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INTBOIDC'fIOI 

The fir•t part of thie report 1• concerned with the determination 

of the host ranges and the identity of three viru9 disease• ef leguminoua 

crops grown. in Oklahoma. 

The virus diaeaees etudied wet'e those of crotalsria, eesbania. and 

cowpeas. All of these legumes are of some economic i•portance in Okl&homa. 

'Both crotalaria and eesba.nia are grown in Oklahoma ae soil building green 

manure crops and though at present they are not grown exten1iTel7, they 

are becoming more widely ueed for thie purpo1e. Covpea1 have been grown 

in Oklahoma for many 7eare for soil improvement. The7 are also harvested 

for hay and for their eeed1 ae well ae being used for pasture. 

Little research has been done on the viru1ea attacking either crotalaria 

or ee1bania, but seTer!!ll. virus diseaaee of cowpea, have been investigated 

and reported. In this study en attempt ha• been made to identify the three 

viruse1 and to determine whether they are among those already known ol" 

whether they a.re new to 1cience. 

!he second part of the report is concerned with the use of the electron 

micro1cope in studying the morphology end 1tructure of varioua plant viruee1. 

In thie section the nece1eary 1tep1 and stages in the purification and prepa- . 

ration of the virusee are diecussed, and there is a general discussion of 

the techniques involved in thh type of research. 

The d.evelopment of the electron microscope in the past few :veart1 has 

made it po1dble aetual,ly to see the form and structure of virueea ttnd hae 

opened up a whole new field of virus research. 

-1-
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CROTALARL\ MOSAIC 

.lconomi c Importance of Roat. 

Orotalaria spp. genera.117 known ae rsttlebox, has auumed economic and 

commercial importance in the United States in the last twenty 7~ar1. the 

plant ha~ been grown in India and other tropical areas for much lon~er 

period•• Three epecies e:re grown eominercially in the United St tee. Cl'G­

talaria apectabilb Roth, .Q.. etriata D. 0. and .Q.. intermedia Kohchy' 

(McKee and Pieters. 1937). 

In Oklahoma, Crotals:r1& 11J>ect&bilh is uai,d 11.11 & green m~nnre crop, but 

crui.not be used for h..-,y ~s most of the species ~~e poi11onous to li'Yestock 

(tigon, 1947). 'l'he fact th~t mo!'lt e~cies are poi9onous to liYeatock makes 

t he plant eapecially useful for the purpose of building up the soil, as 

f armers growing the crop mu.at plow it under e.nd cannot succeeafully use it 

as a hay crop. It is also useful in riddtng the soil of nematode• ae the7 

~re unable to live on Crotalaria. In adaition to this the Crotalaria plant 

support• the growth of certain organiam1 which are the natural enemies of 

nematodee. 

A virue dieeaee of this plant would therefore cut down on the amount 

of foliage produced and thus limit the value of the plsnt ae a green manure 

crop. as well as limiting its value for nematode control work. J'u.rther, 

depending on the host r ange of Orotalaria. moea.1c, the yield~ of other plants 

and Ct"ops of economic import ance lllight be reduced b;r infection with the 

Orotalaria mo1aic virus. 

Source of Viru1. 

The Crotalaria virus under consideration vas discovered by K. Starr 

Chester. It had been present for eever.,1 ;res.rt in the experimental plote 
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at Stillwater, Oklahoma. Five field plante were found to be infected with 

a bright yellow moeaic, accompanied by severe stunting and aome diatortion, 

ThHe pla.nh were pott~d en placed in the greenhouse and preliminaey in­

fection tesh were made by Chester. 1'e11ts on Turkhh tobacco gave no in.. 

fection, but inoculatione into five plants of Q. epectabilie Roth in a 

period of approximatel7 three week• 7ielded one plant wi~h ey,nptoma of a 

bright 7ellow moeaic and one 1th eymptome of a green mosaic. Inve,tiga­

tione were carried out with the bright yellow mosaic exclusively, 

?eview of the Literature. 

Little hae been reported on mosaic diee3ees of Crote.la.ria. freeman 

Weiss of the United State@ Department of Agriculture has informed me that 

he has receiTed reports of mosaic disease on Crotalaria mund71, Q • .!l?!.£­

tabili1 Roth,£. atriata D.C. (: £. mueronata °'av.), and~. uearamoeneia 

~aker in Oklahoma. According to Weiee this virus h8,s not been identified. 

He also reports a mosaic disetuie of .Q.. apectabilh 1n Texas • hich is attri­

buted to a pea Tirus. A moeaic of th.e following Crohlaria spp. character­

ized by mottling, leaf distortion, and blistering, stunting and ehooi pro­

liferation occurred in test plote in Virginia: .Q.. incana L., .Q.. intermedia 

Iotsch7, .Q.. lanceolata E. Mey., Q. maxillaeie llotech, Q. spectabilie Roth., 

Q. etriata D.C. (: .Q.. mucronata Desv.), and,£. usara.moeneie !aker. Th.it 

moea.ic h co!lllmlllieable to Vicia ~ by juice in.ocub.tion (John.son !lD.d 

Lefebvre, 19)8). A moeaic disease of Q.. mucron11ta occure in Puerto Rico 

which it not seed borne {Cook, 1~31). A moaaic dhease of g. ,tuncea hat 

been reported in Jap&n an one of£. s&ltiana Andr. in China. Zaumeyer 

{1946) induced a moeaic in£. retusa t., .Q.. epectabilis and .Q.. nmoronata 

by artificie.l inoculation •dth one or an.other of the following virueee: 

pea. mosaic 4 and, 5, alsike cloTer mosaic 1 and 2. 



Materials and Methods, 

In attempting to determine the host range of Crotalaria mosaic the 

following plants were used: Crotalaria incana, Jimsonweed, Datura 

stramonium L. • tobacco. Nico Hana tabacu11 t. var. 'l'urkbh, Chinese and 

Groit cowpeas, Vigna einenais (Tomer) Hasek. tomato, Lycopereicon 

eeculentua Mill, and Vicia faba L. 

In all caaas inoculations were made in the follo"Wing manner: The 

juice from a diseased crotalaria plant was expressed by grinding •ome 

of the leaves with a mortar ano pestle. To this juice, in order to 

increase the volume to ~ome extent and &leo to hold the virus in a neu­

tral mediu11t, vae added a few c.c. of a potassium phosphate buffer solu.­

tion of pH 7, made according to the direetione of C .ark s.nd Lube. A bent 

glau spatula b ::>U.nd at the bent and fla.ttened end with che ,ee cloth wa1 

then dipped in the solution. The leave, of the plent to ba inoculated 

were then dusted ·1th Celi te 535 in order to facilitate the nntranc.e of 

the "1rue into the host plant, ,'!tnd the 1:patula, wet with the virus solu­

tion. was gently rubbed acro11 two or three of the leaves. After a period 

of a minute or two the leave• were sprinkled with Yater to wash away the 

plant material• conta ined in the inoeulum and further f acilita te the en­

trance of the vi.rue into the plant celle. The plants ere then observed 

periodice.117 for aa long as ~vo months in the caoe of Jimeon weed. 

Reeults of Inoculation•. 

Crotalaria incan~ L. 

On March 17, 1947 ten plants of Orotalaria incana were inoculated with 

Crot&la.ria moeaic of the yello"' mosaic type. On the 10th cf April four of 

these plants ehowed sym:ptome of the disease which soon became pronounced. 
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The moeaic consbted of a bright yellow mottle, producing ttome d.is .. 

tortion of the leaTes end etunting. The yellow areas in general consisted 

of band• or ,tre&ke running approximately :perpendicular to the long rutie 

of the leaf• 

Attemp-h were made to transmit the dis a.ee f 1' om the four infected 

plants by mee.ne of e. dodder bridge to o.th r he!.31 thy plenh. :Oorl eer, Cut­

~ cattrpes·trie 1uncker, was allowed to grow on the dhee.sed pbnts until 

it had made a ,trong connection. It was then ellowed t o make a similar 

connection with healthy Crotalaria plants and after a period of from three 

days to a week the connection was broken. In no case was the viru.e tran•­

mitted through the dodder. 

Datura stramonium L. 

On March 17, 194? one hqlf of a flat containing more than 60 Jim~on 

weed pl ante wae 1noculated with Crot e.leria moeaic using the method. -f 

inocultJ.tion already deecribed. The hdf of tl...e flat which was not inocu­

lated aerved ae check planta. 

These plants were observed periodically until May 21, 1947, or over 

a two monthe period. At this time t he pl ant g ab.owed no cymptomg of in­

:f ection and were discarded .. 

Wicotiana tabacum L. 

Seven plants of 'r11rkhh tobacco \ rere inoculated i.ri th Crot 1~:rta mosaic 

on ~larch 1, 1947. Af ter observ tion for a perio of Rix weeke no ~ymptoma 

of infection appeared And the ple.nh rere Ci ecar e • 
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Vigna 1inen•i1 (Torner ) R&eek. 

One quarter of a flat of Groit cowpeae and one quarter of a flat of 

Chinese co~e I were inoculated with Crotalaria mosaic on March 1, 1947, 

and observed for a six weeks period. These were discarded at t he end of 

the period as no symptoms were 1n evidence. 

Lyeopereieon eeeulentum Mill. 

On March 1, 1947, one half a flat of tomatoes were inoculated with 

Croh.b.ria mosaic nd obeerred for s . period of f1 T e weeks. 'l'he plants 

were to t &lly e,ympt omless at t he end of t his time and were discarded. 

Vici& faba. L. 

'l'en brl)adbean plants were inoculated · ri th Cro t ala.ria mosaic and 

obserTed for s, peri od of t hree weeks. N~ infection had oecur~ed at the 

end of thh time, and the plant s were discarded. 

Dieeueeion. 

As already pointed out, little pathological work has been done wi th 

any of tho Tiru1H of Crotalaria. It h impoeeible to determine whether 

or not thia 18 the same Tiru.s of Cr ota1aria as that reported in the MPlant 

Dbeaee Reporter• :from '.r~xaa and Okl Momn. t\S no escription of thia 

m~aaie 1s gi'Ten in the llteratu.re. tt is apparently not the same virus 

~s th!.t repi,rted from Virginia in the • ·lant Di-1e a.se Reporter", for it 

toes not produce blhtering or shoot proliferation. nn d.oe~ not infect 

V1c~.a. fsba. From e.11 the.t c t:tn be o.etermined this C:rotaJa:ria moaaic ii 

here tofore undesc,..ibed in any of t he litera.t ure. It is regr9t.ta.ble thst 

inocul-wn of thiz virus could not be ~re served, but the virus wae lost due 

to r oot diseas~ in the hos t plants. 
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SESEA.NIA MOSAIC 

Economic Importance of Host. 

Seebania spp. is grown .as a soil building green manure crop (Ligon, 

1947), At present it is grown only on limited areas throughout the 

State of Oklahoma and when closely drilled, producee 14 tons of green 

matter per acre or about 4 tons of dry matter. Here again, as 1th 

Crotalaria, a virus diseaee would in all probability reduce the amount 

of green manure produced and would be of further possible economic im­

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

Review of the Literature on Seebania Moaaic. 

Very little ps.thological work has been done on the virus diseases 

of Sesbania. Weiss in "fhe Plant Disease Reportertt does not list any 

virus diseases of this plant, and Sesbs.nia has received little -notice 

in the general literature. At present Sesbania is cultivated on a 

co11paratively small scale and for this reason, if no other, has received 

very little attention. J ohnson (1942), however, in his work in the 

viroplasm h)'pothesh found a virue dheaee of Sesbania macrocarpa Muhl. 

which wae •ymptomless on the host plant but which caused virus infec­

tion in soybean,. Johnson has not included any descripticn of the symp­

toms caused by this virus on the eoybean. 

Review of the Literature on Soybean Moeaic. 

All shown by the host reactions which follow, Sesbania mosaic was found 

to infect Ogden soybeans. The possibility exists, therefore, that the 

mosaic originally found in Seabania may be an already recognized virue 

disease of eoybeane a:rd a review of the literature on soybean mosaic 1e 

therefore preeented. 
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So7bean mosaic was first found in this country about 19150 'this 

virus has been described by Gardner !!!:nd Kendrick (1921) a..s producing 

stunting of the plants and petioles and shortening of the internodea 

to some extent. Leaflets are stunted. misshapen. ancr puckered with 

dark green puffy aree,s along the veins.. 'fhe leaf it etiola.ted between 

these puff7 areae and the -leafleh tend to be a.symmetrical, twisted, 

and curled downward about the mttrginso In addition. to these iypical 

mosaic symptoms, they further found a bronzing of the young leaves pro­

duced 'by a. 'brown d.iscoloration of short segmen.ts of the veinth nud l,9.rge 

splotches on the old.er leaves .produced by a. la.ce-like yellow!ng or 

browning of the veins (Kendrick end Qe;rdner, 1924)., 

lleporte of virus diseases ef soybeans and the damage caused 'by 

the virus come from e.11 over the worldo · leinze and Kohler (1940) 

report a mosaic of soybeans in. Germe.?l7 which is closely rel a,ted to 

or identical with that a,esc:r-ibed -for North Americao A serious mosaic 

of so7beans is reported from Uganda, Africe.11 causing severe stunting 

ot the plants with thickening-11 wrinkling and curling of the lea:vea 

(Jausford, CoGoe 1934). In Shantung Province, Ch!n!!.\o :infection of 

so7beans ranges as high as 1001'0 'l'his soybean virus is undeecribed 

but reported as being important in all soybean-growing regions of the 

count:cy (tu, 1939)0 Soybean moaaic has also been found in Q.uebec. 

Canada (Dickson, 1924), !!nd. in Rtm8:nia by SaTU.ltHtcu, San.du-Ville, 

Arone$eu, and Alexand~i (1936). These Rumanian workers found that soy­

beans suffered. losses in man:, districts from three foi-ms ()f virus 

diseases: leaf curl, brown moeaice and yellow mosaic,, 
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Pi.ere~ (19JS) world.~ ttith a. r:61bem.n viru@ found the.t the follOt1Ting 

hoah were not ~u~ce:ptlblo ,~ the v1:r•1.uu Pi5n,m i,~U vwn, ?h&1tHJ9lu1 wlg1.1rl th 

V1eh. f1ba. t-¥1?1110.tus 9:ff!ein~l ;\I, !rU'oUum pra.tengie, f:ritol;tum .repgna, 

re~esl,icup 1!:tiTa, :licnt1.&nl\'t .. •rfoASPJt, ":nd .Pe tun&~, hfbtida. Re deecri bee the 

viru.'ff as ooinc ch,n,acte-rhetl by mo·ttling i:,f n mer& or leM mild tYl*.: under 

gree:nhot1.e\t eanditionc. :t~/?.l.vee ver€! curled flt>wn'1ard ru1ci iM.1:for!T'.cd irith 

cfo,•.rk-g1reen ar-ea13 int.e,repe:r!!ed o.ver e. light gre$n (chlo-rotie) baekgroood. 

John~ et:';d Itohler (l.9!(3) ctrzte thr.i:t sofbi'!!M meanie now i,:p-peer!' to be com­

mon 1'll ~ll •Jo;r e!J1"tHH·,,s groi.dng are~E-. ~found &ymptoms tc eondst of 

t1l di,gtortioe of the leevec 1<ri th a~k f',l"een .P'JUehe8 along t!1e ~oin~ -cn· over 

the tni,tii-e lerdlElh.. J...ffected pliuih a'!'e s:tu.nted in growth, h;:;'C'e fl::.tte'ned 

aad ~tunte-4 pod!!• ··i!l,ll:(i th#t yield of so!f.'!d it\'t r:mt~riall;r ~eti'aeed. The ~isease 

b &ied borne b,t mcchtan.iC1J,ll:, tr1>nt1mis~ibl$ from pl:aY:.t \o pl~nt. !hey 

fount!. the.t 1~ e.t1d.1tion to thef!e tn,:icri,l mo~aie eymptor.n1;. thQ 1-ei!l.VSS ma, 

re.r'!O.in 1000th. tite sur!c.ee beeom1.n,g ttah&rpl1 mot.tl@d. 1n UD,t'ttlitr detiignaft. 

Ju o.t.m,:r Clt$es ti?.e l~f:lf is tr:rinkled or cd.!ikle<1 ·~uite diffe:;:ou.t.13' frorr; 

the puckering fou.nd :tn th~ fire.t: c~stl. A@ :poi.nte·fl ffllt by the &:nthors, 

. t~ vat"ie,ty of sJ,mptom~ suggef;t~ tb.!'at th~re ru:.-~ ssv!Zir&l i!loybGm'! '11irW!lea 

r-ethel' tlma one. DU'feren.t v.~rietie• m,,. also produce, !!IO-ffitftlhat d.1:ffere.nt 

sy19toms. 

§mu:et o 1· . pn \!1Yug. 

ln the fall of 1946 a single nt1.t'U'.!."!tll;y i\\f'Jclletsd SP.is'banin plru1t wa.s 

fou?W by X. Starr Ch~st~r 1n .B~r1:me.n.t !ta.tioa :plantinga flt Ck1ru1oma Agri­

cu.1 tvsl ~.nd. f.~eh~.uieoJ. College. !he pl~ut vae: potted ar.id p.t~eed in t.be 

greenhouse by Ches:te>r. 

SJm_pt(')ms aeco.mp~nying the di~ease were • model'1:'1,te gl'een mottling. 

dbtortion. ~n:l etunUng .. 



Preliminar:v: Tests. 

