss a sediment in the bottom ol the tube.
The superaatant liquid bemring the virus was them cerefully decanted and
small drops of the purified suspension were uged in the preparation of

mounts for electron microscops examination,

In 211 cases the differentisal centrifugatianvwas only repeated ences
that iz, the meterisal was first run 2% a low speed, then at 2 hich avead,
znd finally =t = low épeed. Some workers heve repeszted this process seve
arcl times in order, it is mesumad, to further purify the material, 1
have found, hcwe#sr. in my investigotlons, up to the preseni time that one
complete cycle of high aad low speed eentrifugation hag proved sufficient
o remeve the greastest part of the contzminsting material, =nd anlegs ox%~
ceptionslly pure msterisal is desired, the additionsl purification obisined

is not worth the sdded time involved.

An impcrtant, conpideration that =ast not be overlooksd in the use of
the ultr;centrifuge in purifyihg plant materisl is the fact that while
ordinary contaminsting plant substaneas msy be practieally eliminsted with
the inatrument, snd those remaining aulte readily idontified as ordinary
contaninants, thers still romaine the possibility that plant proteihs of
hich méleeular welzht and comparatively large silze meoy be thrown down
along with the vifugéa, Thase high molecnlar welght proteinsg may bhe
rendily confusad with the ?irusvparticles gn they are very similar in ap-
searance, Thie i3 sspeclally $rue if the virus under inxeetigation ie
spherical in chape, as prateénst@emselVes‘aiso‘seem to heve o sphe:ical
st:ﬁcture,in general, High méi@éular welght proteine were isolated by
vﬂoring. ngérneg and Wyckoff (1938) from the broad besn and pea plant,

and Tekahashi (1948) has isolsted a purified high molscular waightsubstance



Y
from squash plants which shows a2 striking resemblance to the virus of the

squash plant as isolated by him;

Preparstion for Examination with the Rlectron Microscope.

Mounting Technique

Following the purification of virus msterial either by centrifugsl
or filtration processes, it was necessery to mount this material for exami.
nztion with the electron microscope. For mounting material of this type,
small copper or steel ecreen discs are used, Thege disce sre slightly
more than 3 mm, in dismeter and have numerous smpll perforations, zpproxi-
mately square in shape§ through which the materisl being studied may be
viewed in the electron microscope, Over these perforated metal discs a
very fine, thin film of transparent material is placed to serve as a sup-
por ting membrane for the viruses. Various meterials have been used for
this purpose, Among theee nre Collodion, Parlodion, and Formvar. Viruses
exsmined in these studies have been mounted on membrsnes of both Parlodion
and Pormver, Farlodion, when used, is dissolved in smyl ascetate in a 14
solution; In using Formvar, ethylene dichloride is used as a solvent and
sbout 1/2% of Formver by weight ic dlssolved in this. Tests with both
Formvar snd Parlodlion showed the latter to be the better material for use
ae a supporting membrane, although many workere report highly succeszsful

resulis using Formvar.

The following method of preparation of specimen material was used
throughout the work. Distilled water was placed in = sm2ll, chemically
clean cylindrical glass dish spproximately 5 inches by 2 1/2 inches,
After the surface of the water had become comparatively still a drop of

