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PREFACE 

'l'he poor vigour of many cul ti vars bel on;:;:i.nc to the gerru.s 

Danhne (Thymelaeaceae) has been attributed to viral infection 

iii 

( Ch;:_ ... i<. .. ~:l ain, 1954) and several viruses including alfalfa mosaic virus 

and cucw..Ler mosaic -~irus have been isolated (Chamberlain, 1954; 

Liilbrath t°.:. Young , 1956; and Schmelzer, 1968) . 

Concern about daphne 'virus' problems expressed by nurserymen, 

has 1 ed to several progr2r;mies aimed at improving stock plants . He cent 

survey work on daphne viruses (Forster & Eilne, 1975; Sutton & Taylor, 

19711; and Sweet & Campbell, 1973) has therefore been prompted by this 

req_uireu;cnt for high heal th and virus-free plants . 

In a survey of viruses infecting Daphne species and cul ti vars 

in l:Tcw Zeclund., Forster and llilne, ( 1975) isolated four previously 

described viruses (alfcl fa mosaic virus, arabis mosaic virus, cucwr1ber 

mosaic virus and tobacco rincspo t virus) plus seven partially characte :::·­

ised viruses (d.aphne isometric viruses 1,2 & 3, daphne-tobacco mosaic 

virus, dap}mo virus S, daphne virus X and daphne virus Y) o The lutte .c· 

three anisomotric viruses (DVS, DVX, DVY) have been further characterL:­

ed (R.L. l<'orster & r: . s. Liilno , pers. corm!l ., 197 ~ ), v1hile the reoairlirl,'.; 

isometric viruses (DIV-1, DIV-2,& DIV-3) are tho sub ject of this studs. 

Several isolates of each of t ho three isometric viruses were 

obtained from their respective hosts and extensively characterised. 

DIV-1, DIIJ-2 and DIV-3 could be readily differentiated from each other 

by host range and syr.1ptomatolo& in differential hosts and more detail­

ed study led to their separate identification. 
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CH.APTER 1 

CHARACTERISATION OF 

CUClJl...i3ER !.:OS.UC VIRUS STR.UN D 

An apparently distinctive isometric virus v1:::.s isQlated f rom 
' 

Daphne odora Thunb. ~Leuc'1.nthe Varieeatu' and tentatively designated 

daphne isometric virus - 1 (DIV-1) by Forster and l:ilne ( 1975 ). 

1 

Several isolates with properties similar to DIV-1 were obtained in the 

present study fro:rr: 'Leucanthe Varie3ata '. Detailed characteri sation 

established thc..t DIV- 1 is w. distinctive strain o: cucumber mosaic 

viru'3 (C:.:'/) ·:;!: ich can be distin.._.""lli shed on the bo.sis of symptoms and 

s erolor:r :'ror.i. the ' ty!lic:::l' :'orm of Cl.~V . Characterisation of DIV-1 

isoh.tes hereafter desi~nD..ted cucumber r:-1osaic virus strain D ( cti~l-D), 

;:;.nd co:np:...rison \'.'i th three 'typical' or common CJ. .V isolates f rom daphne , 

dcs i'cn.:!.ted C! .• 'J- C (isolCJ.tcs A,B and C) formed p<lrt o-: the present study. 

c:.:11 (R/ 1 :1/18 : 8/S : S/Ap) is the type member of the cucumovirus 

c roup (Hc:i.rri~on et al. , 1971) which includes pearrut stunt virus ( rSV), 

tom~ to a sperm.J virus ( '1\W) ond chrysanthcr.ium mild mot tle strains (C' ... ~JV) . 

: teports of serological reL.tionships bet·.-1een meII!bers of the group have 

been con:flict i r!G (Gro.:;an et al. , 1963; Lt.:.1!1son , 1967) <J.nd have been 

~ttributed to the use of antisera prepared from anticen mixtures 

(:!ink' 1975). c:.:v is an icosahedral virus ca. 30nm diameter which has 

a chn.racteristic sincle sedimentil'l.:j component (98s) containine 18% ru;A 

with 4 mujor species/len...,~h (Kc.per & ',\'est , 1972). ~imilar nucleotide 

base ratios are characteristic of the cucumoviruse3 viz; guanine 23 : 

a denine 24 : cytosine 23 : uracil 29 . The p~oteih coat consists of 2 

s ubunits each with a distinct molecular weieht . Phys ical properties 

in crude sap include a dilution end point ( DEP) of 10-3 to 10-5 , 

1 ongovi ty in vitro (LIV) of a few days u.nd a thermal inacti va ti on point 

(TIP) of 70C (Gibbs & Harris on, 1970) •• cr..rv is transmitted by maey 

aphid species (Kennedy et al., 1962) in a non persistent manner and low 

f requency 2 .0-20.0~ seed transmission h~s been reported for several 

hosts (Towiinson & Carter , 1970). There ~re also reports of sap or 

mechanical transmission in the fi eld (Brierley, 1962) and in the 

l aboratory C11V is tranruni tted to a large number of herbaceous species . 
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CMV was first r e cognised by Dolittle (1916) and Jagger (1916) 

causing a mosai c disea se of cucumber and is no>1 reported as the 

incitant of dise~se in mar~ horticultural crops including fruit, 

or1w.mental and vegetable sI~ecies . Infe ction of t hese crops and 

numerous weed ho s ts, to2ether with a facility f or r'-'.pid transmission· 

by over 60 aphid speci2s , insures ubiquity for CI.IV . 

Reports of CEV infecting woody plants are somev:hat limited 

but do include Berberis ( . .'ilkinson, 1953), Buddlein (Smith, 1952), 

Nandina (Barnet t & B.:i,xter , 1974 ), Prunus spp (Willis on & ~'leintraub, 

1957 ), Ribe s ( Schmel zer, 1962 ), and Rubus (Ha rri son, 1958). 

Previous to thn s tudy Fo:::-s ter c..nd :r.Iilnc ( 1975) CT.2J was re,sard-

cd as the mos t prevalent virus in Daphne spp. Reports of Gr.TV in 

D:iphne spp., include in :J . odora (ChQJ!Jberlain, 1954; I.Iilbrath & Youn--: , 

1956; Schmelzer, 1968; Su tton, 1974 ); Daphne mezereum . L. ( Smith, 1952) 

and ( Ii'orst e r, 1974) r e corded CI.C:V in D.odor a , DJ.plmc cneorum L. and 

Daphne x burkaoodii Turrill. 

Plant urop~~~tion 

Plants were prop,~eated in a sand- pe::t fe r til izer medium in 

0l asshou ses mainta ined bet·::een 15-25C and sh~,;,de d durine the summer 

months . Dise~.se and pest control were m:iinta.ined usine the inse ct i cide 

spray methornyl (L .::mnateR) .::~nd ethazol ' (TerrazoleR) were incorpora ted 

into the s oil mix. 

Sap inocul at i··m a nd syrnptomatolotzy 

Virus inoculu.11 fo r sap transmission was pr ep:..:. red by grinding 

plant tissue in 2-3mls of buffer plus a small quantity of the abrasive 

Celite, usi ng a pestle and mortar . The buffer hereafter referred to 

as Yarwoods solution, consisted 0.5% ea ch of K
2
Irro

4 
and bentonite 

(Yarwood, 1972). Inocul :it i ons were made with the pestle immediately 

a f ter dippine into the macerate. Inoculated lec.ves \'/ere wa shed with 

water (ca. 3 seconds ) to r emove celite e.nd sap residues. 

recorded. 

Indicator pl ants v:ere examined daily and symptom expression 

Virus infections resulting from sap, seed or vector trans-

mission experiments were verified by examination of negatively stained 

squash homogenates in the electron microscope and by back inoculation 

to Chenopodium quinoa Willd. 
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Vector tr<.msmission 

Studie s on non persistent transmis s ion by aphids Vlere conduct­

ed u :::;in.::; Llyzus persicne Sul z . maintained on Br assica pekinensi s (Lour.) 

Rupr . (chir.ese cnbbn3e ) and 1.Iacrosiphum euphorbi '-"e Thom . maintaine d on 

Sonchus oler:::.ceu s L . ( so\'1-Lhistle) . Non persi s t ent aphid transmission 

experirnen t:::; i:;e re conducted <ls f ollows : usinc a onu.11 brush aphids 

\'/e re pl c..ced on moist fil tc:..~ paper in n ~)otri pL ::.te fo r prea cqui s i tion 

s tarr.;:;.tion ( optimal stu.rv~.t ion period determined in separ ate cxperin:ents) . 