Preliminary infection tests were made by Chester. Three plants of 

IITobacco iu. one of several species origine,lly obtdned from L$ O. Kunkel, 

were inoculated with the juice from the diseased Sesbania plantc After a 

period. of two weeks no infectfo.n was observed. Three plants of Turkish 

tobacco were also inoculated. but gave no symptoms of infection .. Sixty 

Sesbania plants were inocub,ted with fresh virus ,juice using a cloth­

covered spatula. and water. Many of the plants inoctll!!lted in thh ma.nner 

showed infection. 

Mi!,terials rmd Methods. 

The same methods were used. in attempting tranP.misdon of this disease 

to various hosh as were used in the transmist:don of Crota.laria mosaico 

Attempt~ were made to transmit the vi rue to the f ollov.ing hos ts: Datura 

stramonium t. e .Qllcumis _sativt1s L,.., Nicotiana tabaeum Loe Vi@! sinensis 

(Torner) Haesk., L;rcopere~ eseulentumQ Mill.e Sesb~nia gr:andiflora 

Poir. 9 Nicotia.na glutinosa Lo 9 Pisum se.tivum L., Soja ~ (L.) Pi:pere ~nd 

Phaseolus lunatus L .. 

Reeulti!> of in~cy_l€!!,n1 • 

.Dmtura. stramonium L. 

One Mlf R. flat of .Hmson 1,nsed. was inocul~ted with S9sbanh. moe.a'.lc 

usil'f..g the tl$lll:ll mr~thodcs of tnocu.lr,tion .a11d. ~Ster observ.•lt1an for ~. period 

of ~bou.t rl;i:tl.a weeks W!Ii:! ci~cmrded as no symptoms hi:td a:pp-sared a.t this time .. 

Ou.cu.mis sativus Lo 

One half a flat of cucumber plants were inoculated with Sesbania 

mosaic and observecl over a six weeks period,. 'fhe plants were discarded. 

at the encl of this time ae no symptoms were in evid~nceo 



Nicotiana tabs.cum Lo 

Jollowing inoculation of seven plants .of Turkish tobacco with Sesbani& 

mosaic irirus and observation for fi va weeks9 no symptoms developed. and. the 

plants were diseardedQ 

Ji,gna sinena i.1 ( forner) Hateko 

One half a flat of Chinese cowpeaa, one quarter of a flat of Groit 

c.owpeaa. and one half' a flat of :Black cowpeaa were all inoculated. with 

Sesbania mosaic. Af'ter observa.tion for a period of from four to f1Ye weeks 

all were discarded except for a single Groit cowpet:1. plantQ 1.?his plant waf!I 

thought to show poseible symptoms of a virus diseaHo It was therefore 

potted and. obaerved for approximately two months at the end. of which tjme 

ell previous eymptoms ha.d disappeared and the plant e.ppea..:red to be perfectly 

normalo 

t;y;couerstcon. escu.len.tum ?Ullo 

Observation ov-er. a five week• period of one half a flat of young 

tomato plants inoculated 1.rith se3be,nia mosaic showed no symptoms of diseaseo 

The p1a.nts were discarded at thh time. 

Nieot18J;l,?. glutinosa t .. 

fen pot~ containing one plant e111tch of !o gh1t!_nosa o;arc inoeula.tod 

with eeebania mosaic and in~pected frequem.tly Gver a. period of one montho 

No symptoms of disease he.Ting appeared. at this timev the plante were 

d:iseardedo 

Pis.u."!'I 51atiyµm Lo 

J:nt"ection teats with one half a fla.t of American Wonder Pe&s ahOIAld 

no symptoms a.:ft~r two months .. 
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Phaseolus lunatus Lo 

Infection tests with half' a flat of :Bush Lima Beans yield.ed, no 

symptoms after two months .. 

~~s\ap.i.a grandif'lo:r!!! Poiro 

fen young Sesbani£.t plants were inocule.ted '!lri th Seabania. mosa.ico At 

the end. of appro:dmately one month 0s time all 10 plants showed typical 

symptoms of the mosaic.. Mosaic symptoms 1n. Sesb~:nie. are che.raetgrized by 

a mottle of the lea.ves and a pronounced. puckering ~nd d.istortion11 the 

latter very pronounced on some lee.ve• accompanied b7 stunting and. d.warfin,g 

of the plant .. fhe diseased plant may often recover11 at least for a periode 

fl"om the affects of stunting and attain normal or nearly :normal size. 

l),a..rfing ood stunting Sf>Om to tmke plAC.e primarily in the you11g inf ~eted. 

r,lant o As the plant 1c1e.tur~~ it a.ppi1:lB.rF! to overcome thiti ~ffect ~d auwne 

:nor:nal. dz~e fhe other sympto!ns ~1ppe.re~t1, persist thl'nughout the life of 

the plante ioeo mottlee p-uekering of thf. le&.:f eurf~cee ~.mi. Je®.f d.fatortione 

although these symptoms mey e:ppea.r more pronounced at one time the.n at. 

s.nothero Partieu11'.rly does this ve.rb.tion in symptoms appear in the case 

of p1ant~ kept in the greenhouse du.ring the summer when tempe:.r!.'l.ture.t range 

:rrom 90° to 110° 11 01• even highftr. Under theae con.di tions the symptom, 

become mask~d tmd do not bf:Jcmue pronounced again until cooler weather hae 

~et in11 

Af<\! h the ce.se with m~ny virnses11 the symptoms are ge11era.l'l7 :notice­

able fir~t on tha yo'!lng lea.veso· WhUe the older leaves JM,Y ~ppear norm.ale 

three weeks to one month's time after tnocula.tion with SeshaniEt moeaic, 

the newly developing young leaves will begin to show a eh..~acteristic 

mottlelil d.1stortio:n, and puckeringe and ae the leaves develop, the puckered 



condition beco!Th3s more prono1..mced and at least some of the lee:\TeS become 

so dhtorted as to be herdly recognizable" 

So~je ~ (Lo) Piper 

Twenty-two yotu1g soy"be~n. plants of thA Ogden V"'riet;r were inocu.l~,ted 

with Sel:i\bti.,n:l(:t mosaic$ After a. period o.f from three week!."! to ~. month., 

seventeen of the plenh showed infecti~u with the moe~icg Subinoc:ulations 

were then m?..de t'rorn the di.see.Md to he?.l thy eoybe~.n pl~nts .?nd theee in 

turn showed definite symptoms in a. period r~nging from three weeks to a 

month 8s U.me~ Followtng t:t:ds 9 c:ross-inocu1~.tions ·were m~ne in which 

healthy ~.oybeane were inocu.lated with th~ ju.ice from diseiu;ed Saeb~nis 

plants t.irh:1 le heel thy Snsb~ni,a w~,s :lnocnfated wit.h the jtiioe from d1 see.sed 

sojr'bee.nso 1.f.len he~J thy ph,nts of soybe~na a:m3 Seeb;li'.li~ were need,, All of 

the pla.nts inocult~,t11Hl showed !.'1.ympto:ms of the dieeaee., 

Oe;d.en if!Oybeans iafected with SesbHnia mosaic g,re stunted in growth 

a:nd dwf.i.:rfed i.n ep~:yaa.rrmce., The lef'!.Ves a.re che<M.ete:dz.ed. by th intense 

el".d atl"i.kint: mottle ~'.howi:ng ve:r~· ~harply eontrtu"t~d ar.Aas of yellow and 

dark g1:-een., Thes~ e.1 tarn.ate d."'1,:rk si,n.d ,green a.reas e:re g;enera,lly angular 

in appea.r~u,.ce end. give the leaf e flecked. e.spec,t,, On ~oroe leavee tbe­

yellcw e1'1oroUe ~!"e11s predomin.e"te while on others thP green t:n:•eae are 

predomina,'lt., 

Tr~.ns:mis,11 ion. e,t tempts .!dlll...~ilo 

.A.ttel1pte 1'.ffere made to trnnsmit, St~t1b~nfo. mt'HMdc to both Sesb~nil'l" and 

eowpeas 'by mM,r..s cf ~ dodo.er 'br:i.dge u.dng (fusettt~ C:'1Jrroeslrl9 Yuncker. 

The :S',tternptt ;,.rere a compl.et~ f~:llure e.$:i it WM :i:iract'i.ep,lly blpOssible to 

cau<se the doclder 't;o attach i ti::elf to the Sesba.rrlia pl~nt,, !his may be 



accounted for by the woody nature of Sesbe.n:bi. or by the hoet specificity 

of the strain of dodder which was uc1ed ... 

Conclu1dons o 

As slH>1::111 by the preceding e:r.periments, the mosaic origin~lly found 

on Sesb.anir,. is r~adily transferable into Ogden scy'b"'~ne and ju!':t E',!'l e:Miil;r 

transferred back into healthy Setben!B. pb:nho 

Symptoms of the diee~.ee on My'brm.ns strongly suggest th~t it ii! one of 

the less common soy'hee.n mosaics described by Johm11on and Kohler (19l!J) ~11d 

cleeo:dbed here in the review of li teratureo Partieul~r1.y \'.ll)ee the ~:ngula.r 

design of the mosaic infection on the leaf as de~crtberl l'.'t:'10 phot,,grephed 

by them suggest that the virus originel.ly found on Seeb~:nta is the sa,ne a.se 

or very closely rela.ted toe their 111oybe~n moeaico 

It ir; co1:ot1Jlin thHt fSes'i:ianie, mosa,ic is not the s~me aa the ordinary 

t;Jt-:Pe of! aowpea mosaic as dfu1cri bed ·by several auth(')t'f!!o 

OOlf:?EA MOSAIC 

Cn"t;rpeas h:l1re been grown in Okl~honv;i 'lrrr me.n.y yea:rf., Ab,1ut h~l:f t,h~1 

cowpea.a gro'tm in th-9 st~"lte in the last few yei'.l.rs h:'l:cvc bel?n u~~d for ]')Urpoees 

of sc>il improvmE:nltb Pra;1·t of ~he crop ir; · harvested for ha;r9 part is used 

f.?? p::..~ture and the :remain,:ler is harvested. either for the ed'lble seed or 

p.:1,ses of soil imprt;,1V•'?ment. any cowpea mosaic may 'become an important factor 

:'l.u cowp1:H~ p1·oductio:no :hi thrJ case of the use of the seed. fo:c seed eertifi-



c&tion a mosaic would be of th~ great~H::t im:port.ance; aa some moi':lai.c~ of 

the eowpea, h~,re been shown. to b!a! !;l~?ed borne ~nd 'f!!r.!"3' 1.nfect a.111 much as 

30 to 4-0 percent of the seedo ln one known instance a. 40-a.c.re fteld of 

eow;peae in Oklahoma wae disqualified. for certi:fica.tion bec~use it was 

Sqv;t•ce.~riLt.b,e _ v.1.:ru~ .. 

In the fall of 1946 a etr,;,.i:n o.f ccw,r:i1c~ rno.r,:ate v:~i,f; f ov.nd b;y~ K., Strrrr 

e:·ter in. "'· f:telct p1ru1.t t11 JZ'.:zperiment Stgtt.ior.-, plantings at St:i.Hwat~r.P 

OkJ~.1?.C',m!'.),., !t'his J:>'.'.bm t wa~ pot"i;ed a.nd plr"'.ced in the greenhouse by Chester 

:Preliminary; tests" 

On O(rl.obe:r 17e 1946 three plants of tobitcco lf; already described. under 

Sesbo.nia Mosaica were inoculated by C-h.ester with. ('fowpea Mosaic., These 

plein.ts were ()bserved at vec:i::ious periods until November 9 a.t which time no 

infection had. l.)Ccurred.g Three plruits of Turkish tobacco were then inocu18.ted 

a11d in a period of al1out three ~:reeks ::, light green mottle wag noted o:n one 

of these planho This plant J..ater developed necrotic systemic i.nfeetion 

pl1int to thre0 hei:il l;i:W plants o:f 'fu.1•ldsh tobacco caused. thR appearan_oe of 

sy-Bptom~ in nine rl&ys o ·time., /lt thh t:tma two of thl9 p1Cd.nts showed large 

nee.:rotic local lesirJn~t,) thin 8.nd trt,Yui:pax-ent., T,,,o weeks 1.9.ter ·these showed 

ty;picel syatemtc n9crotic ringspoto A~ there was no virus of this type in 

enl ture 1.n the greenhouse at th,~ tim!"!e there was little chance th~t the 

infection wa~ 8Cctd.9nt!'ll., 

Review of Literi:11.ttn~e on 1.l:ob~cco Ring11reoto 

Ringspot infection on ~ome of the agronomic V8,rieties of !Io tabacum 

in Virginia we.s reported tn 1922 by Fromme and Wingard and in 1924 by 
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Wingard end Godkin. Wi ngar d ( 1928 ) states t hat the symptom• of the dieeaee 

are reetri cted to the leaTee of most of t he hoet plants. but m9T appear on 

t he eteme &nd fruit• in some caaee. Infec t ion usually resul ts i n the forma-

t1on of rings and lines the.t spread out in a sigt:a« menner. Wingard ha• 

divided the hoate infected with tobacco r i ngepot into f our groups depends 

i ng on the type of S1ffll)to111s fou.nd on the Ter ioue hosts end has grouped thoee 

which show •trikingl7 dmilar eymptoae together. Talleau (1932) ha• shown 

that there are &t leaet two types of toba.ceo ringspot. the cotnllon type of 

•,mptome being recognized b7 the pretence of large ohlorotic &nd necrotic 
i 

ring. and-line patterne. With this t7pe of tobacco ringepot the leave• 

retain nearly normal color and appearance. The chlorotic pattern ie ..-arious 

ehadee of green with little or no 7elloving. The other atrain of the viru1, 

hoveTer, eanHs the formation of ditltinct17 7ellow patterns. 'l'he entire 

leaf of the plant beco•e bleached elightl7 or turns a light 7ellovhh green 

to nearly white. In the ease of infection with the green type of ring1pot, 

the lover leaves of the plant are generall7 infected vith a chloro1ia, 

gidng a blotched appearance, which seem• to be a a711pto• of ringapot. 

Telleau further etatea t h&t ring1pot Tirua, either of the green or yellow 

type, retard• the deTelopment of the pollen graine and he euggeeh that 

ringepot T1rue m~ cauee _pollen eterilit7. Ae shoYn b7 Price, (1932), eeY.. 

eral speciee of llicoti&na infected with tobacco ringepot thaw •ree0Ter71 

ae a normal behaT1or of plants infected vith the di1eaee and they do not 

denlop further e711Ptome on reinoeula tion with the dbeaee. When inocula,... 

tlone are Mde from tobacco plants infected with tobaceo ringspot to Vi.pa 

11nene11, tT]>ical red leeione deTelop on the surfaces of the inoculated 

leans, and the number of theee can be used to detennine the concentration 

of t he virus (Price, 1936). 
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ReTiew of Liter ture on Covpea Mo•aic. 

There ta, been co11paratiTel7 little published in the liter ture on cow­

pea 11108aic. Jllliott (1921) first reported a cowpea mosaic in Arkansu. 

Thie di•ea•• was later found in other sta.tee1, but ae far as h known, no 

pathologic -1 work has been done on the ArkMtut.e viru•• 

McLean (1941) reported a covpea 110uic at Oklahoma Agrieul tural and 

Mechanicel. College which ctn1aed a aeTere dwarfing of the cowpea Tarietie• 

ProgreseiTe \111te and A~lington. Other symptom, of thie diaea1e were Tein­

clearing in the deTeloping leaTee. :Following this or auociated ·1th it, 

was a typical mottHng of light and dark green. Accomp&!l7ing the mottling 

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

Harding (1941) working at Olcbhoma Agricultural end Mechsnical College 

has reported a covpea mosaic wich he found to be aap.tranemisdble to cow­

pea1 snd certain 11ernbers of the Solanacese. In :licotiane. &lp.Unoaa the 

e:,mptome of the moeaic began a1 a distinct Tein-clearing in the leaTe•• 

!his graduated into a diffuse bli•te~~ mottle &ecompanied at times b7 scat­

tered area, of necrosie, especially at the edges of the lea~s. Be fottnd 

t hat the lea.Teti eo.rled downward and were Ut1U8ll7 reduced in eize. In 

Nicotiana tabacua the 1yw1ptome began a• pronounced Tein-clearing in the 

leave• of J'Oung plmh, Thie changed to a, mild moeaic as the plant11 grew, 

hich either per•isted or event12&ll7 dieappeared. In petunia & mild 110•aic 

wa11 produced i th no lee.f dhtortion or necrotis. In covpeae the Ti rue 

causes a Ter7 seTere disease. It began ae a brilliant yellow 11101aic in the 

701mg leaTet. lfhe 9ucceed.ing lea.Tee had a striking Teinal moeaic which 

was accompanied by a ee~ere downward crinkling. Often the plant• were 

short-lived. 
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Sn;rder (1942) re:po!'ts a virus diee~M\19 of the a~paragns bean, ,agna 

sesr3ui:J2!,d.a.li4 Wight. which takes the f OJ."m of n. mosaic both on this boat 

8.t'il. on eowpeas. Th~ elose rela.ti&nship ()f the as:pru-agne bean to too eaw­

;pea, hoth belonging to the same genus, warrants ~n e:mmin,'l;J,tion of the 

mosaic aoo. aa attempt t.o d.et~rmina ite relationship to the cowpea mosaic 

under inveat1ga.t1ono 

Diseased asparagus beans show a light and dark moeaic, . often accom-. 

panied b;, a dowmrard rolling of the leaflets which. b~ .fr,q_uen~l7 pr~'ll'Q.CJd. 

the dark: green area11 tend to baeome puffy and realllt in mill ru.gose symptoms 

or lea.f distortion. The dark green· areas frequently form broad ba.nd:e along 

the main veins of the leaflet, leaving the remainder of the leaf light 

green in color. The infected, plants a.re of ten dwarfed, eapeciai17 if in• 

iection. bu- taken place through the seed, 

'.fhe virus is transmuted both mechanically au:i:t:? by the aphid MaeromipbD, 

llll! (Kalt.) and Sn,der believes th~t other aphids t1hieh feed nata.1rally on 

the aspe.r~s bean may a'.l 90 be Yeetors of tm vi.rue. 