elther Parlodion or Formvar was dropped on the surfece of the water with
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an ordinary dropper. These substances when Adropped on a water surface
spread out rapidiy to form g very thin film which 20l1idifies ae the sol-
vent meterisl evaporates. As already mentioned, Farledion dissolyed in
amyl acetate proved to be the better materia} to serve as a supporting
membrane, Films made of Formvar b:oke much more readily when subject
to electron bombardment in the electron microséope; and upon breaking
almogt 1hvariab1y rolled and twisted in such m way as to beénme useless
for the purposes intended., Parlodion, on the other hand, withstood elec-
tron bombardment much more effectively, and when dbreaking did occurs
there wae much lese tendency to roll and twist. After the film had
golidified and become ¥Yset! on the water surface, the small metallic
screens were placed on the surface of the film., Genernlly fmm four to
eight of these screens were placed on any one film in two cloeely spaced
rows, An ordinsry microscope slide which had been well washed and dried
was then carefully pressed down on the screens and supporting membrane
80 that the membrene adhered to the edges of the slide. The metal screens
were thus held between the slide and the membrane, Restaining hold of the
microscope slide between the thumb snd the forefinger, the microacope slide
was pushed into the water slightly and tilted st a small angle along its
longitudinal axis. An ordinary teasing needle was then used to cut the
msmbrans parallsl to ites length. The slide wes then pushed deeper into
the water, rapidly turned through sn angle of 130° and tsken out of the
water, The purpoge in cutting the membrene was prirmarily te make cortsin
that when the slide wae turned through 180° only the ofiginal layer of
the membrane covered the screens and a second layer was not deposited.
At this point the screens were on the upper side of the microscope eslide
with s single layer of the membrane covering them. The excess water then
was drained off of the microscope slide and film and slide were sllowed to

dry under a Petri dish cover, the latter serving to prevent the accumilation
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of éust and foreizn particles on the surface of the £ilm, The drying pré—
cess was gernerally hastened by placing the slide on 3 tripod ringstand snd
warming it from belor with en ordinary 4O-watt light bulb. This dried the
mambrane fairly repidly without dameging it., “hen the membrsne was cofe
pletely dry, a swall drop of the virus suspension under consideration was
placed on each of the soreens covered with the membrene. %The virus sus-
pansion was sllowed to remaln on sasch gereen for & perlod of from two to
five mlnutes and sometimes longer, The suspension was generslly deposited
on the membrane surface by means of an ordianary dropper which had been
drawn out to a fine polnt or by nmeans of = micropipette. The major portion
of the drop was removed from the sorsen with the samebtype of dropper or
microplpette, After removal of the ﬁrbps the remaining suspension was
allowed to dry agéin end after drylng was washed with distilled watsr to
remove as much &s pessible of the salts and foreign materisl present

{Cater and Sjanley, 19086},

All the preceding steps having been carefully carried out, the virus

under conslderation wae ready for examinatlon with the electron microscope,

In the preparation of tobacco mosaic it was possidle to use a further
refinement in technigque of preparation, Tobacco mosaic after having been
prepared for elesctron microscope exsmination by filtration methods was then

shadowgraphed, = technlque which is discussed in the following pages.

Shadowgraphing,

4 technique of comparatively recent origin is known as shadowgraphing.
Bggentinlly it cenaiits in the formation of a dark mrea resembling a shadow
on one side of the specimen under investigation, This proesdure has the

effect of giving the shadowgraphed msterial s raised or three-dimensionsl
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appearance which has proved of considerable agsistance in the study of
biologlical as well as other types of materisl. In ths case of virue studies
this technlque has baen elmoat indispensable in the recognition, meaeure-

ment, and identification of some of the viruses investigated so far.

Yecunigue of shadow casting.

This technigue was originslly developed as a means of measuring the
haights of abjscte under the elsetron microacope. The material under con-
sideration having been purified and mounted prior to examination with the
electroﬁ microgcope, is thep placed on 2 stage uﬁder a bell jar, The bell
Jar end conténts»are then evacﬁaged end a meta}lic substance, chromium,
gold, ﬁranium, or gsome other metel, is then vaporized by means of a tung-
sten filement,. (6ther metals such as molybdeﬁum may also be used for
‘filamente.} The particles of vaporized metsl travel in straight lines and
bombard the surface supporting the specimen obliquely =zt & sqitable angle,
Eighvpoints of the surface, such as virus particles, intercept the metal
particles in the form of s fine film, particularly on thg side from which
the metals are "shot®, Areas immediately behind the high poiﬁts'are blocked
from the metallic spray, end in a negative sppear ag shadows snd serve  to
make the particles in the field stand out from the underlying surface
(Williams and Wyckoff, 1945a). The prineciple compares perfectly to the

casting of a shedow by objecte exposed to light rays.