Aphi ds r;ere then rer::oved in di vidu<llly and transferred to a detache d 

viru :-:;-infectcd lo ~.f un,ler 2 binocul a r r.ticros cope .::md allo\'1e d to probe 

for 20 s e conds . Probine 1;1as s topped by di sturti~: the aphid, gene rc..lly 

by touchi210 their antenn<lc . The,y r:er e then pl a c ed on r eceiver hos t s , 

c~eed for 24 hours and ~illed \'/ ith a n in3ecticide . 

i'hysj c:.::.l -nro1J rt ies in cru,le 33.P 

r11he '11 I P 1:1:.i.s determinP. d from centrifuged ( 10,OOOd10min) 

r:1c:. ceru.ted infec ted plant tissue in minir1u.l volume of dist illed water . 

C.:10 ml s:.::.."1pl es of thi s extract \'/ere pipetted into thin wal led 8x1 . 5crn 
tubes pr e',riously equilibr;:.."!.ed at approprici.te temper'1tur es . 'lubes 

r:ere incubated for 10r:ii n, ~.t 5C intervc.ls over the r:J.nce 50-90C a nd 

as..,aycd . For DLP detcr~:1inat i on the extr:ict::; were dil u ted vr i th distill-

ed ·11::..ter. r.ss<lys ·aere conducted usin[: h:D.f le:::..ves of C. guinoa or 

Phc..scolus 'Jul ;-.:-~ris 1 . ' Top Crop '. 

Electron i'.icros cony 

Hec~tive stainin:; : sampl es of pL:.nt tissue \'/ ere prepared f or 

e l ectron :;iicroscopy usinL'. the squ ash hor:1e~e n2.te techniq_ue of V!alk:e;y and 

.'.'ebb, (1 968). A seJJent of tissu e was r:-.:.. c or c.t tod 1·1i th a f ev: drops of 

negative at~in on a spottin~ tile . Thon e.. 300 mesh fonnvar-cc.r bor.-

coated copper s rid v:as held face down onto the mci.cernte for a few seconds , 

after which the excess s olution on the c::rid w·as removed by touching the 

g rid to filter paper . T: o c rids were scanne d ':Ii thin 24h of p repar at ion 
' R usine a Philips '"' ~-200'" electron microscope a t a m<:!.Gnification of 

c a . X20 ,ooo. Purified preri2.rations of virus \'J ere necatively stained 

usine a 1:1 r a tio (virus : atain) and ::;pr<:.yed onto the 5rids. 

Necative stains u s ed were 2~b s olutions of runmonium molybdate 

(ALI), phosphotun3stic a cid ( PT.A ), uranyl a cetate (U '!.. ) and ura.rzy1 formate 

(UF). The pH of tho various stains were adjusted using e ither 1M KOH 

or NR
4

oH . 
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Virus purification 

Differential centrifucation -:1a3 employed for virus purificat­

ion usinr; a So1~v ::cll RC SR centrifuge c:.nd a l.~3E Superspeed 65R ultra-

centrifuce. Detailed pro cedures o.nd methods are described f or each 

virus. Final purificCLt i on procedures u uing zone el ec t rophoresis 

(van Regenmort cl, 1964) and density gradient centrifugation (Brakke, 1960) 

were tried . 

Analytical ultracentrifueation and spectrophotometry 

'l'he number of sedimenting virus components and their sedimen­

tation coefficients were determined from cm appropriate ( 1-5mg/ml) 

concentration of virus preparation usinc o. 12mm sin5le sector cell in 

an .AnD rotor on a Be ckman :.~ouel :8R .::i.nal ytic:.il ul tro.centrifuge with 

Schli eren optics. Sedimentation coeffici ants \'1e1·c co.lcuL ted follov1-

ine the method of' 1.;arkharn , ( 1962 ) . 

U1/ absorption sr;ectra were obt:::.ined for dilut ions of viru s 
R 

prepar<.tions usine a P.Je Unicrun SP 8oO LJV spectrophot ometer . Virus 

concentration, Ji max/ min ancl A 260/280 \ i CTe clso cleterminGd ( lfoordam , 

1973). 

?.HA \'/as e}:tr::.cted f r om iurified viruc, u:.iir..::; the phenol-

sodium docle c:rl sulr;hate method of }'eden :::.ml Symons , ( 1973). In the 

prese11ce of 0 .3il sodium dode c;yl sulphate ( SDS ) o.nd C. 3Ll sodium acetu.te , 

10r.1g of virus was e:dre:.cted \'li th an equ ul volume of cold, water-

saturc.ted phenol (redistilled) a s pr epc..red by Rdph , ( 1967) . The 

o~ Lraction mixture was sh<:.l~ P-n vieorously _o:::· 10r.iin in a polyprornrl ene 

centri:fuce tube . The emul s ion WD.s brol. cn by c cntrifu:~ation at 12 . 000\;! 

for 5r.·1in , resul tine in a cl ::;..1.r upper ph:..se contQ.inine:; the Rl'l"A and a 

cloudv 10·:1er phenolic phc. ::; e containing protein . The upper phase was 

removed and 2 volumes o±' cold 951'~ ethanol w2s added together with a 

few drops of 111 sodium o.cefate/ acetic r..cid buffer I'H 5 .O. On stancline 

at OC for 20min the m\A becc.me flocculant arnl was then procipiated by 

centrifugat ion at 12,000_E for 10min . The lUlA. pellet was dissolved in 

1ml of distilled water a nd s tored a.t - 20C under 4.ml of 95~ ethanol plus 

a drop of the pH5 acetate buffer . Concentration determinations were 

made by measurine the absorcance at 260nm using an ext inction coefficient 

E = 30 
0 . 1 /~ , 1 cm , 260nm 
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Prep~ir2.tion of RHA st~mdards 

:Sscherichia coli (L:iGUla) Castel lc.ni ~:nd Chdmers ., ribosomal 

flHAs (23 .] c: .. nJ. 16S) ·;rnre pre pc.red from i::>ol<:?.ted ~ . coli ribosomes using 

phenol- SD::> m;A extract ion. 'rl1e riboso1r.e s \·.rere purifie d (Kurkl and, 

1 971) , as foll ow s : E. coli \'Ii.ls o btail.<;;J.. from :.: 2 1 it er 1 o;:; phase 

culture by centrifuc~tion a t 15,000_g for 1)JJin . The bacterial p3.ste 

obtainecl '<:us f rozen c.nd tl1:~\1ed in 10nl of tris buffer ( 10r:ill Tris, 3mi'.I 

. . . d d 10 . ' .. ' ('l ) succinic nc i , an nu .• :~c ~ ,., • 
• L 

'11h is then expressed through a cold 

f rench press at 8 .000-1 5 , OOO psi t i'tice i..:,Dd the resul tnnt cruJ.e e~::tract 

clc.rif ied. by centrifueation at 25,000_i,; fo r 30min. The cl a rified 

e x tr:.;.ct '.'12.s mr"de u :;:i to 10::tl with the t ris bu.ffer, c-:. t 4c, 2 .1 g rm4so4 
was .:,dded s l 0\'1ly Vii tr• s t irrint2; for 3min . This ':1:.i.s then centrifuged 

for 10min at 25 ,000.c_ c.nd the supern.::i.t a11t ret~.ined ::md a further 2 . 1z; 

·rn =-o "''iled <1 lov:ly c:..nd rccontrifur ed. 1 • 4..., 4 '-'-'- ~ ~ The pellet N~s dissolved in 

t!1e '11ris buffer and dfo.ly zed overnight '-~cainst 2 liters of '11ris buffe::-. 

!i'inally the ribosomes ·:1ere concentrateu by c01nrifu ,:<-.. tion for 2h c.t 

150J OOO[,, resuspended in 1ml of buffer o.n d stored frozen until r e .:uirou 

for -:un, (: :-:tr:tction. 

'l".•.ro other C':tr~cted £.I:. st::nd .eds , :rc: t liver ribosomll.l J.:r.~ 

( 2es :~ nd 1 Ss) ::nd r't t l i vc!' t:r::msfc r - m::. (4..J) •:; ere l:indly provided by 

Dr . J;:,•. 'i'v1cedi e ( :.:ll.s~::cy Jn i versity) . 

S.0S-polyacr;rl::-J:li J.o uol t!l Lctronhoresis of c;:tr:.:.cied :1Ir.A 

Gel pre p:.::::--.tion : :. .. ::;arone- :::cr:,.-lar.1idc co::iposi te .::.;els were 

prepared essentially c:.ccor·u).n'"' to Feacocl: ~md Linuo.n , (1968). ·I'he 

g el buffer consisted of 40i:J.: '11ris bo.se, 20rlli1 soclium a c e tate end 3IT'1-

disodium ethy 1 enediu.mine tetr3.-~cet u. te (E:DI'A) pl! 7 • 6. The aga.ro s e 

v1as melted in a buffer- 0l;; cerol solution using ;:i boiling water ba th, 

then e:1uilibrated to 40C ;,,:,long vii th u sep.:~ru.te flask containing the 

ac!"Jlamide, Bis 1 , TE.1ED, buffer solution. Both solutions were then 

mixed toc:ether with the co.talyst ar:~11onium persulphll.te and poured into 

quart z 0 . 8 x 8cm elass tubes . 