!he seed-borne nature of the viru,e emphasises 1 ts simila.ri ty to the 

Y1ru.aea of tb.e cowpee.. !he fact tbs t the uparagus bee.n mosai~ doe e not 

in.fed cat;Jang, VJoa cat.iang Walp •• differentiates it from McLean1s cov­

pea. mosaic which doett; boweYer, McLean did not test his eowpea -virus on the 

aspal"agu.e bean. 

Snyder states that on the basis of sy'lllptoms, oeed tr.ansmied.ono aphid 

Tee1H>l'So and. properties. the asparagus bea..tt mo.sale clearly belongs to the 

group of virnaea th~t cause, reepecti vel;r, the seed-borne m1:>eaics of eoffll. 

lllO» bean,, soy-been, and eowpea.. Ile considers that biologic.,uly tl':lese viruses 

:m&T be considered to be phy'siologio forme of the same virus species., 



Yu (1946) has reported a mosaie dbeaee of cowpee.a from China whieb 

waa prevalent elong the Yangtze 'Valley and, acco,rding to him, was not 

related tt>, other eom.·1run1 bean or eoibean viruses. He sh.tee th~t the 

.eymptom11 vw.ry with nrieties. the first ·~ymptom is a. clesring-o:f-ve1:n!! 

wh.ieh starh at th.IP- base of th-e leaf and eprea.dt over the entir~ leafo 

!his is •ery pronoun.cad in some Tarietiee. After 10-12. d&yth eonspicuoua 

mottling appears 1dth ehloroUc areas well demarcated from th& green t11un1e. 

Irregular patches of light gree:n develop which often contain t•leh of nor­

mal green freqnently parallel to the veins. AcoemprulS"ing the !l'!osaic there 

is cu9t&maril7 a slight convex euppittg, arching, or inward ro1ling of the 

leave1-. 'the leaves are oft.en puckered and show deep marginal indentetio:u. 

ln some Yarieties lesions develop which. turn dark brown toward the end qt 

the growing aeaslfflo D8.l"k reddish brown discolo;-ationg ffl!!l..Y' be_ produced on 

the veias au! the tep le"'ves become stunte~. 111~'1hapen and puckered ¢ th 

dark green U3as along _ tm veine. _ !he :re 1:ts t.il so a. generf!.cl stun.ti:ng of'. tp~ 

pL~nt s. shortening of i:ntemodes. am a ten.a.ency toward u:-eeeslve 'braneh:lng. 

Ae well a.e being transmitted mechoical 17, the Tirus was also found 

to be transmitted by three tnea of aphids, .and was found to infect both 

lima and adnki be·a.n&o 

Yu states that this cowpea moaa1.e regembles aepe.ra.gus bean mosaic in 

syr.nptoms and properties, while ih host range reeemble-e th-9.t of McLean'• 

eowpea m.oeaie. lie consider~ the$e three viru,e, to be very clo$el7 

r.elated.. 

An e:Qer:lm.entttl strain of eun:mbe:r mosaic has been found by Price 

{ 193~) which produces a.· mosaic tn cowpeas and. which is therefore called 

eowpea mottling atr.a.1n. Jhcept for the mosaic reaction on cowp&ae all 
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othei- host r eactions are like t71>ic 1 encumber mosaic. Price baa shown 

that P.11 other titr~ine of cucumber moeaic produce only looelh~d infec­

tion i n the form of necro tic red lesions on cowpe !\• 

1urther tnfl'tction Studiee with ·Cowpes llloeaie . 

J'o llov1ng thP. prelimin r7 infect ion te11h ma.de by Ches ·~-, r in t he fall 

of 191J.6 further eystemati c etud1e s were started early in 1947 t o work out 

at l east a pa.rt1 1 hngt r nge of the virus and tc d.etenine hether or not 

thi virus. originally found in cowpe s , eould be clasged a e train of 

tob ceo ringspot. 

Materials a nd Method,. 

Studies on host range were carried out. on the following: Nicotiana 

tabs.cum L., 1'1eotiana glutino11 L., Vign~, e intrn11! (Torner) Re.eek., 

L7co:Pf!r11con eeculentum Mill., Pisum 1ati'nlll L., Phaeeolu1 lunatue L., 

,§gJa !!A& .(L.) Pipel', Oueumie eaUwt L., Datura 1trponiU1t .L., Petunia 

h,Ybrida 1'1111. , ,un Capdcum fruteecen1 J,,. 

The method of inoculation of tho aboTe ho11h wa1& t he aame .. aa that dee­

cri bed under Crotalaria Mosaic, Oelite being ueed ae an abraeive. The 

plants were obserT~d oTer Tary1ng periods and the rAr:roltg of the inocula­

tio ns were recorded. 

Re11ulte of t noculat ion1. 

Wth the excepUon of t hose hoeh indicated, all of the following hoeh 

were inoculated with virus from Nieottana tabaC'\111. which rutd been :,rigine.117 

infected from eovpea conta ining the aosaie Tiru~. 

N1oottana tabacum L. 

SE'"V"en 70UD8 plents of !f.. taba.cum were inoculated with cowpea lllOea1e . 



After a period of 10...lh !'1nys, tt1·0 of the seven plants shoved sympto1t1e o:f' 

the disease.. h s;,itllJftoms originally co :11sisted of a light gr,1,en mottlee 

developing efter a period of three weelts into a !!lJetm,;de necrotic infe.c­

tton of the n.ngspot t;rpeo fhe plg.ntz i•rere ;preserviad a.ml $.fte.,~ I"). prirtod 

of from h10 tc tl'.rrfle months lott ~ll ring~pot s;vm:ptomi:111 the light grMn. 

not tled effect remaining on some of the le eves of the diaeB,Md tob~_ceo 

pla:ntso Oecasiorw,,lly ft.int ringepot ~ttern.e ~in became manifeet on 

the lower leaves of the tobacco :plant&. bit these e.gain. disappea.red after 

· a eompar-;tUvely short period of timeo 

In order to eheck these results ten additional plants rtf Ttlrkish 

tobacco were inoculated with eowpea moea.io. Agai».11 .no infection was 

fau.nd aft<t,r. obeenation for a three to four weeks period. 

With the high te:mperat\tt"es 1.n the gr~~nhouee c!uri!ig the mmioor all 

sy!lrf-)toms of the dise~.se 'became mi!ti!kedo 

One of the ~:rkhh tobacco plan.ts inocule.ted in A:prU 19t1,,7 shoti.fedll 

in addition to the ringipot symptomsv seve:rd yellow spots inoJ.:eatin.g 

the possible presence of mutants. From these ~·ellow spots inocu.lsrtfons 

were ma.dee ueing a '9,2 insect needle, into thirty young pl~.nts of 'lu.rkish 

tobacco in an attempt to ieol~te poesible mutants. After two months 0 

observation no eymptoms of disease had developed and. the pla:nts were 

discardedo 

i3eveu plant g of !u.:t•khh tobacco were inoc:ml;d;et! with eo·Npel'1 mo~a.ic 

'.b1 the S!>r'i:ri..g of 1948 f·rom di~ensed :iiie,ntiana t;:lut,inosa. Afte1• ~ period 

of' :five weeke !!O sympi.01.\'!s of any sort h~vl devalo:p·c1Cl en'.! th~ plant~ o Thh 

was in markted contrast to the symptoms found on the inocu.la.Uon of Tu.r­

kish tobacco one year preTi01.1s· to this and suggested possible attenuation 

of the virus .. 
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Nicotiana glutinosa L. 

Ftve young flicotiana glutinoea planh were inoculated Yi th the eovpea 

Tirue and. in a period of three to five~•• ell plants showed symptoms of 

a dbea8e. Symptoms conahted of definite lesion .and. ~ crinkling and curl­

ing of tbe leavee. A~ the di!!e M became ey temic, theH -•ympto • disap­

pea.red, and i,nl7 e light 1~llow mottle of the lesve8 remA.ined, aceampl!lllied 

by a dight dhtortion in eomt11 of the leitvee. Inoculation• from tbeee 

dheaeed plents into healtb.7 lieotian1 glu\lftM pl-ante fi·..e t.o eix month, 

later produced onl7 a. light 7ellow mottle v1th slight dhtortion of some 

of the lea"nts, and eince this tim~ further inoculation, into healthJ l!!­

cotiena glutinoaa planh ha.Te yielded only these 1yt1ptom•, no ledone or 

condition, of crinkling and eurl!ng of the lernets being faund. 

Vigna daea•i& (Torner) &eek. 

Attempts wer:e !llllde to trana111t the covpea mo1aic into four t:,pea of 

cowpeaa: Chtne1e, Groit, Blaek, and Blacke7e. 

ChineH cowpea11 

One quarter of a fl~t of Ohineae ' cowpea1 was inoculated with the 

mosaic in Ms.rch 1947. i.t'hese w9re obtserTed during a period of 111ore the 

fiye weeka. There being nQ _ 1aUs:fe.ct,r7 eTidonee of dhe~11e in an7 of 

the plantt, they were f1nall7 diecftrded. 

Groit enwJ>!,w 

A similar procedure with GroU covpeas using o:n1.t q_uarter of a 

flat of the plants ehoved no infection of any of the planti inoculated. 

Black covpea1 

Approxlmatel:r one :rear after the infection teste on Chinete and 

Groit cowpea1 six 7oung Black eowpeats vere inoculated from lficotiana glut ino,a 
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containing the eowpee moaaic. A.fh:r ~ p ~dod of from three to foo.r ween 

two of th pl nts inoculated showed •J111Ptom~ con~i@ting onl7 of a Ter7 

mild T~in clear :!.ng on t wo or three of tbP. upper leaTe • !heee 8ymptoll8 

peretste for a period of fro t w-,:, to three weeks ~.nd then dhe.ppeared. 

Jollolrl.ng the dieappel!t.r-~nce of the -.ein el.earing «~ mptoma a moderate mottle 

vae produced on t1eTerBl of the leavee of the pl.ante infected. The mottle 

C(ll@i1ted of a rath~r blotchy' pattern containing a1ternate d&rk •nd light 

green areH but waa far fro111 being &fl mer~d ae thA mo11aic found on the 

origin l eowpe host. 

BlackeYe Coypeae 

Shortly after the middle of June of 1948 thirt7 plante of ~lack­

eye eovpeae in the field were inoculated with Juice from a diaeaeed !laek 

eovpea plut. By the first of Jul7 11ymptoms be,:an to appear in the form 

of Tein clearing on tw of the plants inoculated. A few de.ye later the 

vein cl earing symptome on one of the pl&nts had di6appes.red ~n a mild 

mote.le developed. wi th only alight leaf' d,istortfon or none. 

By the middle of Jul,- s total ot three planh of the JO originall7 

inoculated !bowed the mild m.o•aie e7mptom•• At thie time all other cow­

pes.a 1n the eaae .field plan.Ung, none of which had been inoculated, were 

checked for an,- virus a7mptome which might be present. Or these un1nocu-. 

lated plants. eight were found to haTe symptoms ~f apparently the all.lie 

type of mild aosaic as that found in the inoculated plant.. !his :f'ae\ 

strongly, mtgge8ted the poui'b1lit7 that the diae!.\sed cowpeae fo'U?ld t.n 

'both inocu..lat_ed and nninoculahd. plant·• 11ru due to a eoed-borne vi.rue 

present in the :eeed a.t the time of pla nting. !he :poseibility also e:dste 

that the mild J101•1c inoculated into the JO cowpeae was transmitted by inaecte 

to ao11e of the other plant• preaent. 
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JJo definite conclusione can be drawn &t this time from the e.bo-ye 

obserTatione as to llhether or not the eowpea mo~aic conddered in thie 

report va! tr~n,m1tted to B1ackeye cowpeae. 

Oe:paicg frute1cen1 L. 

!en Ruby King Pepper plM ta were inocula.ted with cowpea 110eaic 

a.nd o eerved o'fflr a period of f1Te weeks. !hese f iled to show e.n7 1.1,mptome 

of infection. 

Lzcopers1.con p1c;ulep,twa Mill. 

Approx.imatel7 50 tome.to ple.nh were inoculated "'1th covpea, moaa1c. 

After ob11ervat1on for a period of fiTe weeke tbe plants were symptemleu. 

Phum ·tf ti fl.It L. 

Inoculation of one half a flat of ordin!!lr7 garden peas ga:Te no 

symptome- on a?l7 of the plante4 

Pbaeeolue lunatus L. 

Io dleeaae s7J11Ptomt1 were obserTed upon inoculation of one half a 

flat of beans and subsequent obsorni.tion for a two mon ths period., 

~ J!?i!!. (1J·•) Piper 

One quarter of a flat of Ogden eo7bean1 was 1noeuated with cowpea 

-,eaic. !heae failed to show any infection after eeTeD we•ke. 

Oucumis satiyu,1 L. 

Infection te!tn '1th cueuMber faile1 to yi~ld ~ny ey.ni.ptom• of 

th dhe~e, 

Detura 1tr&m0nium L. 

Inoculation of one h lf & flat of Jimeon weed and oubee~uent 
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O'beervaUoa for a period of seven weeks ,howet the plants to be non ... 

suaoepU ble to eowpea mosaic .. 

Petgia .m;brida :L. 

$even petunta plant. were inocmlated with eowpea mosaic from 

fj.e,9:Uga .11,utig••• After ob11ervaUoa of the plants for a f•r ween 

periodo no e7mptoms .of the disease had developed., and the plants were 

d.l•earded. 

4 ~c,~i•e>n Clf t.he ho•t .. n~tt.onti of _tM.a cowpea mosaic with eu-. 

cwnM.r. llC>11aic alld.wit~ t~ eowpea ~saica f.ec,~a~e~. and studied by McLean 

{1941), b7 Harding (1941), and by tu (1946) ls shown ia the following 

tab.le. 



fable 1. RJ:A.O'l'IONS 07 OBTAIN VIRUSES AFFECTING COWPEAS 

Cucumber S117der'• 
In:tect1on on McLean•, Harding'• Newton•, tu•, Mo1aic Aeparagu1 

Oowpea Cowptta Cowpea Oowpea Oowpea Mott- :Besn 
.Monie Moeaic Moeaic Mo1aic ling Strain Mca aic 

Nicotiana tabaeum - Vein clearing, Very mild ring - Moea1c, d.iB- -then mild epot or none tortion 
mosaic 

! • glutino1a• - Ver7 eeTere Mosaic, 1light 
--

Moea1c, die- -distortion dhtortion tortion 

!o•to -- -- - + 

Potato -- - ... 

Petunia - Mild llOIBiC -- -- + 

Ji111on weed - - - .. I 
I\) 

Pepper Senre mo1aic + ?' -- - --
J:ggplant + 

Oowpea Mild moeaic Teey eeTere Moderate Mosaic Mo1aic 
Tar. mo•aic moeaic 

Grou · 
Chinese 
:Black Mild moeaic 
l3lackeye -- Mild mosaic 

Pea - - - -
Yield Pea -
5'teetpea 



Infection on 

:Sean 

Mungbean 

Soybe8.l! 

Lima bean 

Vicia 

Cucuniber 

Squash 

Cabbage 

Zinnia 

Ca.tjang 

Asparagus bean 

Table 1 Continu~d 

McLean's 
Oowpea 
tfoutc 

-
·+-

-""' 

-o;, 

+ 

Hard.in.g's Newton°e 
Cowpea Cow-pea 
Mo,,,...ic Mosaic 

.,.,.. 

Illa~ 

~ 

~~ 

-
-

Cueumbe:r Snyder's 
Yu'n Mosaic Asp~r~"'U.s 
Cowpea C.owpea Mctt- B(:;li'll 
,!.qs a.ie ling Str~in . ):1o~at...:c.....-____ _ 

+ 

-... 

-~ 

+ 

.. 
.. 
+ 

... 

Oceas.ional 
infection 

Seed tran1.1mission ? 1 + 'l + 

*No glutinoea is the best d.ifferentid host of these viruses. 

1''1ruees which cause only local lesions on oowpee.: tobacco :ringspot (large blotchy lesions); ord.ina.ry cucumber 

mosaic (small~ punctt,/;e le~ions). Alfalfa mr,se,ics tomato bushy stunt, peawilt ca.use!;) wilting disease <:£ cowpec,.o 

I 
N 
•,.J 
I 
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Comparison with Cucumber Mosaic 

As is indicted b7 its name, cucumber mosaic produces a definite aoeaic 

pattern on cucwnber. Inoeulatione of the cowpea mosaic studied produced no 

infection when inoculated into cucumber pl8.llte. Cucumber mosaic also infecte 

tomato, Jimsonweed, and bean, while the cowpea aoeaic intecte none of theH. 