In some of the eerlier work using the shadowgraphing or shodoveasting
technigue, chromiur wae used as the shadowling metal. As pointed out by
Williams and UWyckefT [19L5%) this metsl 1s suitable ss long sms one is deal-
ing with becterin znd moetl virumes that are arge compsred with the thlck-
ness o the metellic layer deposited on them during the shadoweseting process.

In the case of smeller particles, i1.e, certain other wiruses, o false im-
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pregeion of gize and shope is given by the metesls of lower electronic
scattoring powers such ae chromium, As ghowa by Williams and Wyckoff
{1945b}, gold, whichims a higher electron scattering power than chromium,
is admirably suited for the formation of very fine filme and gives, there-
fore, a mora securnte representation of the specimen, Gold 1a capadble of
giving » caleculsted thickness of 5 to 104 as compsred with chromium which

gives a calculsted thickness of c¢a. 8ek,

This report includes shadow-cast photographs of tobaceo mosaic only,
4% the time this work was done, shadowcasting eoulpment wae in the process
of being built at Oklshoms Agrieul tural and ﬁaeh&ﬁicai Col&egeovbuﬁ wag not
completed until a later date. Through the ecourtesy of ¥r. Huch Barton of
Phillips Petroleum Company at Bartlesville, Oklahoma, tohacco moseic pre-

paretiong were shedowgraphed with gold and.pictures taken.

The adventsges of shadowcasting of viruses can be listed as fo;lows:

1. A three dimension2l effect ir produced, giving greater clarity
of the specimen,

2o Detrils of-morphological and physiczl structure are enhanced.

3. The shadow formed im the process may be used in quantitative
neasurements of height,

L, A means of assistance in identification and recegnition of the
virug ie offered hy this techniguse.

5. Greater definition and contrast is obtsined in the photography

of the viruses,

The procees of shadoweasiing is being used extensively today in mony
fields of research with the electron microscope and 1z by no nmeans confined

in ite use to the field of biology. It serves sdmirably in the investigation
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of the minute details of all types of surface structures and makes visible

structural detaile vhich otherwise might be invisible.

Beplica Technigue,

Often closely associmted with the shadowgraphing process is the replica
technique. It is particularly useful in the examination of materials too
thick to be viewed directly under the electron microscope, and has found
wide and extencsive applications in the field of biology. The technique
consists of placing a film of plastic material, Formver, colledion, or
ofther plastic, over the surface of the epecimen. The plastic, upon drying,
gives a replica of the specimen snd may then be stripped off and exemined

under the electron microscope,

The replica technicue was developed by Schaeffer snd Harker (1943)
and wae vsed by ¥Williame and Wyckoff (1945a) in preparing gold-ehadowed
specimens of tobacco mosalc. They were interested in the preparation of
& very smooth substrate in order not to confuse the ultimate structure
of collodior filme with tobacco moeaic virus, For this purpose they
used polished glass microscope sglides which had been chemically cleanad.r
On these surfaces they placed drops of the virus euspension which were
allowed to dry and wers gold-shadowed in 2 vacuum chamber, They then
coated the microecope slides with & thin lsyer of colledion, When dry,
the collodion layer wae stripped off the slide together with its adhering
gold, Thie eliminated the fine structure of the collodion because ite

structure wae not brought out by the shadow-cast gold.

Tha replica technigque was not used in sny of the studies discussed

in thies report.



-6le

RESULTS OF BIEPCTRON MICROSCOPE BXAMIEATIONS

Eobacco Mogele Virus.