The poured tselo \'/ere allowed .to stand d 40 for 2min then 

polymerised. at :l:'oom temperature for 1h Gels wore then p.::i.rtially 

extruded from tho tubes usine a pipetta bulb , cut with a s calpel to 

produce a flat surface e.nd subsequently redrawn into the tubes . 

abbreviations 
Bis = N, N' methylenebisacr-yl anide 

TEUED = U, N, N, ' N' - tetramethylethy lenediar:iine 
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Prepo.ration of 8 t.:cl s ( 2 . 4,~ ;J.Cqlen1ide o .6;~ ar;:::.ro se) 

a~aro se s oluti on a~arose 120mg 

Gel buffer 14ml 

Glycerol 2ml 

acrylwnide sol ution acr;-/l::;rnide 48omg 

Bi s 48omg 

TZ.:::SD 20µ1 

3el buffer 4nl 

c<J.tcl ~rst .::.mr .o n i u::i-

persulphatc 12m.:; 

~le ctrophoresi::.: the .:;el bu1fer pl u::.; 0 . 3; ~ SDS w:.:.s placed in 

c..n electrophoresis vessel (l.desnik , 1971 ) '1.nd. pre)s run at room t emp-

erature as descrilied by Loenil'lG , ( 1967). Gels v1ore pre-electror;horesed, 

before ucldin;:; the RNA SCl.L1Illes, for 1 . 5h at 6m:::. per tube to c ive a fL1t 

baseline for UV sc~nninG • mu. s.::i.mpl cs i'/ere dilu~ed CJ.nd lciyered onto 

the eel s o..s f ollmvs : ec:.cL IL.~A s~lL'lple ·,.,.~.s diluted to a 1mG/ml concentrat­

ion in distilled r1ate:r , '.)0- 100µ1 were 1:-.L:.:ed \'tith J. sin~;le drop of ,elycerol 

then a 50-75µ1 sarr.ple o:: thi s r:iixture ( c r:. nLe.inin.::.; 20- 50 Pe of RHA ) W::ls 

layered onto gc~ch ~el . ·::i thin these ~:::A. sc:.":lpl es sevor<JJ. .!"tlJA standards 

of kDo'.·:n ~Jolecul c.r •::ei.::;ht ·::ere includeJ . 

s2r2ples , (one/:3el) props ·: ·ere electrophoresed f or 1. )b. at 4ma per tube . 

A vol tat_;e ca. 100V ,,·;:.i.s U ::JfJcl to r::u.int :iin this current as above this 

he :.;. tin[; of the z;el s occurred :.i.nd cause<.i :::n;). decr··.d:::.tion . 'i1 he e els \'tere 

scanned at 260nm , usinc either a Becl:m·:n:l ."..ctD. III G!_)C ctro;;hotometer 
D ., 

fitted '/Ii th :.i. De cJ.::.m:::.n"' 2 [;ol scanner o::- :J. Joyco- Lool,1-' Chromoscan . From 

the trc:~co obtc.::.nod on sc::rnnin:; , the m.i::r:.:.t ion ( cc) of ec.:.ch nHA -pe:ak i'iD.S 

me:;,sured . :~ stanJ.a:::-d c1u:ve v:a ,; construc-!:;od usin,~ tho mi .:;ration of 

stand.e..r ds (Lo,-; r.10l ecular ·::o i0ht versu s mic:!:'~ - ~ion) ::nd f rom this the 

molecular ·ueieht of each viral RN;~ species r:ns dc'!;crmined . 

I IDl!lunol O,'!J/ and serology 

1:").,T' 
.!l.L..1..l. 

Antis ens: pur i ~ied virus pr eparat ions (1 - 5me/ml in a serolo-

g ical buffer, were used .:i.c antigens . In .... octed sap w;;.,s also u s e d f rom 

the followin3 : sap from in:'ected; ChenoPod.ium guinoa , Cucurbi ta ~ 

'Small Su3ar 1
, Uicotianc.. clevel andii L., Nicotimm t::bacum L . ' '.Tuite 

Burley' . 

Appropri ate control s , namely healthy sap , purifie d preparat­

ions of heal t hy tissue 2.nd sap _rom pl c..nts infected with other plant 

viruses unrelated to C'-'V \'iere also used o..s control s in some tests . 

Antisera: wer e prepe.red by immunization of r c.bbits with 2- 3 

intrmnuscul ar injections , e:ich of ca . 5mc virus emulsif ied with Freunds 

Incomplete Adjuvant (Difeo 1JactoR) , e.t weekly intervds . These were 



followed by a 1Dl intravenous injection containing ca . 5mg virus, 

3-4 days before bleeding . Blood obtained by heart puncture was 

al lov:ed to clot f or 1h at ro om temperature and held overnight at 4C 

before centrifur;ation at 1 ,OOQ_g for )min. The sern obtained were 

stored vii th either 0 .02;:G souium azide and frozen or raixed with 1: 1 

c lycerol and stored at -20C . Other antisera u sed in this study are 

listed with source s in appendix 1. 

Seroloc:ical 'buff ors: several buffer::> were used in the 

serologic~l tests conducted. 

Tomlinson:;;; serology buffer/~SB (Tomlinson et al ., 1973) 

0 .051'.I K
2

HFO 
4

, pH 7 .8 with 5ml.I ED'I'A , 

Hollin~s serol oGY buffer/HSD (Hollings & Stone , 1975) 

0.0311 K-K
2 

phosphate buf fer pH 7.6; 

Phosphate buffered saline/PB S (Ball, 1974 ) 

0.o11I I:-K
2 

phosphate pH 7 .o with 0. 15~ NaCL . 
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Gel diffusion: Ouchterlony double diffusion tests (Ball, 197 4) 

were conducted in either 0. 75% or 0 . 9~~ Davis a.r;ar in one of the serolo­

logicd buffers with 0 . 02/~ s odium azide in 9cm pL .. stic petri dishes. 

Sever :il well po.t terns were tried, with a pattern of 6 or 8 peripherc::l 

1·1ells around a centr.::tl '/:ell, (all wells 4-5mm in di8Jlleter and 4-6mm 

ap~rt) ~onerally being preferred. Tests were conducted with several 

~nt isera dilutions ~nd incubated in high humidi ty at 25c. The develop-. 

ment of precipitin lines na.s observed .v1ii.h the aid of dark ground 

illumination and recorded over several days . 

J:.~i croprecipi tin: detorrnino.tion of prepD..red antisera titres 

by microprecipi tin tests (Hoord::i.m, 1973) 1·1ere cc.rried out using Cook e 

11icroti terR trays. One of the s erological buff0rs listed was used as 

a diluent · for two fold antigen and antisera dilutions. Volumes used 

were standardized as single drops from calibrated (tip diameter) pa steur 

pipettes . Appropriate controls, with a nd without antisera or antigen, 

normal serum, healthy antigen and buffer blanks were included in each 

test. The trays were incubated at 37C, covered with plastic film for 

4h, and results recorded using a dissection microscope with dark ground 

illumination. 

1 .2 ISOLATION FROM DAPHNE 

Cucumber mosaic virus isolate D (CHV-D) v1as obtained from 

Daphne odora Thunb. 'L eucanthe Variegata' flower or young leaf tissue 
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(Fulton, 1966) ground in Ya rwoods solution pl us celite by inoculation 

to Chenopodium quinoa 1.':ill (l. A second virus t c::ntativoly named daphne 

isometric virus - :? (DIV- 2/:i!'orster & IJil ne , 1975) \'1 as frequently present 

and in C. guinoa masked Ct V-D symptons . Separ a tion of C:.IV-D from DIV-2 

v:as ca rried out by several systemi c pas .~ a_'3es through r;icotia na gluti~ 

L . and N. Tabacum . 

1 • .3 HO ST n.,~ . .l·JGE 

Four isol a t es of ~~V-D were i noculat ed to s pecies from .12. 
families. Inoculum comprised C1IV- D infe cted tobacco le<:.ves ground 

in Ya r woods solution plus c el ite. The f ollowing hos t r eactions were 

very simil a r f or the four isol a tes of CE\f-D tested . 

Tetragonia tetrar;onoides (Pall) A. Ktze (NZ . spinach) : ca. 2mrn 

chlorotic local lesions (5 ·.iays ) be come n•~ crotic; faint systemic mottling . 

Amar e.nthus caud:itus L. 'Love Lies Dleeding': Irregular local 

chlorotic blotches (7 dc.ys) , d.:lrken to a red brown color; 1·1hi t e 

systemic blotches a nd flec~:in~ develop ( 15 d::i.ys) (Fie,ure 1). 

Celosia arr1enti a L . ' Forest Fire ': chlorotic local lesions 

2mm diameter (3-5 days ) r~:,;i dly codesce until , the \'/hole leaf becorr.es 

chlorotic; systemic chloroti c flecking follov1s (5- 8 days) developing 

into a striking mosaic. 

developed on occas ions. 