Comparison with Rard.ing I a Covifta Mosaic 

In !urkhh tobacco h.rding•s cowpea mosaic produced nin clearing. 

followed by a mild or marked mosa.ic, The cowpea moeaic under condderation 

produced only a nry mild ringepot or none at e.11, accompanied b7 a green 

moeaic and only slight distortion of the lee.Tea or none. In llicoUana 

glutino1a Harding's cowpea moeaic produced Ter7 seTere diatortion of the 

l eave• while this cowpea ,mosaic produced a mosaic pattern with only occadonal 

alight dietortion or none~ 

Comparieon with McLean'• Cowpea Mosaic 

· Ae ahown by the t able. McLean 's ~owpea moaa1c produced only a mild 

eosaic in covpeae and no reaction in either Bicotiana t e.bllCUII or .51cotiana 

glutinoea. 

Compariaon \fi th Sn7der' a J.eparagua Bean Mosaic 

J.s indicated in the preceding table the aaparegua bean moea1c doe• not 

attack either lf~cotiana tabacu11 or I• glutino1a, while it has been ~hown that 

the cowpea moaatc reported here originally attacked both of the11e boats. !he 

difference in th,e reactione of the two t7PH of to'ba.ceo to these two Tiruae• 

eerv.es to differentiate them from one another. !he poedbi11t7 doea eziat, 

hoveflr, that thie cowpea T1rue 1'(187' be related to the aepar~a bean viru1 a, 

well •• to other cowpea 'f'iruees, fo r all of them produce moaaic a7JllJ)tOJ&a on the 

cowpea which eeem to T&ry chiefl7 in intensity of e%preseion. 
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Comparison with Yu 1e Covpea Mo1aio 

As indicated earli~r, the covpea mosaic ~tudied by Tu attacked the 1111& 

bean. fhh was not th& case with the eovpea moeaie con-,idered 1n this report. 

1urthermore, while thh cowpea mo•a1e was found capable of infecting farkiah 

tobacco originally, Yu'• cowpea moaaic did not attack thb hoat. 

The symptoms of Yu's vir111 on cov,peae were al10 qui te different f rom the 

sympt oms found ill the caee of the cowpea mo9aie reported here. Apparently 

the only- aim1laritie·1 are found in the fact that both produce Tein eleari!l& 

in t he eArl7 etagee and both are moeaice. Be7ond this, howeTe'.J", not onl7 

does Tu I e mosaic produce qui te d.i fferent sympt oms in m ny wqe, but the eymp­

toma are much more marked in their effecta, 

Comparison with Tobacco Ringepot 

Ae alread7 stated tobacco ring1pot eau•e• the formation of ringe _and linee 

which 1pTead out in 1igsa« manner in Iieotiana tabacum. !'hie 1a in contrast 

to the Ter7 mild ringspot or none at all produced by the covpea Tirue in the 

s&111e host. It hat! begn further ehown that ordinary tobacco ringepot producee 

typical red lesion, on the leavee of covpea while the cowpea Tirue produced 

a moderate moaa1e in cowpeae originall7. 

Oonclueion1. 

lrom the abo._ reactione I am led to belie•• that the Tirue studied is 

an undeBcribed •ir11s of the covpea, but pouibl7 relat.ed to t hoe e a l r ead7 

de•cribed. !here ie a poseib1lit7, howeTer, that it ma7 be a Tery mild 

etrain of tobacco ringspot incapable of produc1nc red leeione on the cowpea. 

but producing inetead a moderate mosaic in solll9 inetancee. !here 11 also 

erldence which would lead to the coneludon that attenuation of the Tirua 

ha• taken place d.urin« the period of & 7ear and one-half' in which i t hae 



been in culture.. lfhe origin"ll symptoms of the virus in the eoW!)ea fm which 

1 t was isolated consisted of a mo.dere.te mosaic., lnooule.tions were 11ade from· 

the orig1ruu plant into lf~egtiana tabaeum where a. mild r:lngspot was p?'oduced 

together with a. light green mottle:. The virus was cultured 1n·thb host for 

· e period of appro:dmately- su mon.ths before being iuoeulated baek into cow-. 

peae. Inoculations into both Groit and Chinese eowp•aa did not produce any 

symptoms of the dieeue. As the var.tety of the original cowpea plant conta.ia-

1ng the virus ie 'Qllknown.. either varietal resistance or possible attenua:Uon 

of the virus caused. by passage through a ho.•t other than the origin.el one ia 

indicated. Other evidence to support this latter suppod tion ie the fact 

that original inoculations into 1'1cot1ana. ,:lut1noaa .Produced crinkling and 

eu~llng ef the leaves followed by a mosaic pattern.. IuocUla.tion:a after a 

period of from four to s1x months into th!! ·aame ho•t produced only the moeaie 

with nona .of the symptoms of crinkling or curling. thua indieatilli!; a possible 

mo.dification i1'l the nature of the o:r1~1nal · virus,. St.ill further evfdence of 

possible a.tten11a'Uon of th~ virus ls seen 1n th.e fact. tbat inoeula.tiane of 

th~ ci;,wpea virua which ha.ct been maintained in lUeotiana: gluttn.osa for a year'• 

ts.me f'.iii11ed to produce any symptoms in liico-tiana. taba.cum~ ~hie latter reac­

tion may be due to the :fact tha.t the inoeulathns were made in. late M~Y' when 

tiempel"atl)l'ee in. the greenhouse were comp~at:i.vely higho 

JPhe:re ~re a ~mber ot examples found in the 11 terat~re showin,.; that the 

i,r~perties of the virus o~·a given plant may be deftnU,ly CMnged b7 its. 

trall.Gfe:r ti!) Other Jlost species.. t§a.l.ker (1926) reported tb.1~ type of phellOllltU'tOl'l 

seemed .to tndicat.e that the properties of the vtns were determined bf the 

e.haracte:r of the ju.ieel'I! of the .host plant in which the cli~~ae we.s fQUn.do 

Carsnar and Laeln,17 (1928) p.a..sse.d. curly-top cf guga,r be~ts through reeistant. 

vatieti.efJ of beete and· :found that atte~tio:n had taken place. 



Attenuatiol!l ea;11 &lf!:0 be c~utied. 1:iy high temperatures a@ shown by Holmes 

(1934) in his W1>rk with tobl!'u?c.o mosaic and by other worker, as r,1ell" Righ 

temperature-s ffl!1Y have been a definite factor in atten:uation of the .cowpea 

mosaic uder eoi:isitler:at1on, as this virus went through an enti:re S:t.tmm.er il'l 

the greenhouse w-here tempera.tu.res at times were ae high e.11 11ot:1 1 or even 

higher"' 

A strain of cowpea mosaic was found in Experiment Station plantings 

at Stillwater, Oklahoma in 19460 

fhe vin1s tr&~ found to be sap.-,tr.!9:nemhsfble to N'ieotianB gluUpo-sa Loe 

~U.eqtla.~ te.baeu.m L., and to Black Cowpeas.. I.nfection ~as not demouia:•a,ted 

in Chinese OJ!' Groi t oowpease tomato, peas, bero1ae Ogden soybeans. ettcumber, 

or JimtQn weed., 

Comparison .of thiee viru1,I tdth eucumbei" mos~.ic virus l\,nd the li!Owpe~, 

mosaic viruses of McLemill B'.a:r<lil'l..go and Yu ae well as with Snyder 9 $ as:psra;gua 

bean mo~e.ic viruth ~bowed it to be distinct from theseii but pos dbly r~l~t~d 

to them., Compe,rison with tobaceo rin,,1s:pot indice,ted the possibility that the 

virus might be a mild strain of toba.coo ringspote al thm1.gh cliffering from 

tobaceo ringspot in its inability to prod11ce the charBeteristio red les_ione 

on cowpeaao 

Reactio:nti over varying periods of time on Nieotiana '&&be.cume Wiciotiana 

glut1.no•ut11 and cowpeas ind,ice,te either va.ri.eif"ll resiete.nce ot' attenuation 

of the virus in the ca.ee of cowpeu a:nd attenuation in the ttro speei.e:0 C}f 

tobacco tttied .. 
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~ECDOB MICB.OSCOP'.1 SNDIJS OF PLAN! VIRUSJS 

Ia the Spring of 1947 a grant was made to the Reeearch Foundt!,tion ot 

Oklahoma Ao an.d M. Coll:ege by the United Ste.tee P.J.bl:tc liie~th Service for the 

purpose or conducting basic research on plaat v1ru.eea with the electron. 

microee.opeo It was felt that such: stu4iea of plant Tiruses wc0uld. a.id in an 

understanding of the na.ture of animal and ·h'llma:n vi.rue••• a11d,. as plants are 

easier to work with in stuqing virus diseases, it was also felt that a fur-

'\her understanding ef the general nature of viruaec might be ca.ined more 

tobacco mo1taic v1.rue wh:lch wae the firat virus to be w,eighe4, measured. ccnmted, 

(- Cl'l'lltallised. 

\ Since the de,relopment .. of the electron microscope further investigation.a 

of viruses have been made ;poSBible. Here again. the preponderance of the re­

tearch has been with tobacoo mosaic which apparently lendt itself very readilf 

to all tn,ee of investigation. .At p:re.aent not l!IOr~ than a dozen different 

plant viro.aes have been investigated with the electron microscope,. and 7et 

se'Yeral entirely distinct types of vtrue Jll&rphology have been detectedo It 

appeare. thereforeo that further electron microeeope research on virueee in 

general should aid. in extending our lmowledge of theee entitieso 

!he pri1111!L?'T object of the following electron microe-cop:e studies was to 

imresttgate va.rioue plant viruses with the purpose in mind of determining 

tb.e1r morphological cbaraeterieiie1--primari1Y size and 11hape.. Stud1ee of 

morplaoloa and etructuree partieula..rly over a wide range of different rtruaeth 
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should aid considerably in establishing a natural classif1cat1on of viruses 

and perhaps ~how a correlation. between physical -structure and the type of 

symptoms produced. on the plant hast. Electron. m:l.erosce>pe studies to date 

haft led ~ a conf1rmatfo.n. e>f dza, shape, and molecular ·weight. .of virueea 

as dete?"mined by Gther meane. Studies on the Mrphology of tobacco. moea.ic 

haTe confirmed the findings of Lau:ffer {1942) and other workers regarding 

the particle :l!lile of the Ti.rug. 

In general 1 t ffl!\Y k ea.id that the use of the electron microaco,pe 

ill con.Junctton rith physie~l and. chemic~l studies of viruse'! ffl!!i;Y' offer a 

meanfl ef tletermbing the effects of either chemical or :pby'sica.l experimen­

tation with the v1:rutto 

tf:l.th all thes~ possibilities in mind and the intent of pur1Ju1ng the 

problem aa fe.r aa time would permite research with the electron microec.ope 

was begun 1D September of 1947. 

H11top. 

'fhe deTelopmeat of the electron mic:roaeope iR th.e result of the obser­

iratioas of m1:rnero.us wrkers. It has been known ever since the prln.eiplea 

of light mteroacopy were develop.id that short waTe emena:tions could be sub­

atituted for ord1n.a.ey light and much greater magnifications obtained. la 

general it W&e found that the 1.,. governing ordinary light optica were 

11.pplicJ.fl>le to electron optics. Deep..eea.ted qus.11 tat:lve differences, aoweve~ 

characterize the 'behavior of electrons as contrasted with the behavior of 

light. ( Zvor71ttn .d. ~. 1945) 
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A number of discoveries and observations, however, were necessary 'be­

fore the invention of the electron microscope was poa111ble. 

llleetr~as were discovered. in 1897 b7 J. J. fhompson.. fhee.e newl7 found 

particles were at first treated u being subject to the laws -of Newtonf.aa 

mechanic~ .. A tre~\ment_ of this t71>e, howe•er, did not explain the behs.vior 

of electrons 1n atom~ which 1s nm,ri:1fe•ted in atomic line 9peotra. 'fhi« 

difficulty was overcome 07 the deyelop~nt of q_ugtum meehe.nice uaiag Eia. 

l\tetn•e special _theory of rele.t2:dty and Plenck1e tiuen.tum relation (Zworykin 

ti Al•, 1911-5). ~e charaeteri.eUca ~f wave motion associated with JlOV1JW 

electrons we.11 .demonstrated by- de Bl'.'ogli.e (1924). He showed in his work with 

the bTdrogen atom that electrons ha•e a definite wa"le length nd by so doing 

laid the groundwork tor the development of the electron microscope ... 

Another important step in the deTelopment ot the electron microscope was 

the diseoYe-ry by h.ach (1926) that calculations in terms of light optics 

· can be applied to the beha;vior of an electron bea.m in an eleetricnl field • 

. By this time mu.eh of the necessary theory had been developed e.nd Pl'&C­

tfeal applica.tions began to follow. Abo,:,.t 19Jl 8-nd 19,2 workers in both the 

Vatted •t•"te1 and GerUD7 demonstrated eleetron: ta.gee independentlJ of one 

another. and soon after thi·e. Marton (1934) reported t.he first appU.ca.Uon 

of the electron aicroseope to biological obJeets. following thege initial 

steps. de-vel,pment of the inetrument vas quite rapid, although it wa11 several 

7eua before ver7 pra,cUeal instruments 'Were 'bu1l to 11111er 8Jld Prebus in 

19)9 built the well-kmwn !'oronto. model, tb,e design of which wae ueed by the 

Radio Corpora.ti.on of Amertce, in ~anuf'ae-turing the model produced by them 

(Eisenitark, 1q48). 



. fodq R.C.A. and other eompan1e.s are prod'lletng a .. d ma.rte Ung various 

type and a. console type 1n1ltru.ment" fhe form:er is operat,,i! ~t 60 kilo­

volt• while.the latter operates at JO ldlovolts. 

»1Bc l';r;iJtci~e1 mf El,,ect .. i,,n . 2.J!ti~,· 

,,&.9 tliatingai~hed i'iom the light !ll1crottcope., the electron micn:,.scope 

pa.as in the ~lectron microscope mn.st be evac--,urted to a co~pua.·Uvely hif".h 

degree, which is UDecaase.ry in the light mieroscope.. A comparison of the 

Vacuum 19 nece1uu1a7 in the electrc:>n microscope in order to increase 

the mean free path of the electrr.ons. As sltMirn by Sworykln Al,. Al•• (194.S) 

the mean free path o! '&a electron at a. pre•eure of 103 mm Bg is about 10-405 cm 

while at a pressure of l.o ... 6 mm Be· the mean free path becomes 105 om. Creation 

In ~pee1:men-riew1ng the imap u seen in the e1eetron m:icroseope 1• 

created by the scattering of electr.ias while in the eei~e of tha light rnicro­

·seope,· T!~ion depe~dp on the etba<trptiOD. ··a.nd reflection of light from the 

obJeet under constderatit>n. 

fromwhieh the electrons are emitt~d~ and sevf!ral magnetic coils through 

whieh the ~l•ctrona pa.as and ar& f'il"'st coneentrated. to produce a strong 

bombardment of the apeoimen and then. flfanned out•· by suceeesive coils to 



enlarge the !mega of the $pacimen.. !he image is proJ$cted. on a fluorea­

c~nt acreen &.nd. either viewed tndireet11 ill the ca.tut· of the ll.C.A .. •utt 
type or directl.;r ta tbe case of the R.O.A. eonsole moclel •. The 'filament 

as well as the m9gnetie C(')ils &ft all tne'!t!~d :f,n 3 "nlC'.l'WI ehambel" whieh 

19 effleuat~d 1)7 means -of a oil d:1f'fu-si-,,a pn:mp eontllli:ru,d. in the 1netl"Wllll1t't. 

~hb eq,u1;pment, together wUh the eleetrice.l meelumiam~ neee-.ea.17 to at.e;p 

up the voltage., «>n•tttutes the in.st~e:nto lllectrou al'I!- einltted from 

. the f1l&m.ent dua:<to the bif,h voltage ·which te: inuuced. 

Vs11 i;,nd ~1111!lati1n1~,of th~ Elec\ry M1cro119;ra. 

As i!I- th:e ease with many netv mechanical inventions, the7 are at fint; 

conddered 'wonde-i• maehineatt and their powers and applie-!!rtionc are generally 

oTer-etnphaaised. Jfo doubt the electron_ mtcro9eope is i:n fflaD7 w~ys a •11tHlder 

machine•, but it b far f:r-om being the _af)lution to all phrdeal, chemic.al, 

and btol,g!eal probleu. tt should.be regarded a11 a very usefttl tool t'a 

connecti~!t wlth ~ther tools and procesaee. of modern eeience. . ft:> no extent 

should it be regarded as :lffl'ilrtng the light microscope ob1-0lete, but. •• a 

me!'lll.S o-f exa~inlag objaott; too r,me.ll to be see:t'L wt th, the light m1cr~ceope. 

and G.-ftentimes to 'ba used in conJunetion ~d.th the latter. 