The wirus first ewxsmined in thege studied with the electron micro-
scope was tohaceo mospic mirus. To the beginner in electron microecope
virue reseasrch this virne has soveral dietinet advantages which recome
mend 4ts ure, Az mentionsd previeunely, it is comparatively stedle,
exinte in high concentrations, iz nf relatively lerge size;, 2nd is gulte
rezdily igolsied from the host meSerial,, In'aﬁéition to this it Ims heen
phetographed so often that from photograshe in the litersiure the beginner

cer recognise it cuite readily vnder the electron microseops.

Two memns of prepsration of tobseec mosalc were used, Originally
the materiallwas prepered by the Filtration methods alresdy describeds
Using this‘methcd it wae poeaibia to view the virus with the electron
microscope and to obtaih phﬂtcgraphsvof it, With the sssistance of Wr.
Hugh Barton some of thie weterisal wase goidpshadowe& and photographed., The
gtriking difference bétwaen the two types of‘méterial. i.e. gold-ghadowed
and nor-gold-shadowed, osn be seen from the photographe which follow.
Virus entities thut hove not been shadowed zppesr oply =s dsrk rodes while
the gold-shadowed nebsrial stande out from the field in boléd relief and

giver » mich clesrer conception of the meorphelegy and structure of the virus,

3y

‘In add@itior the photographs af the zold-shelowad tobacce mosalc virus, in
- the cage of end-to-2rd eggregation of the geporste virus erntities, chow the
pointe or houndsry linse where the partiecles hove sgeregrted thomaelves end

_t@" E!‘:dﬁ

At the beginning of the studies meing the ultracenirifuge as e rmeons

- of purifying virng meterisl, tobscco mosaie was sgein used, largely %o be-



come acqusindad with the technigue involved and the recults which aight be
azpacieds Az shown by the photographs which follow, 1t ie possible to ob-
tain, a0t only very high eoncentraiions of the majerial, but pleso fields of
virus antities vhich are free of eonianinating plant meterial. As seen from
the shobographs, tohoeco mosalic appears in such o concentrazted form as to

present the apparance of a wed or aet.

From measuremsnts made of the partiels sige of ths 1s0)l:zted uwajerial,
and from comperigons with pleturse of tobaecco mesaic riras found in the

Yigoarature, end from the sxaninetiosn of henlthy tobaceo proparations, it

| L

hag been datermiznsd thet the materiz) feolsted from dlsesesd Turkich toe
hageo was the infections sntity cavelng the symptome known as tobacce mosaic
in the host; The besie. uwalte of the virus zpmer to be rodelils sirnctures
avaraging 15 =x 280 #e has hesn chown by other WG?kara“"Endﬂtoagﬁi
agegregation of the hasic wirus units hze 2lee heen ohserved in these ntudies,
In -ome cases this phenomenon appesred in‘a very pronounced mANDET, while

in other instsncee 1t wes hardly noticesble. No stiempt hes beer sade in
these sbudies to determine the probable cauges_af this rhonomenen. Studies
of thie type heve been undertaken by Rawline, Roberts, snd Utech (1906) and

by ether workers.

Sovere Btch Virua,

leaves of Tarkish tobecesn infected with sovere eich virus wars harvested,

frozen overnight, and purified using filtrstion technignes.

Bxemination with the eleciron microscope ylelded two types of particles
not found in heslthy fobacco, One of these wos rodeshsped while the other
consisted of moch small=r sphericelly-shaped perticles, The rod.shapsd
ertitiee suggested the pragence of tobaecos mosale virws which was later
confirmed by exsmiastion =ad inoculstion tastsz of the h;at plants foow vhich

the extract sxamined was obbalned. It was found that the host planiz orie



ginally containing only severe etch had become accidentally contaminated

with tobacce mosaic wirus,

Photographs teken of the extracte containing both viruses reveal the
presence of red-shaped and sphericcl particles. The small spherical
vparticlea may be seen scattered between the rod-shaped tobacco mosale virus,
These spherical particles asppear to be 2ll of a similarvsize end in p guf-

flcient concentration to suggest that they may be the sgents of severe stch.