Local and systemic red ring l es ions also 

Gomnhr ena [jlobo s<:. L. 'Li ttle Euddy ' (c:lobe .'.1mamnth): 

occas ionally 2 nm loc:..:.l and. syster;n c r ed lesions developed more f r equently 

indis tinct chlorosi s and s;ympt omless systemic infe c t ion . 

recovered by back inoculati0n to C. auinoa . 

CA.RYOPHYLLACEAE 

Virus r eadily 

Dianthus barbatus L. 'Indian Ca r pet' ( sweet william): 

infrequent and symptomless infection; difficult to recover on back 

inoculation to C. guinoa. 

Dianthus chinensis L. ' Bravo': local chlorosis and mild 

systemic veinal chlorosis; recoverable virus concentration low in 

C. g,ui noa. 

Gypsophila ele.gans Bieb .: faint loca l and systemic veinal 

chlorosis, virus recoverable in low concentration. 

Saponaria vaccari a L. ' Pink Beuuty' ( co'i: cockle): mild local 

and systemi c veinal chloros is, virus recove r abl e in lor: concentration. 



CHENO PO DIA CEA.C:: 

Beta vulgari s L. 'Yates Early '1"io11der ( re d_ beet ): red local 

l esi ons (6 days ); systemic fle cking. 
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Chenopocliurn amar<.:.n-i.; icolor Co s t e n.nd Reyn.: 0.5-1mm chlorotic 

local lesions (4 clcys ) develop wi th pin-point necrotic centres (6 days ). 

Ho s~.rster:iic infect i on obse:::-ved or detected followins numerous back 

inoculations to C. ouinoo. . 

Ch0nor1odium quino:l ':!illd.: 1 l11r.l bri zht yellm·1 locd l esions 

(2-5 d::ys) r2pidly coal esc·3 when inoculurn concentration high ; systemic 

1 ight yellm·; .::hlorotic :flec'.::ing ( 10-12 d::ys ) and l c.:::..f cur ling (Figure 2). 

Spin·.i cic.. olerCLcc~. L . ' Royal DerJ.J:1ar k ' (spinach): 1-2mm 

chlorotic locc..l lesions (6 d;.;.ys ) coal esce; sys te1:1ic intervoin~ chlorot.ic 

rines :..ad line patterns ( infrequent) . 

CGirc...:ITX..:. 

C~lendul:i officin:1l is L. (calendula): chlorot ic local lesions ; 

cyrnptoGlless systemic infec~ion . 

Lu.c-tuca sati v:::. L. 'Cal mar' (l ettuce ): locc.l chlorosis ; 

systei:-iie r,ot t line and veinc;.l ne cro s i s . 

Sonecio cruentus D.C. (cinerari::) : loc<ll and systemic mottle 

or syr,1T>tornl ess infec-~ion . 

Zinnia elegu.ns J etcq . 'Cactus flo'.·1ered ': syr:rptomless local 

infection ; systemic mo3aic .:.nJ. chlorotic fleckinc . 

COlf'IOL 'fUL}_C.:::.8 

Ipomoea leptuphyll~ Torr . (mornin.:; .:;lory): local chlorotic 

bl o tches ; systemic nosaic . 

CRUCI FERAE 

Ar::?.bis sp .: symptomless local c..nd systemic infection, virus 

r ecoverable in lov1 concentr:J.tion . 

Brassica ol eracez~ L . var capitata ' Drumhead ' (cabbage): 

local and syst emic symptomless infection, low virus concentration 

recoverable in C. quinoa . 

Brassica pek inensis (Lour ) Rupr . ' Chi Hi Li' (chinese c.:.bbage): 

local chlorosis ; systemic i nf ection not det ected by back inoculation 

to C. qujnoa . 

llatthiola incana (L ) R-Br . (sto ck ): symptomless local and 

systemic infe ction virus recoverable in l ow concentration. 

CU CURBITACEAE 

Ci trullus vul gari s Schrad, ' Golden Honey' (watennelon): 

chlorosis on inoculated cotyl edons; no systemic infection . 
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~~curnis sativus L. ' Pol aris' and 'Crystal. Apple' (cucumber): 

3-4rnm local chlorotic blotches ; systemi c chlorotic fle cking and 

veinaJ. chlorosis (Figure 4) . 
Cucurbi ta ma .• xima Duch . ' Buttercup 1 and ' Butternut' (pumpkin) 

faint chlorotic lesions on cotyl edons ; systemic chlorosis, on occasions 

chlorotic blotches and leaf curling. 

Cucurbi ta ~ L. ' Small Sugar' (pumpkin): 1mm chlorotic 

local lesions on cotyledons (5 days ); systemic chlorot ic flecking and 

severe mosaic develops vii th nec -:·ot ic flecks (Fi,c;ure 5) . 

11o:nordica balsanina L. (balsam apple ): chlorotic local 

lesions 2-3mm (4 days ); systemic chloretic flecks , blotches and rings 

(5-7 d~s ) followed by conspicuous systemic mosaic (Figure 3). 

Ocimum basilicum L . (basil): mild local chlorosis; sympt om­

less sys temic infection. 

LEGULiIUO SAE 

Dolichos biflorus L.: syr~ptomless local .:.lnd systemic infection. 

Phaseolus Vul ~aris L. ' Top Crop ', ' Prince ' and ' Red Kidney ' 

( french bean): pin point chocol ~te necroti c local lesions, most 

frequent autunm and spring months ; syc1ptomless syste1;ii c infection was 

detected occasionally on back inoculation to f.· auinoa . 

Pi su."!l se.tivurn L. 'Greenfenst' cmd ' Bonneville ' (garden pea) : 

2- 5mm irregular chlorotic and necrotic patches (5 days ) on inoculated 

leaves, also local veinaJ. necrosis. The top half of systemically 

infected leaves becomes chlorotic , front effect . 

Vicia ~ L. 1 Coles Early Turn.rf ' (broad bean): 1mm chocolate 

local lesions or larger 3- 4mm brown bl otches and rines appear (4-5 d.eys); 

symptomless systemic infection, virus recoverable in high concentration 

on back inoculation to f. . ouinoa. 

Vign.a ungu i culata (L) Walp, subsp . cylindrica (L). van 

Eseltine ex Verde. (catjanc) : 1mm brown local lesions on primary leaves 

(4 days); faint systemic mot tling . Virus readily r ecoverable from 

systemically infected areas in high concentration. 

Vigna unguiculata (L). Walp. subsp . unguicul ata 1Blackeye 1 

(cowpea): 1-2mm chocolate l ocal lesions (5 days ) on primary leaves; 

systemic mottling. High concentration of virus in systemic infection. 

NY Cl1AGINACEAE 

Mirabilis jalapa L . (four o'clock): local and systemic veinal 

cblorosis . 



POLEUONIACEAE 

Phlox d.rwmnond.ii Hock . (phlox ): local and systemic veinal 

chlorosis. 

SCRO PHULARIACEJ~ 

Antirrhinum majus L. (snapdragon): local chlorosis, virus 

recoverable from systemic leaves in high concentration. 

SOLAN.AC:'.:"~AE 

Caps~cum frutescens L. ' Sweet Ca.psicum 1 (tobasco pepper) : 

11 

L .rge ca. 5rrun chlorotic blotches (7 days) inoculated leaves 

subsequently be coming necrotic along vei ns ; systemic mosaic follows . 

k:. tura str2.monium L. ( jimson woed) : local chlorotic rings 

(7 days) r apidly become necrotic; systemic mottlinc and subsequent 

1 eaf s traVi1ing. 

Lycopersicon esculentum 1Iill . 'Potentate ' (tomato): mild 

chlorosis 10cally and systemically . 

Nicotiana cleveLrnd.i i Gray. : diffuse 2mm local lesions 

(4 d..::i~rs ) lder encompassing whole leaf; systemic chlorosis of 

interveinal are<ls and stun tine follows . 

3.1 so occurred . 

Etching and oak-leaf patterns 

lJi..:ot ie.m dcbneyi Domin : chlo rotic local lesicns (5 days); 

systemic bri;3ht yello>'I mos<iic (9 days) r1i th leaf strapping , curling; 

subsequently, chloroti c line patterns anCi. pin point necrotic les ions 

fo rm ring and line patterns along the .leaf veins . 

liicotiana slutinosa L.: chlorotic local lesions (5 days) 

later enveloping whole lea.1. ; systemic chloroti c rincs, flecking and 

mo~ai c (10 days). 

Ni cotiana glutinosa x 2· clevelandii (hybrid) : local 

chlorotic blotches; systemic chlorotic f leckinz and bl otches with 

veinal chlorosis following . 

Nicotiana rustica L. ' Pavionii': faint chlorotic local 

lesions (5 days), whole leaf later chlorotic; systemic chlorotic 

flecking and mottle. 