!he p-rtmar1 advantage of the electron microseope lies in the fact that 

objects hereJ.ofo:re t.G1) 1'Wl. to be seen vi th the l 1ght mioroscope ma:, now 

be Viewed. and st'u.dietl with it. Coupled with. thb adTa!ltage are th& adTS.n­

tages of depth of fow• and sharpnesig Qf image (Eise-nstark, 1948)0 fh:e 

eatrame magnifioation of the tn.9tru.••t lule mad$ possible the o'tHttervatioa 

of the fine details of phys1,cal aurfacea such. M YMJ!talse Ceyfltru.11 •. teeth. 

and numerous other types of surfaces as well as viruses, bactertop~ge. 

pro,tein molecul~s, and m:.wr other struetureso 



~ electron mtert>11cope has the l tmite.Uon and disa4:mnt.age th~t colors 

eaa not be distinguished. All i~a" appear either dark or light. the shade• 

ot d.Arlmegs or lightness depending on the dend t7 and thickness t>-f the ma-

terial a~ well as Gn the st.rength of thee ele:et-ron beam, Another d.1:aadvaa-

tage of the in,&trwnent lies ln _the fact- that mg7 tn,es of material• met 

be prepared ver, carefully before they ca.u be viewed su.eceeefully. fhi• 1a 

-- particularly true in the etu.d7 of rt:t'U8e• an-.t' bacteriophage whe,re hour• are 

often censumed in preparing the aterhl.. Thie tHff'1cult;y· 1~ partifllly due 

to- the 1nab1li ty Of the ,ele-etron nd,Cl'QSCGpt\l to record color~ .Which !light 

as11ist 1m. diff-ere-nt1a.t1.ng these $:fflell EtJltitbs t'Mm foreign or ,co:nt&m1nating 

mateda.l pruent. 

With the light mieroaeope it is generally possible to tJtud:y live ma­

'\ertal while one of the limitations <.tf the el•ctron m1crncope ts the fa.et 

that on.17 dead material may be o'beerve-d. !hh. of eoureth is a dietinct 

disadvantage in t~t conclusion, btuied. on the appearance of dead material 

·mar, not be applicable to living material and that livin,; pt'ocesees ~h 

· _ as· motion e.dtaot be 3'1a1died. All livir.g ,;1pecime.ns t;.o b~ viewed. ~1th the 

· electron m:teroseope are k1lle1:!. b. the batrrment by des,iccation, du.a to the 

high ~Ul.Uft UeCG:flS!ll"Y• !he pCH!Sl»ility Of an, living rna.tei'ia.l Sll'!'Viidng 

-by ;.tJte . .i.e!"f::!"ons the:msel ves .. 
·t: . ~ ':: 

· _ fhese are the £>e•ral die.advant~s in the U$G of the electron mt­

cre,e~e. Other dtaad-vutf.iPs exiat depending on the field of ,:oe•earch 

. . . 

c:ilHn,:ryg:tton. that in some fields of retteareh this constitutes a ma.1o·r 

p'.!"Qbl.ft. At present a high. speed microtome ta in tbe process of de.fll-



Electron 

nuide b7 Yyckoff (1947) whic~ shotv the extrems eoneentra.tion poodble in the 

ease of tobacco mosaic .. Oster and Stanley (1946) studied, 'b7 mean.$ of the 

electro£: microscope, tc>baeeo mosaic ttaken f'rom the hair cells of diseas.ed to-

'baceo plants and. concluded from their fin.dings roid those of oth~r workere 

tha.t jipa:rtieles 15 'by 280mµ.1n sitte, represent tob,9,eeo mosaic virus. 11 

Sigurgeir1uion a..nd Stanley {19!J7J earriedcr.tt furthe:r exparimen:t3 on the dze 
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two strains of potato x ... .,.irue have been examined and feund to \e 1n.­

clisttngu.1shable aorphologieally (Takahashi and ltawltns. 1946). these same 

authors ms.a -studies of squash mosaic virus (1947a) and een.elud:ed that the 

vtr1u1 had a particle aiz$ of .)Omµ. !'akahashi (1948) made further e:ramt .. 

nations of squash moeaie which he had cryetallisedo Electron mierogr&pha 

of tuo eth~r pleat viruses, southern bemi mosaic and tomato bu.thy stw,.t, 

shoved that they ll'e:re :spherie~.l bodies of e,ppro:dmat&ly the SAM eise (Price, 

Williams and !'Syckoff, 1946). Cucumber mosaic viru.a~e 3 aJui 4, as well aa 

tobacco :neeTosb v1.rutJ were studied by St~nl~y and. Andere1.'H'i (1941) o 

'fhe vmrious virt.tse~ ml"!ntiGn.ed a'bove eon~titute practie~ly' all the 

plant virus-es which h&ve b~Pll 0tudied with the electron mier.oa.eopeo In 

addition to these11 one plan.t "lriru.R wh1ch i~ transmitted. b:;r insects bae 

re.cen\17 been :$tudied with the Glect.ron microscope. this is the yellt'2t1-

dwa.rf virus of po,tatoes (Bla,ek, ~osleN", an(l Wy-ekoff, 1948). 'lo the bettt 

of '!n'lf knowle~ this is the only caee in which a 'fins requiring inflect 

vector• fo:1:• 1 t~ tN1D:E1!"ffliss1on h8e been viewed and photogl"~.phed with the 

electron mi4roseope. 

'.fh.ose acquainted with th-a multitude of different Vir.'l.1se~ whieh attack 

plants will see from the abo,eye ~ccount that only- a. eomparatiql7 small 

prop<>rttou of plant viru.t!HH1 hnve beel'l studied 1..r1 th thf'.' electron 11icroacope. 

It mi!IY be said, therefore., thlll.t this phas-e of research with all its mimer .. 

oue re.miftcattont' has barely begun.. A ~ilar cond1 tion exists in both the 

fields of animal and human virut disease~ ~d tnve:etig~tions 1.n. al17 of 

these fields o,f virus research m~ V:-Jry pro.'b-..'!ll;y nid re-search in the other 

elosel;y r.elated fields. 
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MA.tffltWS AND nmgps 

'?he electron microscope 1a of eomp'-!rs.tivel;r recel'lt dtITelopment, and 

for thia reuoa. technique, of prep9ration 0cf' material for examination, 

photograph!~ of the materta.1, ud the va,r1ous tn,ee of qo,.antltaUTe aa 

well u q_ual1tat1ve studies are u 7et. in the pioneer stage, although 

present thenuselvea to -the begitmer in the atudy ot •trus•• with the e-lectro-n 

mierffeope. these a.re: (1) Becoming aegui.nMcd wUh the electron micro-

scope to P.Uch an e,:tent thnt the be£t resu.lh e~n be obtr.;in.ed with it: 

{2) mastery e..-rul develo~ment of the teehniq11e of prepuatioi'l.. b'f the material 

fer ~xuiaation including beth the techni(!ue of-mounting the lila.terial for 

obeeru.tion fl.rid also that of Jm.r1Eieat1on of the mater1.•ial so tha:t when 

ffl01lnted. it 1;<rill be e,s free a.s pontble of foreign u.lerial;_ {3) 1n.terpre-

t.ation ~d id.er.rtifte~tion of the material vieii,.ted. wi ~h the eleetrcn miero­

ecope; and (4) photography of the vill'Uses to giv~ the 'best definition 2nd 

All ~tu.die.g. were made with a type EMC-2 electro• miemecope" With an 

ine'bume:n.t of thit type it is: pt'H!dble to $Dlarge the m~\er:lio1.l viewed 2000 

or 5000 die.met~r• dit'~.otl;r, with f'J1rther u~eful pb.1.>t?graphi.c enlargement to 

30,000 d.ia•ters. I:n ~.11 thete studies the 5000 db:meter. m~t{ieatien 

ltts u.eed exolusiv•l7. !h~ imagi, of the o"hjeet ·l)e'l~ atnd.ied can be viewed 

dJrectly on. a tluorescent screen with. this 1n$t;ru.ment. the sereen laol!iing 

the m.ale:r1al to be du.iieci 1~ ltombar-ded wtth el•ctr,ns frflm a biased electron 

gmi. !he alectl'OM trffel at e.b01;1.i i:,,~-e-thiri the i!l)eed o:f' light. Jlectrone 

a." ,ab110:rbed by sol1d. m~terbl.ls in the field of the electron gun leaving thQ 

eleotroas wh1ch are not blocked. b-7 the&e o'bjeet~ to pae~ on into a magnetic 

field where the7 a.re •tanned out" and arrive on the Tiewtng screen. !he 
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dark area sffn on. the· viewing screen then represent the images of the 

palt'ticlea which blocked the pusage of the !!ilectrone. 

A l!Ulllb!?r of v1rattee ~l!re obtdned f01? exs..11in.ation. i'hese were kept 

in etlltu.re in growing plants in the greenhouee. Prior to the bt1tiat1on 

of the actual electron microscope work. a. rather la.rp collections of 

nnse.B waa built up ao that ~,ork could proceed without interruption 

due lo~ lack of me~erialao !'his collection was added to from time to 

time a, dU'f erent 'lfiru.ses were obtained. and at present, .. tncl.udes the 

following·: 

1. .Alfalfa Mosaic Ji:rne 

2.. »~lay Mosaic Viru.11 

). Bean r&osafo Virus 

4. Cabbage A Virus 

5. Oabbek;& B Vim~ 

6. Cowpea Mo$aie Viru• 

7. Cucumber Mo-eaic Vi:Mlii 

8. Cucumber Moaa.ic Virus (bin.d.weaii strain} 

9., · Geranitun r,10:s~ic Vi:rue 

10.. ru.wee.stn.._rrt tiosatc V'i:ru.~ 

11. Potl/ito Ledroll Virr.1e 

12. Pota,to. zlpindla i 1uber V.trus 

l). lob.to Vi:rus A 

l.4 •. Po,tato X-Vtrua 

lSo Sesb~nia Mo•~ic .liru• 

160 SeTere lltch Viro.• 

170 Sqwa.ah Moaaic Viru• 

l.S. 'foba.ceo rtosaie Virus 
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190 !obaeco Ri~epot Virus 

20. Violet Moeaic V1ru,s 

21. Watermelon Mosaic 1'1rue 

22. Wheat Mosalc Virus 

!he eolleet1on appe11re to be the lsrgee:t in. the United States apart from 

collections in. Nieeonsin, ~atuekJ, and &n the :last and West coaet11 .. 

bl1f1cttion ~nd Prepara\t,2,n of 'f'irgs Material. 

!he pt"oeess of purtf1cat1on of the vi.ruse~ ":o be examined cons1'eted 

of extracting the juice ei th.er by :preedng or grindtng of the leave, of 

the diseased. pl!l.nt and subsequent eentrif'ugation and filtration.. int1ties 

as emell ~s viruses must be in ~, rel~ti vely pure condition betor,g satis­

factory e,ram1nation H'ith the e-lectroa mieroseo:pe i~ :possibleo Oompara­

Uvely ~mall t'll'!l~unts of' pliant material which oem.1'T.' ~-rh(l)n plant .juices. are 

press~« out. and large e,mount,$ t1M <'h oeeur when the plent mtll.terial ie 

gr,.,und. to e,:pre.s~ the juice. mast be removed before gooo. results, or 

even ~ UMt'ttl ree:ul ts, Cfm. be obt:~i.ned. 

In gene~l cl.t~('?..~et'. 1e.ave, eonta,in1ng the virae to "l:ii& s tnfilll'fl were 

h&rTeded and eith'!lr fro~en ove:en:i.Ght.. n,s in the ea.si, of tob~co moa.aics, 

or used (Ure-ctl,- ti,i thout freazine. 1Teedng- of :p1a.'l'!.t material makes ex­

tre.eUr,n of the ju.ieep mueh easier a:nd. gives n. gre~ter yield of juice., 

f)ie jtlieetJ were t:1x~racted -with a morta.r e,nd pestle, e.n attempt usuall)" 

lia•ing been made t.o pr~es the juice out with the pestle r:ather than grind­

ing up the leav«uh f:b.ie procedure yielded a fairly clear Jui~~. ·!be 

tn juice was then part1all7 cleared. 1:n en ordinar7 eentrituge·o.t from 

).000-4000 r.p.110 for a period of from 20 te JO .mintes. !hie threw down 

the coarser amt heavier material and generally left a turbio. looldng solution. 
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~e Ju.lea was t.hen passed through e. ~inter@d gl~~s filter covered with a 

layer of Celite S35 about 2-) m..111. thick. .lt t:tm~ add1 Uon:a.l Celite waa 

added to the juice p:ricn• to :f'iltr~tion through Celite. !he Ju1ee wa-s :fll~ 

tered uader sueti~n pr~swre udng either a water tap or a sm1!1.'.U evacuat­

i~ pwnpo 11ltrat1on throt'lgh Celite i.9 a motUfieation r:,f the tecbntq_ue 

used. by :'r~kg,.'la,.gh1 Md Rawlins (1946) in examining :potato X-vil'Uth P89sa,ge 

through this type t?f a :filter yielded an opalescent f:Uti-ate cha:ra.ct:~ristic 

of pure virus !;\ll~.@'~n.$,.ons. due to the.i~ colloidal :properties. 1'S.!lg1ng in 

color from. ·~n.·ownish.-y...,ll.ow to, ~ light €T4'.!enhb.-yellow.. Thi~ proee1H£ mif­

fieiently removed th;!' phmt m,9:t"lri~l so that the viM:ui could. be viewed 1n 

th,, electron mi~~oscope. Some ~f the -prepared juice was then diluted with 

distilled w~te1" at dilution8 r~:nging generally from 1-10 t~ 1-20 and waa 

then ready to mount for obllJe:-v~tion., Dilution was used with a d.Ual purpose 

. 1:n aind: d.UuUon. of th.$ rem~ini:og c~lloidal plant -.ter:tu a.nd dilutic,;n 

of the virus 1tsalf. U':nless diluted 1.n th:b manner. ma.ny Y'irttt,e1J hq1re such 

& h_igh e.l',neentra.tion that obee~tion .of the ~eparate vt:rus ptt.rtieles 1a 

practic~lly itnpossibl~o 

An:y filtration method,; that a:re ad.equate for the se:par~:Uon of the 

virtt~ frc0m th.e plant mte:rial have a doe1ded df.sadvanta.ge., 'While U hat 

'be~n .ihown ~rous times th~.t thE'.1 viru~ pa.t'l~en through certain fil ter1 

en!i b theTefore parUrally purified. b;r the remo-m1 of Jm1cb. of the la.-rger 

piu-te of' tbe colloidal material o:rig!1l!l.ll;y prese:1t, ne~rt:tv~lese it i,s 

also '1. lm.otm fmct that ~hea& plant produete t.rhich sr~ filtered out Bt1l7 in 

theaselve1 act as '¥er:, fine filters and mzy rstatn the "trtrue b7 mechanical 

_.•ans and by •leetrical charge phenomen;,.. ,Mci:inne;r (1927) hush.own thai,t 

!n. the fi,.ltrat1on of the extract of plant leaves the filtr~te become• 

decidedly clearer as the f1ltrat1ol! p:roceH :firoeeeil.sa . In Of'der tt> teat this 
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of the Jnfoe out even 

M, i ~ 11 1 i l hi l\1e:, pr mitr;r st.ep, .i.n a · e eetron. m croscope p 8.nt viru~ reeearc s to 
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fil tra:Uon hse been found. n.eceSBar7 and tar superior. 

l>&'t'tieularly in the earli.e.r preparation of Tariotts vi.ruse~ by f'1lt;ra­

t-1on 11$thods tor electron microseope t)bservat1oa, contaminllll.tion with .eolloid­

al plet material proved the limiting r,,ctor. This was due to tl:m fact that, 

not only dld the eonta.mination of the~e plsnt. mate:r.1:ale rnak$ obsez·•~tton 

and iden.tif:tcation Q:f t~ viru.~ il?td8r con~tder~.:U.on pr111cUce,ll.7 1mpeHibl$. 

bu.t also these C<"-Uttamtnatir.g plant. p&.rtielet often bece..me large ·enough to 

abi;orb io na 1n e..n emouat which -was suff1c1en.t to relA~f!,e haa,t to the extent 

that the t'!Uppoi~ting membranas ~.rere $hattered. and broke.n. 

ln an a.tt(!'ttpt to :r.eduee the ari.m•.:runt af plca,,.t ·m~t:lirif;l.l pre,;ent to a 

mi,:t'lili.it\~o ~B·ver~.l p!'OC{hfares were u~ad., 

Following filtration throu«h sintsr.ed. glas• filters eove.rei with~ 

11\W'~?' of' Oel1te S3S, the juice eont.aini.ng the virug was passed throngh a 

Seitz :filter. In several coses this guve M :,..lmost colorless. ,sol'ation 

showing that 1JJU.ch of t.h~ ph.ut ma.t.ertal had 'been removed. B:;ota.mins.tion 

with th~ eleet:ron microscope r'>:f mou!lts pn.:p~rNl in thh manner gave. veey 

clear field~, b1.1't ottl.t in the c.11.se of tobaeco fflOfl/;'.ie wa~ it possible to 

lnm~.t.e vt'F"s · p~Rrticles, and even in t.hie c~.s0 the .s:mount of v1 rus f crund was 

,r.,cy 0m!!,!,ll. f-hi:s tech:nia_u0 th~re:foro b:a:d to be abandonet, e;~ i.t a.ppare:ntlT . 

filtered out the mnjor portion of th~ virue:e~ as well tMl the plant materia.l. 

Attempts were also made to "cleu up• the virus stu.rpendo.ns by means 

or eil!tered glaH filters layered with Celite and pheed o,ne e'boTe the othero 

th& disease~ Julee w&~ then pa.seed tnt& the upper filt~r under $1lCU.011 

preseure f'rom a small eYBeuating pnmp" J'1>orn th~ ll:.."'P9r fu.>:m.11!1 the .1,11.ee 

dripped into the .lower :f'onnel and the :proe&$8 we.s repe~tsd... Suetfon WS.!il. 

maintained from one filter to the other~ a tight rubber Jacket which pre-
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Tented the outside air from rushing in at the poinh of contact of the 

two funnels. Thia method of pur1f1eat1on, while aiding matertall7 in re­

moving plant materials, appeared to haYe the eame drawbacks a9 the Setts 

filtration procedure. Filtration of this type was not investigated ex­

tensively. ed was. complete'.q abandoned following the pn-ehase of an ultra­

centrifuge for viraa and other types of re,eareh by the Resea?ch 7oundat1on 

of Oklahoma .Acrtcultural and Mechanical College .. 