Isolation of sevare etch virus from tobacco mosalc was not completed

in time to attempt preparation of eevere etch by ultracentrifugal means,

Sesbania Moganic Virus,

- ¥ollowing the initial success with tobacco mosalc virus using filtra-
tion techniques, an attempt was made to isolate pnd study the virus ceuaing

sesbania mosaie,

Lenves of sesbanis plants, which had been placed in the dark for sbout
20 hours to cut down on the starch contente of the lsaves, were harvested
and prepared for sxamination in the usual manner. Both healthy and diseaied
leavas were prepared in order to compare the two in an.endearor to determine
whether there were any entitles present in the diseased preparations which
were not found in the healthy material and which could possibly be identi-
fied as the virus producing the mosaic in sesbania, Several preparations
of both healthy and diseased leaves were made using slight modifications

in filtration methods,

In spite of the fact that all precauntions were taken to prepare pure
material for examination wibh the electron microscope; nothing approximate

ing conclusive results could be arrived ast, Foreizn plant moterials were
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generally present to such an»extent“thatﬁhe presence éf_the virus counld
have been eacily masked, particularly if the virus were spherical in shape

and therefore similer in sppearance to the plant materials,

In the preparation of 211 viruses from plant matéri&ls by filtration
nethods, dillation of the Julce following the completion of fiitr&tion pro=
cedures wee neceseary. It wae necessary to dilute the final extract in
order to decresnee thevheavy congentration of plant materials'othérwise
present., Dilution, in addition to decreasingithe amount of plant psrticles
preassnt, also decréases the nmumber of virus psrticles present in any gliven
preparaﬁign. In the case of virﬁsss guch as sesbanly mosalec virue, which,
unlike tobacco mosaic virus, may be pressnt in the plant extrsct ih comsz
paratively small concentrations, dilution of the materiasl msy also hinder
recognltion of the viruses es sﬁcho for in genersl it may be said that the
more concéntrated e virus preparation is, the easier it becomes to identify,
Particularly ie thie true in the study of viruses heretofors not exsmined

_with the sleciron microscope,

Studies on this virus ware finally sbandoned due to the inability to

obtaln eonclusive results unsing filtration snd dilution methods.

Cucumbay Mogaic Virus,

Maesged Turklish tobacco leaves infected with two strainé of cucumbar
mogalc, ons, ordinary cucumber mosaic, and the other a stirsin found om
bindweed by K., Starr Cheeter in Stillwanter, wers prepared for szamination
with the electron microscope, originally using filtration and dilution

procedures and later using ultracentirfugsl methods.
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Regults using filtration and dilutlon mathods were very unsatisfactory. o
strnctures could be;cohsigfgﬁfﬁyrecognizeﬁ as characteristic of diseased

materinl.

With the ultracentrifuge somewhat more conclusive resulte wers obitzmined
of the presence of what may be the virus producing cucumber mospic. Time was

the limiting factor in earrying these invastigations further.

Cabbage A virus.

Uzing filltration and dilution methods, an sttempt was made to investi-
gate the virus designated es cabbage 4 virus. For this purpeee leaves of
disegsed cabbage had to be thoroughly groﬁnd with a mortar and pestle as
the eabbage leaf yieldspractically no julee by ordinsry pressing methods
end wry little julce when ground. Even though rather complicated Tiltrae
tion methods were used to remove the plant ma#eriale present in large amount;
due %o the fine grinding of the leaves, mcuntsmhde of the juiee when examined
with the electren microscope were so heswvily igden with piamt subsbances

that recognition of the pfeeence of a virue was imposeible,

Pime did not permit ultracentrifugal preparation and subssquent exami-

nation of cabbage A virus with the electron microscope.

Cowpea Hogaic Virus. ‘

Freparations were mede of the cowpes mosale, eymptoms and host renge

- of which were discussed im the first part of this report.