Nicotiana sylvestris Speg and Comes: faint chlorotic local 

ring lesions and systemic mosaic. 

Nicot i ana tabacum L. 'Burley 21', 'Havana 423', 'Samsun1 , 

'White Burley': chlorotic local lesions 2-3nn:n (4 clczys) followed by a 

range of symptoms includi ne necrosis; circular lesions, etch patterns, 

oak leaf patterns and target lesions; systemic symptoms were also 

diverse and variable includine; striking mosaic, chlorotic line patterns, 

necrotic oak leaf patterns and raised green islands with chlorotic 



mareins (Fieure 6). 
P0tunia hybrid.ia. '·film . ' Rose of Eeo.ven ' 3.nd ' Rosy Lforn ' : 

chlorotic local lesion::; (3 J.o.ys ); l e~ tf be comes bri,sht yellow as 

lesions coalesce; systemic mottlinG and c:hlorotic fl e ckins, 

occas ionc.;.lly necrosis. 
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Phy sc..li s franchetii Lfo s t.: loccl chlorotic lesions quiclr.ly 

forming 2- 3mm necrotic rinc lesions with VJhi te centre s anu dark 

irregular, somewhat stClr sl ' "r'ed mu.re ins (ll'icure 7): systemi c mottl inG 

'.'Ii th virus recoverable from systemic tis sue in lo'. ; concentration. 

Sol a num melonc ena L . (Ec;g Pl ant): few 6-7rm.1 chlorotic local 

blotches ; systemic mottlh1c; with virus recoverable in lo\'/ concentre>.tion. 

TROPAL"'OLAC:E: .. ".E 

Tropaeolul.1 majus L . (nasturtiur:1 ): f :: int chlorosis or symptom­

less infect ion virus recoverable from systemic ti ssue in low concentra tion . 

UlffiELLIFSHAE 

~ Q'c...VColens L . ' Dulce DC ' (cele1:,r): chl orotic mottlin~ 

o.n1l veina l chloros i s , vi ru ;; recove rabl e systemic ti s sue . 

The f ollowinc pL:1t ~ S Vie re not al l e to be in:'e c"ted vi i th i s olat e s 

of C: .. I - D: CCJ.11 i st~hus d.5 nen s is (1) Ne es . (Aster), Ilcl L.J.nthus aruius L . 

( sunfl o'!ler), Fhacel i a mi nor (Hm1.) Thell. , s~.:..l vi o. 11:~tens Cov ., Ti thonia 

s pecios a Hook . 

I s oL.1tes of ~.1V-D coulcl be di ~ tincuished : ram Darihne C".t.'. V- C 

(common typ8) isol e..tes by t he syst e:mic irti'ection o:'.' e.. number of hos t s 

n<~mely ; .Q_. ouinoa , D'J1.ichos biflorus , t :omordic<:. k :l sar:ri.na , Vicia f aba , 

Vigna unPuiculata subsp . cJ lindrica , vi r~ ~l U!\,..""'Llicul at a subs p . unc;uic-

ul ~ ta ancl Zinnia eler,a ns . In .Q. quinoc, , i.lomord.ic~ bu.lsamina and Zinnia 

elegan::; ClJV-D produced cons picuous systemi c symptoms in cont ras t to 

CllV-C isolates which only yroduced local i s ed infection. In the legumin­

ous hosts Dolichos biflorus , Vicia faba Vir;na un,r;uiculate subsp., gylind­

ti.£e. and subsp ., unf;Uiculc:'. tu. , inf ections were either l a tent or produced 

only mild symptoms; however back inoculation to .Q. g_uinoa revealed high 

concentrations of ~~V-D. In contrast C"~V-C isolates did not cause any 

systemic infection in these legumes. The systemic infection of C. 

guinoa by C1~V is not a common phenomena but has been previously recorded 

(Barnett & Baxter , 1974). Systemic in:ections of l egL!!Einous hosts are 

characteristic of legume isol ates of c:r.~V (Bird et al., 197 4) but have 

also been recorded f or an i solate of ~~V f rom :SUonywus japonicus 

' Microphyllus ' (Barnett & ::3axter , 1974). Definitive hosts of CMV in the 



13 

rd s:: 

l' 
S::' 

·~ 
"<.) 
(., 

c: 
u 

-; ::r 0 
~ 

0 
rj ,_, 
·c_, 
() 

(:. -' 0 

0 
r ,. 

r J C ' 

~ 1 
:. -1 '-, .. ,., 

0 

-~~ I r 



14 

~...,...,....JT'"I'''" "1 
.._ ·-- r1...-.i.L.• 
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Ti'JGlmr 3. Systemic chlo otic ::'lccl:ing 

in I.:omordico. bC1ls:::.rnino, 

induced by CI.'.V- ] ( 7 days ). 



..'I'iUlC , • S;:;:::;te::-iic ve:.nd chl orosi ~ c:.ntl 

:'le:c' .inc.:; in 8uc·n::i~; .;~.ti vu. j 

· nU.1ico.~ l -

• 
1-:::GURE 5. Syster.iic mosaic c::.ncl veincl 

chlorosis in Cucurbit~ ~ 

' Small SucG.r ' produced by 

Gr11V- D ( 10 dc::.ys) . 
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FIGUIE 7 . 

::..,oc l 1 ... ,. 
,,; 

Irroyl.J.r- shc:.pcd recrotic lcsic m; induced on 

c::v- D inocul :.:.~ed :'.°hy:::;c.lb :'.:'ro.nchotii leel.f . 



Cucurbi t aceue and Sol a.nacec.e rea ct s imiL :r l y to all Daphne Cl.IV 

i s olates tested in t hi s s t uJy. and in a cco:::-dance v1 i th rec:.ctions 

: or o the r C:~V isol o.tes (:!3Etr:1e t t & Bo..."X:ter , 1974 ; Bho.rgCl.va , 1951; 

Brjerley & 'l'r,<wis , 1958 ; fr ice , 1940). 

:Oo t en.1 i n: 1.tion of' optirn.:i.l starvo.tion pE.: r ioU. : an experiment 

v1:__s cond.ttc-:ed to deterr.:in0 thn cLJt imal p::::·e; :..c •1ui s i ·s ion ::it3.rva tion 

period for the c..:.phid.s Eyzu:; ne rs icao a n<l :.:acrosivhu.11 ou nhor b i ae . 

Aphid., .1ere pl.::.ced i n petri dishes on moist fi l tor 1,;iper ancl s t a rved 

fo r 0 .5, 1, 2h c.nd overni c ht periods . Aft er e c:.ch period tv;en t y aphicls 

were l,L1ced on de to.ched l e nves and exc......d ned wi th c:.. binocular di ssect i on 

rni cr0~, .0pe; ten aphids Y1ere pl a ced on a det.:::.ched l eo.f of S. oleracea . 

? re- probe tioes ·.-·e r e re cor,led f or eacJ:: aphi d n.ncl sirnH ar inf ormation 

r,·~s r ecorde c_ fo r ten aphids on !·~ . t abc:.cum ' Havana '. 'rhe durat i on of 

the first probe was al s o timed . It ~vas found botb aphid s pecies 

beho.'1oil ofriilarl y ; after G . 5h star v:.:.t ion t!-le f i rst probe occurred 

r1 ithir1 5- 20sec ; c...fter 1h tho first pr obe i·1as u sutlly i:; i thin 1min; 

c:.fte r l on.:.;e r periods ( 211 <-:.ml overnight) c__~ph icls 11ere very restless and 

did not probe relLi.bly vii thin three minu-~0:3 . S. Oler~cea leave s were 

found r .. referr::i.bl e to ' I-Ia v~nLl ' '-'..S the 1 a.cl. of 1 eaf hc. ir::i e ,...;.bl ed the 

u.phids t o settle more r oc:dily and find a. s ite t o r robo . 1~ . euphortiG.e 

probed reli c:,b l ;y for 20sec :::.::'ter 0 . 5h stc:.rvo.tion , then 1·; i t hdre\'/ and 

moved on , ·,·.rhi l e l'. . pcrsicao usu:.lly pro'Lcd for o, lonccr period. For 

tre.nsr:ii ssion e::-::perirnEmts it ''ias de c ided to s tnrve t oth .::i.phi d species 

f or 0 . )h ; o.ft e r 20sec the !'robes were i1n err upt ed by touching t he 

antennae , al though this \'/u.s cener ally no t re c-~uired for u_. euphorb i ae_. 

nosul ts of non p0 .·sist ent aphid t r ansmi ssion ex periment: 

three experiment s i'iere conducted with Cl:1J- D, tv10 using g,. pe r s icae and 

one u s ing g. euphorbiae . In all cases the identity of the transmit t ed 

virus was confirmed to be C':V- D by definitive host inocul ation tests . 