Chemical preeipitation 1n com'biaatin!l. with filtraUoa methods was 

also attempted, lsrgel7 with tobacco mosaic virus, in order to purity: the 

material. ·fbe method consisted in adJusUllg tJ:te pH of the viru@ suspension 

and salting out: the virus protein. us~ the methods of Stanley (1935) .. 

!his method "1aS also a'btuidoned at an earl7 et!tge in favor of ultraeentrif­

ugal me tho de of purification. 

g11rac1nir1~101 

DeTelopment of the Ultracentrifuge. 

fb.e ultracentrifuge o:ffera an ideal means for the purification. 

and concentration of virus~l!l and eH.mt.nates tb.e difficulties encounhred 

when filtration methods are uaed11 !he highly purified produce obtained 

ts ad:r.drabl7 suited f(}r examination with the electron mieroeeopeD 

SYedberc s1 ,el. ( 1924, 1926) is responsible for the development of 

the ultracentrifuge with which he produced foreee greater than 500,000 

times the f'orc.e ot gravity., As d.esigned. by him. the 11.ltrace:ntrU'uge waa 

used for two typee of work: (1) the determination: of molecular weight of 

colloidal materials through study of sedimentation equilibria, an.d (2) the 

separation of different types of colloidal material, mad• poadble b7 

differences ia their sedimentation ra\es (Alexander, 1926). 



Colloidal parUelea. includ.ing viruses, do not settle out of sttspension 

when acted u.po:n by the gravitational. force ·of the earth or even the cen.tr1f'li 

r;al. force of the lo1tt spe-ed. centrifuge. It) ·order to bring about the eedimen­

taUon of .colloldttl particles it is neceese.ry to subject tru,m to eentrif\\gal 

forces man,, .times; :etrongeP tlmn the force of gr:11'1 ty~ ·With -the ultrueatri­

fu.ge ver7.powerM eent:rifugel fields can .be developed. &nd. Svedberg ·(1938) 

Modifications of the quantit&tive type Qf ultracentrifuge of Siredberg 

ha.-e 'been dtt't'eloped. which are com.Para.UYely aimpie in ce>nstruetion and de-

dgn. 4 een1;rifuge of thi• typeha.ei been developed by lleam-1 which U1:Jea 

air under presaux-e, to dri:ve a rots.ting head.o fhe rotating head rides- upon 

the cuabioa of air which is also used to p!"opel it. The ordinary :friction 

of moving parts ts thuti eliminated, the only fricti.on :lnvolYed being that 

created b7 the ah· in dr:t.-ing the head. Vltracentrifuges of this type have 

the advantage of simplici t7 of construction; and eliminato the nece11dt7 .o.f 

replacing worn out parle.. Boles are bored in the head of the centrifuge, 

gneral.17 a:t an lt.ngle, .a.nd tubes containing th~ material to be centrifuged. 

a.re inserted in the holes. the · principle of the anglehead centrifuge is 
> 

well known mid :need not be diseueeed he:reo It m~y 'be $tatedbriefl7 that 

the velocity necessary to settle material tn the angle head eentrifup is 

mu.eh leee than that requi.red for the ea.me ll8lerial in centritoges with tubes 

1.n the horuontal plane. A eentrituge of the tfi)e del!lc:ri'bed e,bove wu ob­

ta.ine.ci by the .leeeareh Jtoundt1tion of Oklahoma A. a.nd f.l. College for tu 

purification of vi:uee and other biolcgicel work.. '!he rotating head 'VU 

constructed of aluminum and contained four holee be!"ed att right im.g.le$ · to 

one another • .!a.ch of theee holes held approximatei,, O.S cc. of liquid. 



-so... 
!he head was rotated b1-air-un.derpreewre ~hich entered through equi ... 

distant holes 1n the baae of the centrifuge. On. pasdng through the-se 

holes the enteri.i,g air struek: small flattges etched 1:a the base of the 

· aluminum he.ad and rotated the heado It was possible to develop high $peeds 

wit-h this centrif'Qe."t: at veey low air presl!lures. As aho-w-n by graph lo. 1 

speeds greater Utan :36.000 r.p.m. can be obtained tt.l a. presslll"e of 10 poundttt 

while at a pressure o-f 90 pounds a: apeed of 120,000 r.p.m~ was possible. 

this latter spes,d being equal to )009 000 tlme9 the force of gravity. While 

high speed., are necessary to obtain high centrifugal fields of force., 

another condderation of prime importance 1B the radius through which the 

suspended eolloide.l material will rotate, for the centrifugal force is 

directly- pToportional to the ra.dtu.s as is 9hown by- the equation: 

where: 
te = centl'ifugal. force 

·w = an,ga.lar veloct~7 
m . = maea 
r = radius 

Forcefl developed wt th the ultracentrifuge a.re generally expres.eed ti'l 

gravitational units- which ·irre also directly proportione.l to the radius 

about which t.he material is rote.ted. 'fhe equation for gravitatton force 

ia fg =;- mg, m b-eing the mase and c being the gravitational constant. D1.­

v1ding equation (l) for centrffu~ force, by the force due to grav1tye 

the fo-rce in gravitational uni ta become,: 

(2) 

Preltmina17 trials were made with the ultracentrifuge in ordsT to 

'become_ a.cq'flainted with the technique of operating it. Attempts were made 

t& d~rvelop ;ama.11 tube; to aet as suita-ble eontd.ners for the virus -i1:11epen-
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done which wer~ to be placed in the ~luminum head. Ordin~:cy gelatin cap­

st1J.e$ proYed. i;neffeetive as they diesolved quite reedUy in distilled ,,a.ter .. 

Doth eolJ.odion 1111d p~rloclion a.ho proved ineffective. Tu:bee made o.f these 

latter mi,teril'tls bee~,me t;rrinkled Bnd dbtorted when revolved at high speeds .. 

Ct1.stom-m~d$ pyrex glass tubes were finally or.dered from a le:boratory supply 

hom~e and proved satteft\ctoeye 

It was found that when liquids ,,ere revolved at high speeds in the open 

head of the centrifuge, evapor~tion ot' the liquid proceeded rapid.lye It wae 

neees~ary, therefore, to h~ve a closely fitting cover made for the head which 

1!\18.!1 held in place by a, small central bolt., This cover when fi ttetl with a. 

gasket prevented evaporn,tion e,lmost completely,, 

Extensive use of the ultracentrifuge in the Tirus studies ineluded in 

thi~ paper was limited by the time element. The centrifuge was not recei~ed 

until J,,.nua:ry 1948 and further del,q was incurred by the fact that prelimi­

nary trials with it were necsss~ry bef'o:i!'e :tt coulel be used, a..'J\d also due to 

the fact that there was mueh delay in proeuning the sm~ll pyrex glass tubes 

nacesenry for the we.irk. Tli.e ma.jol" portion of the virus p~eparations, there­

foree had to be ma.de udng filtration :;i,ml l(J,;r speed centrifugation techniques. 

The groundwork:, however11 has been 11:tid f('Jtr the Ul!lee at thi.~ institutiolll.. of 

tha ultra.cel'}trifuge in vi!"ll~ r11H1ea!"eh as well s.s in ot1'..er tyJ)es of biological 

investig~t ions o 

Prepara,tio:n with tpe Ul tr~centrifu.ge. 

As .already indica,teda the purpoee of the ultracentrifuge in. virus re­

eeerch work is to highly purify the me"terial and eliminate foreign and cou­

tiuninating nta.terie.ls as mueh as pos.sible. It cannot be repeated too often 

or stressed too strongly that in virus research the purification of the 



materie.l. under tnve~ttgation. to tl:i.e highest d.egree pee dble is p~rticularly 

important and neceSBacyo Only after high grade purific9.tion m th.ads have 

been used c~n succes~fu.l invest:lga:t.ions ~Jtd :!.nterpret~tion~ b0 m,J:le of 

'ttirus entitieso Viruses as t1een under the ~lectro.n mie!"o~eope, wUhout tm 

use of snac:lowe~!!ting techniques ~hioh :!!.re dbcu.e~ed. Latero are generally of 

e. rather shadowy and indefinite nature and tto not ccmsht of well-resolved 

forms which are eas.1ly seen and recognised ... 

In genera1 tl'lfi teeh:niqlJ,e of prep~ratil'>n of diseasec! pl.a.nt me.ter1als con­

flhted firt!t of 83.l in h~rvesting the· d:i.eeas~d thsuee, geJtHtrally the in­

fected . .lee:ves, and grinding or prening them with a, mortar art.d pestle to 

express the Juices.. The l~avefl were sometimes frozen over night before 

g:rin,Ung Ol'" p:resdng, or they were groun.d or pr,,H~tn~d cUractly aft,~r being 

he,rveeted.o 1£1 most eases e. few e. e. of distilled water w:as added to the 

leitves whil~ extr19,cting the juice in order to f;reilita.te extraction and to 

increa,ae the volU11'.ie. TheM e:r:tr~eted juices ~er~ then p~issed through 

cheesecloth to remove the l~rger a.m'.lunt of pla,nt m~terial which occurred 

pl!rtieularly ~,rhen the mj,),te:r13',l waa ground rather than pre@$ed. As i11di­

cated ea'l'liet>11 pressing of Juices fo suitable for some type.s of plt?nt m,a­

t;,:riltl., while with ,:;,th.c?r typ(i?f~ g!'inding ie necensa,ry. .Following these 

preliming,i,ry stiS'ps the juice m~;r be :fu:rther fi1t~:r-ed through Celit~ ae 

done by Stanley {19h0) who also added d.ipota.sdum ph.f,sphate to th~ juiceo 

In these studies. however, filtration other th!;\n through cheesecloth wae 

not usedo The Juice wa.s then purified by d.ifferential centrifugation 

which consisted of centrifuging the m$.terial at alternate b.igh and low 

speedsc · This method h commonly used by mMt workers in the field of 

virus reeearcho Stanley ( 1940) used this method in the purification of 

tomato bush7 ,tunt viruso Rawlins. Roberts, and Utech (1946) also used 



-53-

thh method11 ,dternately centrif·dgi:ng tobacco mosaic at 3000 r.p.m., and 

35, OOC l"oP• mo In. the ery-~tallization :and preparation of squash mosaic 

f&,kl?.hashi (1948) m~ed thie m~thod9 ~Jld H may be said. that it is the 

getl.e:r",lly ,!:1,CCe_;,ted. procedure in •virus purification from ~ither pla.n·t err 

ln thete t1tud1es tb.e juice was first run in. the low speed centrH''uge 

at 3000 r.p.m. to ,5000 r.p .. mo for a period of f:rom one half to tn1e hour .. 

i:his served to throw down the heavier pb.nt material gnd left" in the ease 

of tobacco ,juice, a dull brown liquid . ., Small amount~ of the brown liqu.id 

were th.(';n ce:n tr if1.1,ge cl for periods of 1 1/2 to 3 hours at l:Oo 000-600 000 rop.m. 

These- high speed runS: t<ffe:re gener~.lly begw::i. flt a \\lpeed e,i 609 000 r .. peme for 

~' perlod of about Ol'l!'>, ha.If hour at ,;.rhich time the p:resililre Qn the line w.hieh 

furnished air for operl?.'~iou of th~ ultrt!tCF;ntrifuge ha~. dropped off until it 

raachP.d. a constant pressure: of 12 pounds ivhich corresponds ·t;o a Sfe<!d of 

about 40e000 r .. p.mc Centrifuga.tion wa~ th()n carried (,Ut at this speed 

during the :remainder of the run.. Upon eor,;pleUon of the u.l tracent:df'uga.tion 

proee~s the sm.13.11 tubgs containing th~ plant ,1uiee were removed from the 

ultracantrif:u.ge a,,,ct the supern.a.t;9.nt liqr1.id ""r~~ c~,ref"_n;r deei"\nted ~ne d.is­

e~.rded, it hrrving been aSi1:!U1nE,H1 that the :major portion of the vtrus y~rtieles 

now were in the ma.te:dal thrown down in thl'l bottora of 'the tube., This 1>re­

t:ipitate which in some eases eondsted of small pellets. l'md in other ea.see 

was in the fo1.~m of a fine sediraente was ·then resuepcmled i11 ~ small amount 

of distilled water., In this manner the virus was again tU$pended in a liquid. 

medium wh.11~ the originallt co11oid~l p~nt matsriale due to the high speed 

ca:ntrU'ugal process, ~·ran clump$d together to f'orm small lumps Q '1.1he resus­

psncted virus was then centrifuged. in a low spaed centrifuge at approxirn~.tely 

3000 rcJl.!lh, fox> half an hour to an hour., Following thia the lumps @f .eol-
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loitlal plant material were :found as a gediment in the bottom of the tube. 

The supernatant liquid bem•ing tha virus was then carefull7 decanted and 

<:1~11 drops of the puri:.f ied suependo,n w·e:re used in the p:rejla.:ration of 

mounts for electron mieroseope examinationo 

In all ee.•es the d!ffer~nt 1.al centrifugation. ;.;ra.s only :repeated onee9 

that :iee the ma.te:rid w~s first run at a low speed •. then a.t a hlgh ipe~t!, 

~nd fi,nally a;t a. 101,1 ~peed. Some tvorkers h?,Ve repe\l;_ted thi1:s proe~,s eev ... 

er&l ti.mes in order, it is $;l!H!'Umed11 to further purify the me.te:riRlo I 

have fou.n<'l.e howevsr, in niy investigat1ons, up to the :preeent time th!lt one 

complete cycle of high si'Hi 1ot.,r speed eentrifugation hills p:ro-red sufficien't 

to rErn1ove the greatest part of the contmninl'i,t ing materia.19 and '...inl9ss ex­

eeptiona,lly pu:1:~e roateri:al b desired, the a.ddi tion~,l pu.rifieatton obtt?.i:nad 

h not worth the ~llded time involvedo 

An important . eo:nsld,era,tio?a that i1It'l.st not be overlookoa tn the use of 

the ul traeentri:f'uge in purifying plant ma.terrial is the fa.ct that while 

o!'dina.ry contaminating plant subst~J1ces m9'y be practically ~liminated with 

the iu9t:ru."l'.len·t;, an.<'l thoM r~ma.ining ~uite re:!!,dil;y id~ntified as oril.in~ry 

conta:11ina.."lts. therA still :,remains the possibility- that plant proteins of 

high mol,eeula.r weight an<l compa:ratl Tely la.~ge sil!:e m~y be thrown d.ow·n 

i'tlong with th~ vi.rnM@o 1lhese high molecu.l~r weight p::roteins m,9,y be 

ren,d:i.ly con.fused with the virus ps.:rtieles a~ they are very dmilar in ap-,-. 

;9e~.ra.nee., !hi.s is es1;,ecially tl:'\le if the . virus under inveetigation ia 

spherical in ~hape, ae prote,imthemselvee 81M eeem to h;!!,Ve l"! spherie~l 

etructure in genera.lo High moltoular weight proteins were bol~tefl_ b1 

Loring, Oeborne 9 and Wyckoff' (19.38) from t.he broa.<1 bean and. pea pl~.nt. 

and !Bkahuhi (1948) has isolatt'.!d a puri:.fiel high molecular weight11JU'b8tance 



from squash phtnh which shows a striking resemblance to the virus of the 

squash plant as isolated by himo 

Prem,.re,tion for E%§!Dination with the Electron Microscope. 

Mounting technique 

Following the purification of virus material either by centrifugal 

or filtration prociuu1ee1& it wa.s necesae..ry to mount this material for exami .... 

ne,tion with the electron microscope. For mounting material .of this type, 

~mall copper or steel ecreen. dhes are used,. 1.1.'hese dhce 8..re slightly 

more than .3 mmo in d.ie:meter and have numerous small perforationee approx! ... 

mately squ~.re in sha:pe& through which the material being studied ma.v be 

viewed in the electron microscope. Over these perforated metal discs a 

very fine. thin film of transparent materi.a.l hi placed to serve as a sup­

porting membrane for the viruses. l~..rious materials have been used for 

this purposeo Among these are Oollod1on. Padodion, and Formvar.. Viruses 

e:r:amined in these studies have been mounted on membranes of both P~rlodion 

and Formve.r. Parlod.ion11 when used, is dhsolved in timyl aeets,te in a 1" 

solutiono In using Fortnvar, ethylene dichloride is used acs a sol vent ~md 

about l/2t/; of Formva.r by weight is d.tuol ved in thho fests with both 

Formvsr ~nc1 Parlodion showed the b,tter to be the better material for use 

as e, supporting membrane, although many workers report highly sueceuful 

results u•ing Formvar. 