Using Nicotlena glutisiosa as the host plant, specimens were prepared

for examinstion under the electron micrescope using both filtration and ule

tradentrifugal techniques,
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&s in the cszee of all other f£iltration preparations with the exceptions
of tabacco mosaic virus, exominstlon with the electron microscope failed to
zive results that were in any waoy conclusive, Electron microscope exsmina-
tion of cowpea mosgic virus prepared by ultracentrifugal technigues, however,
showed the prasence of apparently spherieally shapeé,particieas some of these
in & highly aggregated siaste, that méy be the infective sgent causing eowpéa
mossic, It cannot be ﬁefinitelﬁ*staﬁed that the prriiclee chown in the
photogrephe vhich follow are the cowpsa virus. HMore extensive invesiigatiorn
than hae at thie time been poscible would be necessary before conclucsions
of this nature could be drawn, It 1s cignifiesnt, however, that bodies of
the type shown were not found in eny of tha'exemiﬁationa of healthy Nicotiana
glutinoga. ©Gcld zhadowing of disezsed preparatinns would, no doubte aild

narkedly in the determinatisnn of the meture of the particles observed,

Yheat Vosaic Yirus.

Wheatvgrawn in experimental plentings at Oklshoms &griculturai and
Hechenical Cullege, =nd showing symptoms of a.mosaie; was prepared for
elegtron miéfoscoyic exemination, The ultracentrifuge was used exclusively
in the preparation of the dleeased maoterial. Healthy vheat leaves were
pré?aréd in 2 like mganer for purposes of compariason with the digeased

extrach,

As shown by the photograpP® which follow, = number of eimilarly shaped
particles appearsd in the field under the electron microscope, These seem
to show a definltie hémoganeity in their eize and zppearance and further ap-
peér to be éggregated to some extent., Similar types of hodies‘hava not been
found in e#trgcta of heslthy wheat lesvesa, Agszin, 1t is impoecible at this
time to draw &éfinite conclusione ag to the nzture of the particles observed.
Hore thorough 1nvestigatinns sre necessgry before definite conclusglons can

ba made,



-89
As pointed out esrlier, aven aftsr esreful purification snd the cobe
plete; osr practically complste removel of forsign substances from sleciron
microscope preparationg, the possibility sti1l) exists that homogeneous par-
ticles found under the elesciron microseope msy be high moleculér weight
proteins rather then viruses. This faet must be caﬂtinuaily kept in mind

in the investigzation of viruses with the electron microscops.

CONCLUSIONS

Hlectron microscope ztudies of plant vwirnses have shown thot 1t is
possible to isolate and obaserve the agents caunsing the voriocns virus infece
tione. The resulfe slso indicrte that careful preparation of ths specimens
using sleguate techrigues ig necassary before the decired vesults cur be
ohtrired, ernd furthermere;, that the accuréte end proper iaberpretetion of
the moterial under considerstion is only possible through extensive inves-
tigations of thet material, In the,identifination of perticles viewsd
with the electron mieroscbps ae the causal agent of any particular virus
disease, the necessity of exsmining numerous filelde of hoth heslthy snd

dicessed sxirscis is of prime importance.

Fach virne investlgnied with the electron microscope constitutes &
separate and dietinet problem in some respects, While ths zenerszl teche
nioue of preparation ie the same far all, the physienl zngd chemieai pro=
perties of the virus under consideration appaar to have » definlte effect
or thz aase with vhich adeguate preparatioﬁg are nade, This point moy
be 1llustrated by 2 comparison of the preparation snd observation of tobacco
moseic as contrasted with cucumber mosaic. In the caee of the former,

specimens are easily'prepared snd the virus czm be readily observed and
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identified under the electron microscope. In the czer of the latter,
satisfactory preparation 2nd identification ie more difficult, This le
probably accoanted for by a difference in physicsl and chewicsal properties
such as originsl degres of concentratlon in the host, size of virus proteins,
end genersl stability, which involves optimam pH, longevity in vitro,