Within 15 dcys local and syst emic symptoms were observed in all the 

i nnocul ated ' Havana ' plants . In the second end thir d transmis s ion 

experiments !:!.• persica e and g. euphorbiae Vi e re u s ed respectively . Ten 

aphids of the one s pecies \'Jere transf erred after 20sec probes on det a ch­

e d CT>IIV-D i nf ect ed s pina ch l ee:.ves, to ea ch of t ·:; o ~- oleracea and t wo 

' V/hi t e Burley' tobacco pl an-Ls . In the ex~)erir..ont with M. nersicae al l 

pl ant s became infected, while i n the experimen t 1·Jith g. euphorb i a e 

both S. ol e r a cea plants and only one 1\lhi t e Burley' pl ant became 



detectably infected. 

The transmi s sion of CLIV-D in ~ non persist ent manner by_!. 

ouphorbi ae and ll . per sicae is consis tent with that reported fo r m:v 
(Kennedy et .'..1.l., 1962). 

1 .5 PHYSI CAL PROFSHTIES Il f CRUDE SAP 

The thermal iruct ivation point (TI P) of Ci:V-D in crude sap 

from infect ed }J. rustica l e::i.ves assa;yed on _Q. ouinoc. ·,·1as 60-65c. A 

dilu tion end po int ( D:S.P) of 10-3 \'ias obt:iined from systemically 

infected ' H.'.l.vana ' tobacco c.ss~ed on ' Top Cro p ' bean . 

These resu1 ts are consistent \'Ii th those reported f or CL:'J: 

TIP of 50-70C , DEP of 10-3 - 10-5 (Gibbs & Harrison, 1970) . 

1 • 6 ~"1.. vc'l'.S.'ON l .~ICRO SCOI'Y 

Nofative 0Lainine of infec~ed pl a nt ti ssue 

Usine the s q,uash homo.:;enate no~c:.tive stainin[; t echnique 

( 1.'lalkey & i.':ebb , 1968) small i somet ric p~~rticles ca . 30nm could be 

de tect ed \'1ith e i ther phos r,hotun,-~:.: tic a cid (r•r.:'i. ) riH ,.~ . o or a 1:1 

r:iixture of umr:1onium molybd.::c ~ e ,;iH 5 . 3 ~d i~hosTihotunc:>ti c a cid. pH 7 .o 
C•H o: mixtur e 5.5) (Denne t t , 1975). ..:'c!1111onium moly'b u:-i.te pH 5 . 3 al one 

had _zood spree.ding but poor contru.st i 110 j.J:cope rti c:> r1hile PI'~ at 10·;1 er 

pH ' s ( pH 4- 5) contr ~.;:;ted '.:ell but gave .tioor spreadi~ . 

Pl'A i s known for its disrupt ion of Cl.IV p:.Tticles o.rlll t his, to3ether 

with i ·~ s poor spread.in:.; pro~;erties , made it inG.ppropri .::i.te to u se clone. 

A 1: 1 mixture of ALI and P-r," , proved a satisfactory cor:i.promise. 

Duo to the hetero__;c nous nature of squ ash homo.senates f rom 

daphne flower and leaf ti ssue , Cl.!V- D wus difficu1 t to resolve in this 

host . Hor1ever in s everal i nocul a t ed herbG.ceous hosts including C. 

1uinoa, cucumber, mooordi c~ a..~d several tobacco s pecies G~V-D particles 

were more re~dily dete cted. 

Negative stainine; of purified virus prep;irations 

Negat ively ste.ined purified prepartions of CL"V-D were e xamined 

in the electron microscope t o obs erve contrast, spreading and disruptive 

properties of several stains . The effects produced were observed in 

rel at i cn to s everal factor s : the negative st'"'in used, its pH and the 

pr esence or ahsence of a. fixative or chelatin~ aeent in the buffer used 

f or resuspending the purified preparation . 1.'/i"~h this infonna tion a 

procedure was standardized t o elucidate t he qu n.lity of virus prepar a tions 
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VJ ith respect to the number of intact pr.rticles and the relative 

concen-~ ration of pLHlt protein contaminants ( ii'
1 

protein) (van Regenmortel , 

1966). 

There are sever:..i.l earlier reports notir..e difficulties vi th 

ne.:;ative s t aining of C'.r.:V . ::.:urant (1965) found poor contrast and 

disruption of mn.ny C':::.'J :part icles in PI'A pH 6.o, while Francki et al., 
(1966) observed penetration and disruption of particles in FTA pH 7.0 . 

n the an~lytical ultracentrifuge Franck i et al ., (1 966 ) also observed 

the dis ruption evidenced t y the broadeninc of the noTiilal homogeneous 

sincl e s edimention pe;J}::: of CI.Iif-1~ strain preparations in PI'A pH 7 .o. 
The cli::; ruption of virus p2.:cticl es by neutr<il PI'.\. hc.s been observed with 

other i cosa.'ti.edral viruses including arabis mosaic (Hurant, 1970) and 

c <.: .::ro t mottle ( t~urant et al ., 1969). :;)ifficul ties 1:1 ith virus parti +::le 

dtsp0rsion has also been reverted for several negative stains with Cl~V 

amt other viruses (Brenner & Ho r ne , 1959) • 

., ,veral su 35estions have been proposed t o overcome these 

clifficul ties . The use of f ixatives to fo.cili t <:tto ::itc.ining of C!IV h3.s 

been r,) cocr.~ended . Francl~i et al., (-1 966 ) used the :'.:ixative osmium 

t etro:dde with the necative stain uranyl ::.cetute , and 1:1.ter formaldehyde 

r::.is u:;ed as a fixc. -'.:ive with PI'!> 7.0 (Frc.:.ncki & K:bili , 1972) . It was 

postulated that the disruptive qud i ties of negative stains on tobacco 

necros is virus i'1 ere simply a pH effect ( :?inlay & Toa.kle, 1969) and 

therefore low pH negative s -::; 2. ins v1ere . r ecom:oended r ather than neutral 

pH ones . Ho1.vever the st£?.bili ty of CMV in ne3ative stains appears to 

invol ve more than just a sim~le pH effect . §orster (1974) and 

Tomlinson et al ., ( 1973) demonstrat ed th::t the chelating agent di sodium 

ethyl ene diamine tetra-::i.cetde (EN'A) had a marked beneficial influence 

on particle stability in the presence of s ome neutral pH stains. 

Tomlinson et al., (1973) observed that EUI'A prevented disruption of CliIV 

particles in neutral All but not in neutr~l PI'A • However in the absence . 
of ED11A broken C1fv particles were also found in neutral .AJJ: . 

To overcome dispersion problez:ns with virus particles in 

negative stains on electron microscope grids, the use of wetting agents 

has been proposed. The most commonly used is bovine serum al b'uroen (BSA) 

at a concentra tion of 0.5% mixed with the virus preparation before 

staining and grid spraying (Valentine, 1961). Other wetting agents include 

sucrr ~ e , glycerol, propylene glycol, Triton X-100 and sodium dodecyl 

sulph~te. More recently hacitracin at a 50µg/ml concentra tion has been 

used, and good s preading of virus particl e s has been obtained with five 
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comnon ne3ative stains (Gregory & Pirie , 1973). Virus spreading 

difficulties may also be overcome by manipulation of the stain: 

virus r ati o. Brenner & Horne (1959) noted that satisfactory 

spreadin_; of virus particles on electron microscope t;rids v1as dependent 

on the ratio of specimen p:::.rticle concent r at ion to embedding materiai 

concentration . 

Not unexpectedly , problems in Ill3.intainin0 the structural 

int e~rity of CLIV- D prep<.lro.tions in ne.:;<l.tive stains \'1ere experienced. 

In the a.bsence of E.D'.!.1A, C~.V-D particles were completely penetrat ed and 

disrupted by both PI'A pH 7 . 0 and pH 4 . 0 in .AI.: pH 5. 3 broken particles 

also occurred (Figures 8 & 9) . The fix'..l.tive fom.:i.lrlehyde at 0.5~ was 

test ed, but a l thou3h particles were ste;.bilized in ?I'."· pH 7 .o dispersion 

Of particles on the z rid \'l.J.S poor . These difficulti es were not entire-

ly prevented by the .'.1ddition of BSA, SD3 or baci trc.cin ;'1et tine agents . 

Fal10·11 in3 the experience cf Forster (1 974 ) and Tomlinson et al ., (197 3) 

E.i1I'A was incorporat e d into the buffer u sed in tho purific.:::.t ion of GJ.'.V- D. 

Furified preparat ions of CI.;1J-D were re suspended in ) m?J oorate buffer 

pH 9 . O v1 ith several l evels of EDTA (0, 0 .5, 1 a nd 5r.~.: ) and negatively 

s tained using sevoro..l ne~~--~ t i ve stains i ncl udin.:; : :J.~ pH 5 . 3, Pl' . ."\. pH 4 .O 

and pH 7 .o, u rnnyl forma t e (UF) pH 4 .o, uranyl acetate (UrAc) pH 4 . O 

ei.nd a 1:1 d.1 pH 5 .3 : ITA r)II 7 . 0 mi xture . The r esults of thi s ex.p:lri-

mo nt c:.re summarized in 'l'nble 1 and in F::.._.rures (8 & 9). 