1'he following method of preparation of specimen material wa.s used 

throughout the work.. Distilled. water wa.1 placed in e. smrtll, chemica11.y' 

clean cylindrical glass dish approximately S inches by 2 1/2 incheeo 

After the surface of the water had become comparatively still a. drop of 

either Parlod.ion or Formvar was dropped on the surface of the water with 



·.,n ordinary d.ropper.. fhese substances when d.ropped on a water surface 

~pread out re;pidly to form a very thin film which solidifies as the sol­

vent material evaporateeo As a.l:rea.dy mentioned. Parlodion ditulol-ved. in 

amyl acetate proved to be the better material to SP-rfl as a supporting 

membraneo Films made of J'ormvar broke mu.eh more readily 111hen subject 

to electron bombardment in the electron microscope, and upon breaking 

almost invariably rolled and twisted in such a way as to become ueelese; 

for the purposes intended.. Pa.rlodion, 011 the other hand, withstood el~c­

tron bombardment much more effectively. and when breaking did. occur9 

there was much less tendency to roll and twisto A:fter the film had 

solidified and. become nset8 on the water surfacee the small metallic 

screene were :pl.a.Ced on the surface of the film. Genern11y fm four to 

eight of these screens were pl aced on any one film 1n two clQ.IJ ely spaced 

rowso An ordin.el';r microscope slide which had been. well washed and dried 

was then c8.refully prested d.own on the screens and supporting membrane 

80 that the membrane' adhered to the edges of the slideo fhe metal screens 

were thus held between the slide and the membraneo Reta.ining hold. of the 

microscope slide between the thumb and the forefinger. the micro~cope slide 

was pushed into the water slightly and tilted at a small angle &,long its 

longitudinal ub.. An ordinary teasing needle was then used to cut the 

membrane parallel to its length.. The s1 ide w11u1 then pushed deeper into 

the water. rapidly turned through an angb or 180° and t'3ken out of the 

water. l'he purpose in cutting the membrane was primarily to make cert~in 

that when the slide was turned through 180° only the original layer of 

the membrane covered · the screens and. a second layer was not d.eposi ted. 

At this point the screen9 w-ere on. the upper side of the microscope elid.e 

with a £ingle layer ox the membre.ile covering themo The excess water then 

was d.ra.ined off of the microscope slide and film ruid slide were allowed to 

dry under a Petri clish cover, the latter serving to prevent the accumulation 
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of dust and foreign particles on the aur:fa.ee of the fib.to fhe drying pro­

cett• was generally hastened by placing the slide on a tripod ·ringetand and 

warming it fro,m belo:1 with an ordina.r7 40...watt light bulb. !hh dried the 

mambrane fairly rapidlT without damaging it. -\.'Jhsn the membrane was com­

pletely dl'y, a small drop of the virus euspensi&n under consideration. was 

placed on each of the screens covered with the membrane. The vi·rus eus­

peneion was allowed to :remain on ea.ch screen for a period of from two to 

five minutes and sometimes longer, !he suspendon was generally deposited 

on the membrane · $"urtace by means of an ordii'lm"Y' dropper which had been 

di-awn out to a fine point or by mean, of a micropipette. The major portion 

of the drop was removed from the screen w1 th the same type of dropper or 

micropip&tte. After removal of the drops the remai:ning suspension was 

allowei to d.ey- again and after dryi11g was washed. with di at1lle d water to 

remove as much as possible of the salts and foreign material present 

(Cater and S\anley, 1946)0 

All the ltt"•C.eding steps having been carefully carried out, th~ vine 

Ul'lder C(.)ns1derat1o:n wa• ready for examin.at1011 with the electron microecopeo 

In the pre·paration of tobacco mosaic it was possible to use a further 

refinement· t.n technique o.f preparation.· Tobacco moeaic after having been 

pre-pared for electron microscope examination by filtration methods was then 

sha.d.owgraphed, a. technique which is discussed in the following pageso 

§,gu.towgr,gJ!h1!f?t 

A t$Chn1q.ue o!f comparati'Yel1 recel'lt iQrlgiu h known as ,.,d:iadowgraphing. 

Essentially U condtJe in the formation of a dark area resembling a eJ)adow 

o,a one side of the s,.eimen under 1nveeUgatioi\o Thie procedure has the 

effect of giving the ehadowgraphed m!l.terial a ra.isad or three ... dimendonal 
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appearance which has proved of eonsiderable &$sbt~mce in thA study of 

biological as well a.9 other types of material,:, In the ease of virus stucUet 

thh techniq11e has been almost indispensable in the r"cognitione measure­

ment, a:nd identification of so-me of the viru.us investigated ~o faro 

~echnigue of shadow casting. 

This technique was <rriginally develop:, ii. as a means of measuring the 

hi'>.ighta of obj1cte under the electron microscope.. The material under con­

sideration h!'lving been purified and mounted prior to examination with the 

electron microscope, is then placed on. a stage under a bell jar., 'fhe bell 

ja,r and contents are then evacuated Eu1.d a metallic substance, chromium, 

gold, uraniume or some other mete.111 is then vaporized b;r means of a tung­

sten filament.. {Other metals such at1 molybdenum ma,- also be used f.or 

, f1l@J11ent.so) The particles of vaporized metal tra.vel in straight lines and 

bombard the surface supporting the specimen obliquely at a suitable angle .. 

ligh points of the surface, such aa virus particles, intercept the metal 

particles in the .form of a fine film, particularly on the side from which 

the meta.b are tlshot1 .. Areas immediately behind the high point$ at-e blocked 

from the mate.llic spray, and in a negative appear as shadows and serve to 

make the particles in the field stand out from the underlying surf ace 

(Williams and Wyekoff,. 1945a.). The principle compares perfectly to the 

eadiflg of a shadow by objects expoeed to light rays .. 

In soma o:t th.® etc:rU.~r work using the eh~.dowgrB;phing or ehtulowc~st1.ng 

teeb..nique, chromium wa-~ usecl as the ti!hadowing metal. As pointed ou·t l1y 

tf:tlliams and. Wyckoff ( 194,5'1:,} this m@tal b multable as long as oM is tieal­

ing with be.cteri9s t.}.nd ,no.st vi ru!l!ee that are large compl<l,red wi.th the thick­

nese oi the metallic layer d*'J.iCHfited on tl1f.H!l ,1ur:!.ng the shtutowce,sting proeeseo 

In the ca.ce o:t' smaller particles, i.e .. certain other vi.ruseo11 a fals• i.m-
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pression of :Size and e.hape is given by the metf:tls of lmir't!r electronic 

scattering paqer11 sueh as chromium.. As shown by Williams and Wyckoff 

(194.5b), gold, which las a higher electron scattering :power than eh:romium11 

is adr11irtfbly eiuiter1 £or the formation of ve~y fine films a.nd gi "feSe th.ere­

fore11 a mo:r(3 accurate representation of th9 specimen.. Gold is capable of 

giving a calculated thickness of S to lOA as compared with chromium '1>.thieh 

give~ a. calculated thickness o:f ca .. 80A. 

'fhh report includes ahado'l.:!-ceet photog:re.ph~ of tobReco raotiatc onl.70 

At the time thb work wa~ don,eo shadowcta.sti.ng equipment, '1'1~~ 1n the process 

i,f bei:ng built at Oklahom~, Agricul tar8l 1itnd f.1echan1cal Colle g~9 but ttJa,r:, not 

eomplet~d until a later date,. Through the c~urtesy of Mr. !ugh B:,ilrto:n of 

PhilliJ>'-' Petroleum Oompt1!1,3' at !~rtletSville, Oklahom-av tobe.ceo mo.saic lJ:re­

pe.rattone were 6'h8,d.owgr~phed_ with gold. Md pictures \Eiken. 

!he adV!intages .of sh~d-owca1ting of viruses can be lie ted. atS follows: 

l. A three dimensional effect h produced. giving greater cla.r,Uy 

of the specimen .. 

2o Det/:'l1l$ of morphological and physical structure are enhanced. 

:;.. fhe shadow formed in the proceee m~-7 be used. in quantita.t1.ve 

measu't'ementfl or height. 

4o A means of auistance in identification and recognitiott of the 

virus b of'fel"ed by thitt1 technique. 

5,. Grea.t~r def1~it1.on and contrast h obtained in the photOgl"3;phy 

of the viruses. 

11'he process of sbadowca.sting is being used extendvely toafay in m3l1y 

fiald.s of' research with the electron microgco:pe aml i!'I by no me$.ne .. confined 

in itr, ~se to the :field of M.ologyo lt serves ~tlmirably i1it thE'l investigation. 



-60-

of tha minute detailA of all tniee of surfa..ce structure• and makes vhfble 

etructural deb .. ib rhich otherviee might be invisible. 

Replica ~ec9pigue, 

Often clo aely auociitted \ri th the shadowgraphing proceu h the replica 

t echnique. It is particularly useful in the exa1111na.tion of mteriala too 

thick to be ~iewed directly under the electron &ier&acope• and has found 

wide end extensbe pplicatione in the field of biolog7. IJ.'he technique 

conwiate of placing a film of plaet!e material. Formva.r, eollodidn, or 

other plal!tiO, over the surface of the specimen. 1'he plMtie, upon dryittg, 

givee a replica of the gpecia~n snd 11a7 then be etr1pped off end examined 

unde1· the electron, mieroaeope. 

!.'be replica technique watt d@Yeloped by Schaeffer e.nd Harker ( 1943) 

Md ne u.ee.d by Willb.me and. Wyckoff {1945a) in preparing gold-eM.dowed 

specimen, of tobacco aoeaie. They were interested in the preparation of 

a Ter7 smooth sub1trate in order not to confuse the ult111ate structure 

of collodioi, film@ with tobacco mosaic viru.1. Por this purpo1'e the7 
r 

ttHd polished gl&H micro1eope .elide11 which had 'been chemicall7 clee.ned. 

On these eurfaces they placed drops of the virus euspendon which were 

~llowed to d'i"y and •ere gold-eh&dowed in a T&C'llUll ehamb~r. 'rhe7 then 

coated the m1croecope ~lides 1th a thin lR7er of eollodion. When dry, 

t he collo<llon lqe:r wati stripped off the Blide together with its adhering 

gold. '?his eliminated t he fine structure of the collod.ion because ite 

•tructure wae· not brought out b7 the ehadow-ca,t gold. 

The repUea technique vae not ueect in n.7 0f tbe gtudies discuet1ed 

1n thb report. 
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llSUI:.fS OF JJLEC!B.01' MICROSCOPE EUMjlA:fIO~ 

!9bacco Mogaic Virua. 

the ,d.?'U.$ first e~.mtned. in theee &tu.died with the electron micro­

scope wae tobacco moee.ic mirus. fo the beginner in electron miero,cope 

viru.t reseereh t:h!s Y'irutJ ha.s gever~l die tin.et advantage~ which recom­

mend ih u~e.. A111 mentioned previously, it te compare,ti't'ely ~t.a.ble. 

exiets in high eoncent:ratii:>ns, f.~ of relativel~ le:rge si!le, e.nd i.fi quite 

l"~fj.d;ily hob.tad from the host material!>. In addition to thh :lt ~,e bee• 

plu:rtog?aphed: so often that from photographs in the literr::,ture the begiti.n~r 

cen :-ecognbe it quite read.Hy under the electron mic:r·osecipe. 

ho means of prep•.ration of tobe.cco mosaic were used. Originally 

the 11!$terial was prepared by the filtraUon met.hoo.s already deeerlbedo 

Using thie meth4d it wae po•d.'ble to view the virus. wtth the electron 

microscope and. to obtain photogre.phs of it9 With the aesista..nce of Mr. 

Bugh E1.'l.rton s.ome of thb material wa111: gold-shadci111ed end photographedo The 

11triking difference between the two typi!!g of material.. 1.eo go:.ld-ahadowed. 

and. non-gold-e,ii...adowed, een be ~@en from the photographe which follow. 

Vit"Us enU ties that ruw.e not been shr,.ti.owed rl-ppe~.r .,nly !'1.f! (lerk rod.r:._ while 

the gold-ebe.dowed m;;.terie.1 stands mit from the fieltl tn bold relief' !l.Dd 

~.1Ye$ ~ meh clearer concept:1.on of the morphology a.od ~trnctu:re: of' the viru•o 

. ln addition the :Photographs of the gold.-she.dowed tobacco moqie viru!, ill 

. th~ cnse of erui-to-e~d ~..ggrega.tlon of the sep9.,r~te rtr.nfi ent!.Uer., ehow the 

point,: nr bound11ry li.nee where the pl!!lrtfoJe~ }H,V~ !lfgl'eg~tt,d themeelve• end 

to~ndo 

. At· the begiMing of the tttudie s tu,ing the ul traoentrifuge as e. !!"~es 

. o.f putifJing viru.s mate:rb.1. toba_eeo mosaic wae e.g~in u~ed• 1.nrgelr to be-



come a,e,qua.tnted. with the ·teehniqu.e in.vol ·vad a.nc the re!llul h which might be 

e,11:p~eted., ~ flh!W'n by the photographs which follow. '1t ia poesible to ob­

tain,. not ontr vr,r,7 high concentrati<:rt1s of the material. but al1110 field.a of 

virus fJntitias ,diieh a.re free of contafllinating pl~nt me.iel"ial.. As teen. from 

·~h,g ph.otn~e.phl!e to1'laceo mosal(} a.ppea:rs in such a co?teentreted. form aa to 

Jlreeent the .ap:pl'a\rs,nee ,:,! a web or nelo 

Jrom measurtt~nl8 m~de of the particle t,be r;f th~ tsol ~t(lt.d !l!Ateriali) 

3111'1 from eompe:riaons with picture~ of to'baeeo mo~ate v1ro.e foun1 in t!1~, 

U \srature, gnd from the exa.minaU.on .of he1?.ltb¥ t:)ba,cco pl'(\p~rationee U 

has been d$t~rmi?.1,ed th1.t.t tm mate?il;'l hiolit1,h'3. fro,~ ttise~~ed ~1rkhh to. 

ba.ec& was the infecti.EJUS ~nti ty eaudng th-~ l!\1Jnptr:rmt known a.is tob~ceo mosaic 

in th~ host.. ~e l)a.sic unitfJ of the vims apfe$l'." t~ be ro<'i-likB etrnct.ure• 

averBging 1.5 .,: 280 aa has be$n ~ho.,n1 by other ':-rork~rth Fnd-tD.:~nd 

aggregation ef the baaic virus ttn:tts h~s ~ln.o. been obse:.'ved 1,n theee !tudies .. 

In ~om, eases this phenome!Wn appeai.red. in a V"!Jry pronounced m!!!llner, \?hile 

in other 1nstancett 1t was hardly noticaa.'hle. Wo ~ttempt b.8.a been mao.e 111 

these $tlldtes to determine the probable cauee~ .of thh ;phenomenon. Studies 

of thie t7Pe he .. ve bee~ undertake:n by llawlins, Bobert.e. ~.n:d tJtech (19",6) and 

by other werkerth 

Seven Etch Yi:M.tJ. .. 

L!.!!av~s of hrkbh tob~co infected. 'li:1t'.h te•ere etch v!ru,e: wre harveat•4, 

frozen overnight, and purified using filtrrttion t~chniq':lH" 

li)xl.llli1nation •tth the eiectron mieroacope yielded two t;ypeJ of particle• 

not found !n healtb7 tobatH!Oo One of· the~e was rod,..~h$pi!td while the otha.r 

consisted of tnu:ch smalhi, spherically ... ih.a.ped pe.rti.ele~1i The rod ... sb~:f!'!ld 

~nu t:i e.g 1mggested. the prall!enc a .,:;f tobacco mosaic 'Vi:rU-g .-.. ,,.bi. eh w,as lilt.er 

confirmed. 'b1 exwn.inat!i,n e.nd inoeu.l~t.fon t"'st:e of th0 h"JS t pla -nt.s f:f'Qm whtcb. 

th.e extra.et esmdn.ed. waa obtnineda lt wat1 found th;it th~ h-ost p1an·h- ort-



ginal.17 containing onl7 severe etch had become accidentally contaminated 

with tobacco mosaic Yiruso 

Photograph• telten of the extracts containing both viruses reveal the 

presence of red-fllbaped and epheric::;,l parUcles.. fhe small spherical 

particle• may 'be seen scattered between the rod .. shaped toba.cco mosaic virus. 

These spherical particles appear to be all of a s1m1V,r sise and in a suf­

f!eient con.centratS.on to suggest that they may be the agents of s,vere eteho 

Isolation of severe etch virus from tobacco mosaic was not completed 

in time to attempt preparation of* severe etch by ultracentrifugal means. 

Seebanla Mo9aic Vll'lls. 

Following the initial success with tobacco mo&aic virus using filtra­

tion techniques,, an attempt wa.s made to isolate and study the vins causing 

eesbruiia mosaic. 

Lea?ea of 1eebanta plants. which had been placed in the dl!U'k f'orr,cbout 

20 hours to cut down on the starch contents of the leaves, were h$)r't'ested 

and prepared for examination in the usual maaner. l3oth health:, and diseased 

leaves were prepared in order to compare the two in mn e:ndeavor to det~rmine 

whether there were an7 entities present 1n the diseaeed preparations which 

were not found in the health7 material and which could poasibly bee identi­

fied ae the virus producing the mosaic in seebaniao SeYeral preparaUona 

of both healthy and diseased leaves were made using slight .modific.ationa 

in t'Utratton methods. 