effect of temperzture and worious other effscts, 2ll of which must be taken
into account in the preparation of the materisl for elsctron microscopic |
exsminetion. Another fsetor which muszt be considered in virus preparstions
using the uvltrecentrifuge, 218 one which‘variaa depernding on the molecular
welght of the perticuler virus under consigerstions; is the force nscesesry
to throw down the virus. Ae pointed out earlier, the force is direetly
proportional to the spesd and the radiue through which the virue suspen-

sion is revolved, 21l of vhich must 2lso he taken into consideration.

SUMMARY

& brief cutline of the kistory and development of the electron microe
scope, together with the basic principles of electren optice and the various

technigues of prepsration of virve speeimens is presented, includirg

iy

filtration and ultrseentrifugation methedsn,

Fxaninaticn of tobacco mosaic virue definitely showed the presence
of rodecheped bodles 1Smux lSOwy&which were identified ae the agent caueing
tobacco mosale, Examinstion of cowpea mosaic virus, whest mosaic virus,
and severe etch virve reveeled gphericelly-shaped bodiee which are believed
to be the entities producing ench of the respective diseasas. but will re-
cuire further inveatigatiorn before arriving at definite concluslions, The
gtudy of oucumber mesaic virus and geab&ﬁia mosszic virue.yevealed no agants

whiech could be identifind as the viruees producing thess diseases, a2nd z2p



£
inéastigatian of Cabbage 5 virus proved eatirely unsstlefsctory dus ta the

prepondersnce of plaznt materisle present.

It is woneludsd thet piezt viruses mzy be inverbigrted and Identifled
“writh the alactran miaxascagé with the nes of proper snd sdeguste iechrigies.
Yach virug under investigsti?g zast bes regzrdeds £% lezat inm part., se =
eeperste and distinet prodlem, snd the nrture of szeh virts must be tsken

ints mecount iz prepsring 1f for sleetren ricvoecope exsminatisr.
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Crotalaris Mogaie Virue

Bxplanation to Plate 1

Henlthy anc dleensed erotalaris plant, FHote reductiocn
in leaf eigze, distorition and bright yellow mosaic pottern

on disensed plsnt., Jeft.

Two heslthy, might, 2vd two diseansed, left, crotalsris ulants,

showiog dwarfing snd etunting dues to erotzlaris woesilc virue.






A,

B

Besbanie Yogsic Tirus

Fxplenetions to Plate 2

Hezlthy sasbania lesl

Fzgplenations to Plate 3

Digersed sesbanie leaf. Hote the distortisn, puckering,

z=nt moesle pattern on the leaf.

R

“wplonations to Plate L

T

Bexlthy secbonie plant
ieensed eeshanis plant. Note the distortisn., puckering and

reduetion la size of the legves.

Lzxplanations io Plate 5

Top view of » healthy seebania plant

i

op view o7 a J{iseaend seabsnin plant,
Hote extrame distortion. puckerinz, and erinkling of some

of the infacted leaves.

Frplanations to Plate 6
Heolthy, left, ané diressed, right, leaflets of seshania., Ibte
raduction in size, distortion, and puckered effect of disemssd
leaflet.
Haalthy, left, and &iaeagéd. right, leaflets of Ogden soybesn
infreted with peebania momsic. Note the anguler mosaie syaptoms,
vein clearing, and distortion of the edge of the disecased leafles.
Healthye right, snd dlsmsased, laft, lenves of Opden soybeans infect-

ed with gesbanla mosmsie,



PLATE 6




Cowpea Moanie Tirae

Fxplenatisas to Plate 7

4. EBealthy cowpea lesf

Dlaeneed cowpen lasf, Note the mild aymplome of veln clsaring em

m
L)

the centrgl leaflst Ane to infection with cowper mosaic,

Fxplenatlons to Plate 8

Ao Hoalthy Micotiens glutiness

Heeosed Hicotione plutinoss infected with cowpen mosaic virue.

bt
Iy
[

Uote the mild mosaic nnd dictortion of some of the uppsr losves.