TA.BLE 1. The effect s on Cl'.:V-D particl e stability o several 

negative stains and different ED?A concentrations. 

====================== === =============================================== 

Negative stain concentr~tion of BDTA 

Om1I o. 5m1:! 1 r.i1I 5mM 
ALI pH 5 .3 B B s s 
PI'A pH 4 .0 B s s 
PTA pH 1.0 u u u s 
AU pH 5.3 & 
PTA pH 7.0 (1:1) s 
UAc natural pH s 
UF natural pH n 

J 

============================== ========================================== 
S stable (9o~i particl es intact); B = broken (751~ particles intact); 

U uns t able ( 50?~ particles intact). 
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Although the resul ts are not q_uc.ntitative the experiment was 

repeated on several occasi ons using puri f ied preparations of CMV- D 

G.nd sir:, ilar results v;ere obtained . 

These results inJ.i cated that the more disruptive the negative 

stain the higl:or 7-he concentration of E.Jl'A required to stabilize ChlV-D 

particles i.e. v1ith 1-TA piI 7 .o, 5mM Elf::_', is required to stabilize virus 

particles compared to A1! 1;H 5 .3 where only 1rn11 EDI'A is required 

(Figures 8 & 9). 

Further to these results it was found th:.:.t Al! gave excellent 

di s per"'ion of C~V-D pr~rticles on electron microscope grids whereas Pr.A 

stains r esulted in poorer cpreading and UrF or UrAc resulted in extreme­

ly poor spreadine . '.7here virus particles dispersion was poor a wetting 

acen"c (0 .05/b B3A or bacitrc.cin) was added, or the 1: 1 ratio of net;ati ve 

., tain to virus prepar :::.tion was diluted ;. i th distilled water . Some 

ioprovement in ct::V-D dispersion w~s observed on dilution but neither of 

the •::e t t in,3 acents proved of value. Hi r;her spr:::.yinc pressures (>25psi) 

wd 8prayir10 at closer ran . .=;e s to the :STids ':.'ere tried, as well as post-

s t a ininc of unstained, sprc::.yed preparat i ons. These methods did not 

in:prove r c oul ts sufficiently to warrant their continuation. 

F'rom the r enul ts obtained it v:.::,s decided to resuspend all 

purified preparations of c:.:v-il in ED11A ... nd examine in the electron 

microscope using the negative st:iin ammonium molybdate pH 5.3 :E:xcell ent 

contr~,st and sprea.ding was obtained rel i:.. .. bly und repeatedly . Particles 

remained intact and the presence of F 
1 

i;rotein could be determined 

\'/here u.nd when it contami n~:.ted the purifie d virus preparc..tion. Unlik e 

the results with squash ho:. ogenates, All does a ppear to g ive sufficient 

contrast with purified virus preparations and consequently the presence 

of PTA is not required. 

Because the cation environment around C1.iV- D particles diff ers 

markedly in purified prep~rations compared to squash homogenates it is 

not possible to critically compare the two in relation to negative 

staining . However by ignoring the cation environment some guarded 

comparison is possible . The negative stain mixture Ahl : PrA 1 : 1 which 

proved desirable for squash homog~nates of CllV- D infected tissue , disrupts 

CMV-D particles in purified preparations . But the level of disruption 

observed with atainod purified virus preparations wa.s only small ca . 

10-20% breakage of CMV-D i)articles . It is quite probable some CHV- D 

particles in s quash homogenates are disrupted by the AM: Pl'A mixture but 

the number of particles would be of minor significance . The staining 



22 

techniques v1ere develoyecl separ£~tely to suit the re(].uirements of either 

sq_uc.lsh homogenates of purified virus prepar ation . 'l'he mixture AM : PrA 

v;as not chosen f or purif'i8d virus prepc...rati cns in :SDI'A buffer because 

ade.:u<-'.t e contr:.i.st v1as obt(:ined u sine ·\.J.~ :J.lone. 

A hypothecis fo:.: the ob s erved rcq_uircr:ient of :Sm'_\ in ne rsctive 

stained (;~~V-D purified preparations i s outline d: 
') . 

Frot ein s rec1uire divalent cati ,: ns , in pnr'ci cul ar L:z'-T (Ger .::;ely , 

19G6) to r.1a int:.iin n tertL_,ry and q_uaternary- c onform~:t ion. Ho\·1evE;r the 

presence of excess di v.::.:.lcm ~ cations m<:.y r-esul t in bindin L:; bet'/:een the 

sepc.:.rate protein entities t hemselves and thus precipitation \'Jil l occur . 

Such o. preci pi tate hov1ever is readily soluuil izcd by the removal of the 

divden: .:;ations :..ml u :se has been made of this in r-1u r i :::' icut ion of plant 

viru:.;es (Dunn & Hi t chborn , 1965) where chelo.tin.::; aeents such as :Sre'.A. 
'"> + 

3.re used to remove tho I.!r_;~ ca tions, t hus f:.:..cili to.ting t he resuspension 

of tr.e virus precipitate . The llc2
+ ions within proteins can be repl a ced 

: y other divalent cations or even monov~:lent cat iorn> where the l atte r 

are in cre~t exces s . Hcrlacement of C.i val ent cc.:. tions by monoval ent 

ca·ci ns Jccs not ho1::cv .:; r r:1J.int:.i in protein conforo~.tion as monoval ent 

c.::rt.:..ons cannot bind bet\';ccn t·:10 sepc..ra.tes i tos . 

ue.::;ru.dation of ';'..'.V by monovalt"mt io ns ks been reported 

LJ.IJE:r ct CLl., ( 1965) f ound disruption of cr:. ~1 by KCl and 

Gibes and Ea!.'ri s on ( 1970) empho.sized the 1)rotl em o:' non specific 

prt:c!pitation ty lfa81 in :"erolo,zicill'tects . Fri.' .. ncl:i et al ., ( 1966 ) 

1 il:e;1ise found CIJV- Q destc.bil i zed by monovalent ions f rom Li Cl . 

The neca.ti ve stain P:::'!1. i s pre~~ :.rcd f r om its poto.s ium sd t 

nncl i -ts pH i s u sually adjusted by potas.,ium or sodiun hydro~:ide . It 

is therefore hypothesized that FTA as a n e,s<J.tive stc:.in caus es an e:cc es s 

monovalent ion concent rat ion around virus particles , replacing divclent 

cations and destabilizing t he coat , re sultins in disrupted particlGs . 

PI'l. pH 7 .o has a greater concen tro.tion of free K+ ions than FTA pH 4 .0 

thus PTA pH 7.0 is more disruptive . The pH effect as proposed by 

Fin18iY and Teakle, (1969) t herefore appears t o be due to the availability 

of disruptive cations at clifferent pHs . All has a lesser ability to 

destabilize virus particles than PTA because ammonium ions do not compete 

as well as K+ ions at divJent cation replacement . However if the virus 

preparation is resuspended in an adequat e level of the chelating agent 

EDTA before negative staining , excessive monovalent ion concentrations 

are removed thus lenvint; t he Mg2+ i ons f irmly bound \'I i thin the tertiary 

or qu~ternary protein structure . The virus particles within the prepar-
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ations the r efore remain i ntact . The inefficiency of :EDTA i n chel at-

ing monovalent a s compar ed t o divalent cat i ons v1ould neces sit a t e a 

reasonably high level of :'..:DTA to stabilize the cups id of CI.~1.r, e . 3 . 

Cl~V-D prepar at ions require 5ml'. EIJI'A to ste:.bilize virus particles in 

the ne,c:;;1ti vc stain ~'I'A pH 7 .0 . 

l'ar t i cl c mornhol OL:Y and ;;:i ze 

I sometric p~rt icles v:ere observed in several innoculated 

hosts and purified CEV- D prepc:.rations, )0 p::...r ticl cs stained i n .~.I 

had an avera~e dirunoter o: 29nm . 

These results on electron microscopy of Cl~V-D are no t only 

in accordance vii th those reported for C. ! but more f ully illus trate 

a re1 .. tionship b etween c;.:v particle di sruption , ne:.:;ati ve stains and 

chel at in0 agents . 



?IGVFIB G. Puri:::icd prerara-tions of c:. :·1-D 
' d . ( ) o~v -DT ~ /r.:: n re suspenc.e in a .:11 ........ ~.1. )r:li .. 

borate buffer i)H9 .o (b ) 1:~~ 

~DI'A/5ml1 boro.te buffer pII9 .O, 

necatively stained cy ar:i..~oniur;i 

molybdate pH5 . 3 (l.Ic.::; . 166, 500 ) . 