In gpite of the fact that all precautions were taken to prepare pure 

material for exU11nation "'Uh the electron microscope, nothing approximat ... 

ing conclusive resulta could be arrived at. Foreign plant n1iteria.lt1 were 
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generall:, present to su~h an extent-- that t'tle presence of the viru.8 could 

have been easily masked, particularly if the virus were spherical in shape 

and therefore eimtl ar in appearance tc, the plant ma.terialso 

In the prepare.tion o-f e.11 viruses from plant materials by filtraUon 

methods_, dilation. of the Juice following the completion of fiUration pro­

cedures was necesaary. It was necessa17 to dilute the final extract in_ 

order to decrease the hea:vy concentra:tion of plant mater.ta.ls otherwiee 

pree-enti) Mlv.tion, 1:a addition to decreasing the amount of plant particles 

preeent, also decreases the number of vlns particles present in any· give11 

:prepa.rat1Gn. In the ease of viruses 1u.ch as seeban.ia moeaic virue, wh1~. 

unlike tobacco mosaic virus. may- be pr1n1ent in the plant extract 1!,l com­

parativel7 small eo:ricentratione, dilution of the m&terie;l ma7 also hinder 

recognition of the viruse9 as such, for in general it may be said th~t the 

more concentrated a virus preparation is, the easier it beeomee to identifyo 

Particularly is thh true in the stud.7 of viruses heretofore not examined 

. with the electron ~icroecopeo 

Studies on this Yirus were finally abandoned dae to the inability to 

obtain conclu~ive ree-ulte using filtration and dilution methodao 

Cucumber Mo!fDiC Virus. 

Dheaaed fttrkish tobacco leaves infected with two str9,ine of cucumber 

mosaico one, 0Tdi1U117 cucumber mosaic, and the other a strain found on 

bindweed by I:. Starr Chester in Still'l);fa.ter, wera prepa.l"ed for examine.tion 

wttb the electron mic.'t"oscope, originally as1ng filtration and. dilution 

proceduree Md later using ultracenUrftl«al method.,. 
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Results) using filtrt!ltion and dilution mathotis were very unsati~tactocy. lo 

etnotul'e.l could. be condst.nt'lyrecognized as char.a,c,terit1tic of di$e&eed 
,, ," •• •L • 

With the ttltrae':lntrifuge somewh:'!t more conclusive rettults were obtained 

of' th$ presence 0£ what may be the virus producing cucumber moeaic. fime was 

Udng filtration and dilution methods. an attempt was made to in.vesti-

gate the virus designated as _cabbage A virue, for this ~rpcs e leavee of. 

dbeas&d es.b'b'age had to be thoroughly ground with a mortar and :pestle as 

the cabbage leaf' y-ialdspractie&lly no juice by ordin1:cr,- ;pressing method1 

and ,ery little juice when ground. liven though rather comp11ce;ied filtra-

tton methods were ue.-..d to remove the pb..nt fflg,ter1als present in large amount& 

due to the fine grinding ef the leaTfl.So mountJ: made of the Juice when examined 

with th1t1 electron. mieroacope were so heavily laden with plant s11l11tancee 

that recognition of the pr-,sence of a virus was impoHible., 

ft.me did not permit u1 traeentti:t11gal prepare.tion and aubseq,uent en.mi-

nation of cabbage A viruE with the electron microscope .. 

of which were diseutH1eti in the fi!"at part of thie report. 

U'sing lieotiana glutt;oea as the host plant, t1peeime:ns were prepared 

tor eumin~,tion under the •lectron microscope using both filtration and ul-

tr-.eentrifugal techniques. 
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.ls in the C!t.se of all other filtration preparat101u1 wt th the exe-e;ptio.ne 

of tobaoeo mosaic virt1th examine:tion 'W'ith the electrou micro.scope failed to 

give results that were in ·GXW way conclusive. El1.tCt.ron microscope examina­

tion of eowpea mosaic virus prepared by ultracentrifogal. techniques, however. 

shot-1ed the pretence of apparently spherically shaped particles, some of these 

in a highly aggre,gated state, that may be the infective agent causinc cowpea 

moea1c. lt cannot be definitely stated that the plrticles shown in the 

photograph1 which follow are the cowpea v1ruea Hore extensive investigation 

than has at this time been r.;0ssfble trould be necessary before. eonclusions. 

of this na.tura ·could 'be drawn,, It i~ eignU'ice.nt. however, that bod.t-ee of 

the type sl:"~ were not found in any of the examine,tion9 of bealthy 1ficot1ana 

glutinosa... Gold. =~.ad.owing of dhee,s.ecl prepara.tione would, no d.oubt, aid 

m~rkedly in the determination of th~ n~.ture of the particles ob5erv0d. 

'ill\•o.i Mo1a.te ,Virus~ 

Wheat grown in e:,rperimentel plantings at Oklahoma Agricultural and 

t.lleehml.iee.l Colle.gs. e:nd showing symp1.oms of a moeate. was prep.sred for 

electron microscopic ex.aminatio-n" !he ultracentrifuge wu used exclusively 

in the p,reparat.ion of the diseased .tri&t~rial. ~al thy wheat lea.va11 wore 

prePared in e. like ms.nner fer pur-9oees of CO!lipa.rison. 'tli th the diseased 

extraclo 

Am ehown by the photogre,phf!: which follow, a number of umUarly ehaped 

particles appeared in the field under t.he ele.ctron ll11eroecope. lfhese seem 

to show a deflm.te homogeneit7 in their •1.le and appearance aud further ap­

pear to be aggregated to some extent. Similar types of 1,odiee have not been 

found in e,i:traet11 of healthy wheat 1.ea:ves. Again. it is i!rpossi'ble at this 

t.ime to draw definite conelu.si<HlB a• to the ns.ture of the pat"t icles observed. 

Metre thorough tnvesti;J;atione are necessary· before definite conclu,tons oa.n 

be mate.; 
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A~ poi.nted out earlier, ~ven aft~r et'l:reful purification and the co11lioo 

pll!!ltee o!' praeticru.ly eomµleie renioval of for,eign substances from electron 

mic:r.o~cop~ preparations, th• poasib1lit1 ffltill exists tho.t homogeneous par­

tieles found under the electron microscope m~ be high mol.ecul~r '1'e1gh~ 

proteine rather than virusee. f'his foot must bi, coot1nually kept in min.d 

in the 1:n:natiga.tion of v1mses with the el,eotron microacopeo 

m.ect.ron m1eroscope e tud.ies of plruit v1?"Usea h"?..ve shown thr.tt 1t h 

poesible to isolate and obeerYe the agents caueing the v2rious virus 1nfec.,. 

t!o~. fhe results 8.l~o indiel"te the.t careful pr~pa.ntio~ of the speei.mene 

ud~ e.deq_uate teelud.quea h nec,essa.ry before the desired reeul te etJn be 

obtr-ined. & .. nil furthermore, t~"'\t the accurate .and proper 1nterpretaJ;1on. o'f 

the material under ·consideration h only possible through extensive inve,-

tigations ef that matei-ial. ln the 1dtmt1f'i~~tion of pa:r.Ucles viei,ed 

'1'ith the electron microscope ae the causal agent of an.v puticular virus 

dheaee. the necessity of exsmining numerous fields of both healthy and 

diaeased e:1:tracts is of prime i11rportanee. 

llle,ch virus in.-eetigat·ed \rUh the electron m1cros:eope eonetitutes a 

sep~rate And distinct pro'blem in so!!le respect,. While tm genere-"l tech .. 

n1~ue of prepara.t.1·0111 'ie the ,w.me for all, the phystcal and chemical pro­

perties of the viru11 unde?' conaid,tte.tion appear to have a ~eftnite effect 

on the eaelt with which adequate preparations are madeo !his Joint mq 

be illustr~ted by a eom,pari:eon of tba prepa1ration tl?ttl obee:rve,tlon of tobacco 

moeaic as contrasted with cucumber t11oeaieo In the ease of the former. 

tipecimens are easily prepared. and the virus can be rea.d1l7 obsernd and 
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identified under the eleet~n. mier"ae,o:pe. In the ea-$e of the latter. 

sathfaetor;r preparation ~nd ident1f1cat1oa is .more diff'ieult.. thb 1s 

probably accounted fo:r by a d.ifference 1n physical and ehe:!!1ca.l properties 

sueh a.e original d~gree Gf concentration in the host. size of virus protein•• 

and gen.er.al etabillty, which involves optimum pH. long~vi t7 l! rltt9• 

effect of temperit.ure 8!ld various other effects, all Qf '1'hich mat be taken 

into a.eeoun.t in the preparation of the mteri-1. for el.ect.ron 1111croacopic 

axaminaUon. Another f13ctor t-1hich must be considered in vine preparat10:ra 

using the ul:tracentrifuge, and one which va.rf.e.g dep,!rnding on the molecular 

'Height of the p2rtieular virus under coneideraUon, 1s th~ fore.e neceeur:, 

to throw doWll the vh.••11.a.. A$ poin:t.ed out ear11e:r, the force is directly 

proportional to the speed ad the radius through which the vine suepen-

don is revolTed, all of whieh niU:st al•o be taken 1.nto con.9idera.tiGn. 

A 'brief outline of th~ ht.e.tocy and deve1opJi$Ut ,:,,f the el,ectr.on micrc,­

t,eope, together With the basic principles of electron $pttcs and the vadoue 

taclm:tquee of prepe,raUon of irinia spt>cimens is pretented, inelUdir,g 

fil tre:Uon e.nd ult.racentrifugaticm method so 

Ex1,1.m1nat1on of ttlbaeco mosaic virus d.etini tel7 showed the presence 

ot rod-shaped bodies lSwy.oc l801Mft ,.rbich :were tdent1f1e.d u the agent cauaing 

tobacco. mosaic,.. hamintttion of cowpea. mo1u1.t.c virus, wheat mosaic Yi.rue, 

and eevere etch vine reve!eled '$pherically-shaped bodie~ which are bel1ev~d 

to be the e1it1tiee produeil\~ ~e.cb of the r•spective dbeaeee, but w111 re­

quire f"urther inve1t1ga.tion before arriving at definite conelud.onao, !be 

study o.f cucumber mosaic virus and easb:m.ia moea1e v1rue :reve~led no agents 

which c.ould 'be identified as the vil"U.Ses producing these dist\aseao and an 
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1nvesU,gat10:n of Oabl:1$18 A •iru~ .Pll"O'fed (&ntlrely Ul1$8't1efacto:rr due to the 

pre,ponder~ne• of pleint uter1.8ls pneent. 

It is concluded thd 1)1a11t rlt"UfltH tl'e.y be inveP.tig~ted and identU'ied 

· ~Uh t.he electron mic-nscope with the ue-e of proper .end ~Alequt.e techniques. 

E~h vin" under 1nve1Ugf,ti6n mu~t be r*giF.:rd.ed, At le~et la pru.-t. ftK !I 

sepP..r!,.te end ".'id4 tinct pro'ble~ t.nd thti n~tuz-e of e}.ch viM.Ia mu.~t be t.~ken 

into accout in: prep~;ring it fer electron microeeo-ptr ~xsm-1:n."!.tion. 
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Crotalaria Moe aic Virue 

Elrplanation to Plate 1 

l. H•alihy ?-.l!!i:l ,11@ea.s.ed eN>blarie. plant. Kot• reduction 

1:n leaf dze .• dietortttou and bright· 7ellow mosaic pe\.tern 

on diseased. plant. left. 

11. !vo health1, r1€ht, ruid two dbe8.aed.. left, orotdaria plants, 

t;howing dvarfi~ 3nd ,tuaiing due to crot.lllarl& mo~aic 'V'h.•u0. 





Seebani~ Mos,dc Virua 

llt:;plenat1ona to ?late 2 

A. Diae~.sed se,bania leaf. lfote the distortion, p11ekertng, 

and m.osa.:!e pattern on the leaf. 

:::~1an1:1ticrins to Ple,te 4 

Ji. tif]:alth;' f,;eebania plant 

!il. Diseased se~b@J:l.im plant. Note the diBtorUO'n, puckering and 

redueUou in si~e of the le$,ves. 

Erplanationtl to Plate S 

A. Top view o! ~ healthy s•sba.n:ta plant 

». fop view of a diseased sesbe.nia plant. 

Note extreme distortion, puck1."lring. ~d c-r-~nkl:lng of 9ome 

of the inf1'cted leave-.. 

~lanatiom, to Plate 6 .. 

A. Healthy, left, and dieeael!d., right, leaflets of ae-,bania. &te 

reduction in dite, distortion. and puckered effl!tet of dise8"cl 

leaflet. 

:s. Healthy, left, an<l di~ee.eed, right. leaflets of Ogden eo7bean 

inf~cted with aee'bruita. zaaic. Note the ~lar mosaic sympt.?ms, 

vein clearin&. an,1 distortion of the edg@ ~f \he 4.tseased leaflet. 

c. lealthy, l'ight, tmd ahe&8@Hi, left, l~~.ves of Ogden so7beane infect­

ed ttUh eesbania mosaic. 
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A. I!eal thy coltr11ea l~tif 

11. Dbeased eowpe'A l~~r. Wote th" mild sympti'lmt ed vein el-,~ring on 

the eentrf1l leat'lt":t due to infMtfan ~·1th eo~yea mosaic. 

J;:xplanat ions to Pl.ate a 
A. 1it9~ltny 17icotigm,a. glu:Unpse 

J;. Di@e·~~a~aR _l1i_coti~M. £1!Lt-1no,.a tnt~eted ~r:l~h eo~Je~ ·moe_f!,1-c, viru~-o 

lb:ple.l"~tions to f'1ttta 9 

A. Iie-.!!1 thy ]ticoti~~ glut,1:no!!C, l~at 

;~.. teof '<>f filcot:i8nn glu:l;,iJ¥>.m 1!1f1~ctod 1,,1th eo't>rpe#iii. ~}s~ie. r,fot,e 
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The nlectron Mtcroecope 



Pl.Aft 10 

- ELECTRON SOURCE -

- CONDENSER UNS -

- oBJECT ­
_.OBJECTIVE LENS-

- PRIMARY IMAGE- -

- PROJECTION LENS-

- FINAL IMAGE - --~~-

Ill 
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,,\., Oold-sh:i:JJ'.l(M'!'i•Hl ell't,)JCi~n of t(l'b!l",CCO f!lO~!ltiC viro.tll.. 'X :n.100 

o:ppro:ir. Mote the rod-lilrn ~ t!'ttcturer, t1hieh f:!c"rl3 i;ht, virttt:; 

and t;h~ ~egm~nt;o;,t:lon of the long rcH'it shotdng e~.d-to-end 

9ff~regf?,tion f}f in/!ividual vi:n1:i ,gri;1(!lee. 1..,,e whit~ ob­

j~cts in th~ fiisld :i'!J"I" :pl::cnt eon ta.min~ t.ion.. rhe f;pecimen 

wat prr:ip~.r(?d by f il tr~tlon m~thod.ec. 

m. Gold-tha6~,ed specimen of' tob~cco mos!',ic v!ru~.. X tio. COO 

,i:,pp!"ox. !':'!tre1110 ~nlt!lrgement hat!l e~used a. fu~i;r ~:;?$Jf;!l1"~t:1ee 

lxpl~n~tio1u1 to l'lr•.t~ 12 

A~ t'fold-ehe.d.o\•eift !'t/JH?c1~n of tobaeco oos~ie vi:rt1s s.hol),:ing th~ 

effect of he1'VY g"i'.)la sh~clowing. z ,to, oon if>,pprox. 

l\, Tobaeeo ffl-'.}Sif,'l.'lc vi.Tn~ X 1n. 000 ~pi1ro:i::.. ihe @cpecimt:in hnti not 

be~u ~old.-r-;hnf~.oi,Je!<l. !fote the lmtt'\ :t•c,cls. c~t1.Sl'Mi 1,y ~nd-to-end 

l.l~Teg~ti.on of thti vf:ru~ p~rtiele!II. 

!:,:-pl,',)n:e:ttien~ ti, 'Pln.t,9 13 

A. TobBcco mesaie 1tirue shotril!':g ex·treme e:nd-t.o-~nt:l ~ggregation 

'.E'~l~:rt~ttein.t t0c ?li£1te lk 

A. 'l'obecco mos!itlc vili"Uf! pr~pe'.t"t'ld with th~ ul trac.eutri~. 

X 8. 750 r:fJp!'o1t. lfote. high c-~11c@n.tr;tion of vh·us pnrticlee 

p!"tHlueing: ~ webbed effect. l~rk s:r~l"ls $:::t"i<? dtte to the :ttggre­

gation of thf.: virull. 

J?J. !'obeeeo fflOH,i.~ vi.1t1 D!'t: ,re·p?.r~ti with th? -u.ltrt.\C'"'ntrifuge. X 8, 750 

~ppr,.,~. Rote th~ 2.:-.b£.ence of fo:r~:i.gn m!\litl?:ri~.1 from th~ field .• 

Dark areas ru:-e produced oy !'11.ggregg,ti·ni of the virus. 
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Pt.Aft 12 
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PLATE 14 

A 

B 



A. Tobnoco filfJS:tie virus. ro,1-shf\f)ed i?lilrticlese ~nd 

~:?h~ried .9~rticles believed to b~ 9e9b~n1fi. mos~!~ virus. 

X 10,000 ~pprox. 
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Covpe3 • le Virus 

lbpl nation to 1 te 16 

treme s gregatton of apparentl7 ph rie part1cl • 

b 11 Tad to b8 cow91'a m?s&ic •iru1. 1 7. 500 appros. 

Speci111en prep red w-ith the ul t:r eantrita.ge .. 

c1 n from cnwp inf' .ct d 1th eowpe ic virus 

and pr p $ . y filtration metho.d.1 . ate th• maak1ng 

o! h t tll81 bft the cowpea 110aaic Yiru.a by cont 111 . ting 

colloidal pl t trial. X 1. 500 ppro . 
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