Frplonstione to Plate 9

fhe  FEaplthy Miecotisne glutinoss lzef

g

[ ]

Lewf of Uicotisna glutinese infectod with cowpsa mogoie,

the lenf distertion an? mild mosaie eymptomg,









The Plectyon Micreoscops

Frplenetion to Plata 10

L. Shadowgrapbing apparatus

B. Opties of the Dlectron ¥icroscops



~—ELECTRON  SOURCE—=

=—CONDENSER LENS —=

- QBJECT ————=
=—0BJECTIVE LENS—=

=——PRIMARY  IMAGE —=
=—PROJECTION LENS—=

= FINAL  IMAGE —=
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Tobacco ¥oeaie Vieunas

Penlanatione to Ploie 11

Told-ghndowed spzeimen of istzeen mosalc virve., ¥ 21,100
approx., MNote the rodelike steuctures vhich ars the virus
and the eegmentstion of the long rode showing endetoesnd
seeregetion of individusl virgs periicles. The vhite ob-
jectes in ths Fisld are plont conterdnation, The epecimen
wae prapered by filtrstisn methods,

“oldesredowed specimen of $obmcco moesie virus, X L0,000

opproX. Fetrems snlargement hﬁé crused 2 fuzay appearsas

of the epscimon,

Feplnnations te Finta 12
fold-ghadoved g§geimen of tobsceo mosaic virus showing ths
Bark effect @f_h@avy-gald shadowlng, L3 000 soprox.
ZTakecce moseic virng X 10,000 2pprozr. The ecpecimen hgﬁ not
beon goldeshadowed, Hote the lmﬁg rode csnsed by endeto-end

agovegation of the virus particles

Foplonations 5 Plate 13
Pobnecs mesaie virus shovisg ex%rems'gnﬁ-to—@nﬁ sceregetion

of the virve ypertieclea. 7 20,000 approx.

4

frplenatione to Plate 14

i

Tobaceo moasic virus prapesred with the ultracentrifuge.

¥ B,750 opproz. Wate'hi *h conecsntration of virus porticles
vroducing & webhed effect. Iiork areme sre dus to the ngore
ration of the viruvs.

Tobacen meossie virva grépgred vith $he ultracontrifuge, X &,750
spprog.,  Pote the shrence of forzign materisl from the fleld.

Dark aress ave produced by ageregatisnm of the virus,
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B



Sechanly Mosaie Yireus

Zxplanatione to Plate 15

A, Tobhacreo mossnic virms, rodeghaped perticles, snd
gphorical perticles believed $o be sesbsnie mosale virus.

X 10,000 spprox.



A,

Cowpen Mosaic Virue

Txplanation to Plate 16

Bvtreme aggregation of apparently spherical particles
believed to be cowpea mosaic virue. X 7,500 approx.
Specimen preparad with ths ultracentrifuge.

Specimen from cowpea infected with cowpea mnsaic virus
and prepared by filtration methods., Note the masking
of what may be the cowpea mosaic virus by contaminating

colloidal plant material, X 7,500 =approx.






A,

Whart Mhealc Viras

 Bxplanation of Plate 17

Aggregation of apparently epherical pariicliee belleved
to be wheat meoaie virus. ¥ 8,750 spprox. Specimen

prepared with the ultracentrifuge.

Particles believed to be whent mesaie virus., The doubls

or peired oppecrsnes of each vartiels is dus to vidbration
in ths electron microscope =% the time the photogreph wase
mzde, Specinen prepored with the ultracentrifuge, Note
the lmek of eontaminé%ian or Torsaien eubstancee, X 8,750

ERRNIY..
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