Observe the .:;re~ter level of 

di s rupted virus particles in the 

suspension v1i thou t I:DTA . 
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FIGUTI 9. CI.~-D purified pre~::r::r~ ions 

:resuspended in )d.I borate 

buffer pH9 .o ,.,.i '!;h (ci.) Oril: I:IYI'A 

( b) 1 mt.: Err=' A ( c) 5n:.: ~ID'.~ , 

necat ivoly s'!;~inod by phos­

photuncstic a c id pII7 . 0 

(:.:a3 . 166 ' 500 . m)serve tho 

incre~i.scd s tu.li il i ty of Gr.IV- D 

particles vii th incre'1sin0 I;DTA 

concentr~"tion . 
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1 . 7 PURIFICATIOU 

A prerequisite to detailed virus cha r acterisation is a 

relia~le puri fic~tion procedure producing homoceneous infectious 

prep::rations. Nwnerous ~aethods have been reported for CMV 
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puri fi c~ .. tion includinc tho s e by : Hollin_ss (1968) ; Lot et al. , (1972); 

vnn ~~e;3erc1ort cl (1 96,:~ ); Scott (1963) n.nd rro:nlinGon et al. , (1 973) .:ind 

in p:trt these: di~fercnt procedures have been develope d because of 

prolllmns ·::ith virus 'instab ility ( li'ranc~~i et al., 1966) • 

.ic :rurifico.tion procedure for C:.:V-D \l/i..~G developed enc..blinc; 

f urther cl1<.:.r•.cteris<.ction o.nd compa rison \'1 ith d o.:;:ihne commor. cr.:v (CI.:V- C). 

3cverci.l aspect s of a puri .:::'i c~tion F 'oceclure for 81.IV- D v;ere exo.minecl , 

ic1cl11dir1<".: : virus s ource; extrilction rr:cdium; clarification ; virus 

pre c ipitat i on ; r esu spens i on meU.iwn and furthe r .;:urif ica.tion . Analyse·_, 

of homo6enei ty of final prepa ro.tions were i:1;:de \'lith respect to 

( i ) infectivit;J7 , (ii) seroloey , (iii) elcc:tron microscopy , (iv) analyt L:al 

c entri fu__:::>.tio ll, (v) UV spcctropho7.ometry . 

1/irus source 

'l'he source of Q. :11 k.s bee n dc;:~on:J Lr o. ted to be important in 

puri .:i ca"~ion procedures .'.lrnl Hollin::;s ( 1968) obt<.,ined h i chest and 

clcG.nest ;/ields froc lT . clcvelo.ndii ·~1i th poorer results f rom E . r-lutin·_ ·:::. . 

Vu.rietics of L t·.".,:....cw:i ( tol ,c;.cco) :lre f reciuentl;:/ used including ' Jc..:nsu11 ', 

( Scot t 1963) ' ' . .'hitc "Sur'lcy ', ( '::.1 omlirn~on et u.l. , 1973) ' Xanthi ',(Lot e_ 
al., 1972 ) m1d cood yeHd:.: of' ·~.'.V c.re obtained . v::.n Recenrr.ortel (19G'i) 

r ecommends Cucurbit~ l'CIJO L . ( :.::q_u c.sh ) in preference t o tobacco as •:1 ith 

the u~;e of oloctropho1·c::j ~; fo r further purifi cation bet ter separation 

between virus <t.nd pl a!'lt conteminants vi:c_r:, ob tained . Othe.r \'lorkers 

h c.ve preferred C. sativu3 (cucumber) to tobacco (Peden & 3'JUlons , 1973; 

Habili & Fra.ncki , 1974 ) . 

The nge of infection by CJ.IV before harvest is also impo .:..n t . 

Tomlinson et al. , (1973) demom·.trated pe::!k infoctivity in tobacco 

occurred 10-12 dczys .:::.ftor innoculation. ·;,thile Lot et al., (1 97 2) 

recommended hal.'Vestinc 6 dciy old locall:,' infected tobacco for CtiV 

purification. 

In this study vii th CllV- D, infe cted (local and systemic) plant 

tissue was harvested for purification en. . 12 dO\V s after innocu.lation. 

Several virus s ources v:ere tried : U. clevelandii ec.ve hitJhest virus 

yields (30-40mg/100g infected tissue ) \'l ith littl e contamination by 

plant components ( serolocically undetectable) . N. t ~bacum va rieties 
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'Burley 21', 1HC1.vana 423', ' Samsun ' and 11:/hi te Burley' all gave clean 

prepClre.tions with good virus yields (en . 20mg/ 100g infected tissue). 

Cucumber C. sativus '8l"'Js tal Apple ' and ' Polaris ' also gave similar 

h i ch yields .:ind cl ean CI.:'J preparations . Contrt:.I"J to the results of 

Forster (1 974) and Hollings (1968) N. ;h~tino s<:!. tissue gave re Clsonabl e 

vi rus y ielcls (ca . 15m::.:/ 100c ) which were not highly contaminated vi i th 

F ~ protein . 1J . dcbneyi -~ fl eshy spec ies lil;:e IT . cl evel andii of the 

tok•cco £'arr: il;y sol a:i:i-acee:.o cz:.vc Cl.'.V yields of cc. . 10:.i.::;/100g and prepar:.::~­

i ons rec~0on::bly fre~ of :'.1'
1 

prot e in . Cver Clll -~ho puri:'icCltion procedn::::-o 

f or C~2J-D resul t ed in r easonabl e virus 1)reyiar a:;ions from ei t her tobacco 

or cucw~1bcr. 

Extraction medium 

'l'he ionic c::nvironmont in which CI.IV i s ext r acted in from 

infe cted plunt tis ~.uc ' undoub t edly influences tho lo8s of virus by 

aesr ec.J.t i on end att<.chr:ie nt to cellul a r pl a nt m<: terin.l (Hollincs , 1968; 

Sill et <ll ., 1952). 

A ranee of extraction buf fe1· ; h~~ve b een used and recor.l!Ilended. 

fo r C'.!..11. Scott (1 963 ) 2.rld 'l1omlins on 8t al., (197 2) recorcled t;r e:iter 

i nfe ct i vit y u s inG phosphut o buffer fo r extr.J.cti on compared to borat e . 

Citrate bu:'.'fcr (vc.n Hegorunortel, 1964; Lot e t al ., 1972) h a.s a:J ·;o bec:t 

sh ov;n to Give c ooJ. r eGul ts . Since Lot e t al ., (1 972 ) sho l'/Od cro~:ter 

i nfectiv i ty \'ii '!:h 0 . 5:.r citi'a.te buffe r compar ed ~ o O.O)..: citrate 2..rld 

Toml i nson et ::i ., (1 973) J.eoons trat~d 0 .51; I~-I~ ,., pho 3phc.te \'las better 
'-

t han 0 .0 51~ phosphe:.t c , h i .:.;h r:;olari ty extracti on buffers have been 

corranonly us ed . H0'.'1eve r van Hesenrnortol ( 196L1.) detYJonstra.ted with a 

hieh molar i ty ext r a ction buffer ( ci tru.te 0 .5!.: ) t ho.t fil thouGh the infoc ·~ iv­

i ty was hicher than cxt r <:lct ion in 0 .0 5!.! citrat e or distilled water, 

ereater l evel s of F 
1 

pl o..nt protein contaninant were nl s o present . 

Sevurcl bu f fe r additives have b een t e nted . Reclucing agen·~ s 

and chela tine aeents a r e : requently i ncluded in extraction systems wi th 

the a im of preventine virus degr adation by pl ant phcnolics. On 

extra ction plant ti s sue s r el ease many. oubstances including polyphenol ~; 

and enzymes which catn.lyz e oxidation. Problems with virus inact ivation 

and precipitation during extraction have been attributed to the s e 

oxidiized polyphenols, and the function of certa in reducing and chela:binc 

agont s which a ppear t o i nhibit the above have been hypothesized 

(Kosu ge, 1965). Reducine a gents such a s thioclyoollic acid (TGA) ru1d 

mercaptoethanol (ME ) a ppurently inhibit the oxidation of polyphenols by 

ox idase enzymes while certain chelati~ ac;ents :::iuch as EIJrA or sodium 
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Dietbyldithiocabamate ( DIECA) a re purported to inactivate polyphenol­

oxidase enaymes by the removal of eu++ cations from the prosthetic 

groups of these enzymes. Whereas EDTA has a marked chelating capacity 

for dive.lent and monovalent cations, it is most efficient at binding 

CA++ and tic++; DIECA chelates more specifically for larger cations 

h Cu++. sue as 

Relationships between polyphenol oxidases and virus instability 

have been demon~1trat ed f or Gf.!..V in tobacco leE1f extracts (Harrison & 

:Pierpont, 1963 ). Dy incorporation DIECA, infectivity of virus extracts 

was increased but the addition of Cu++ ions <11 on& vii th DIECA resulted 

in 10\•1 infe ctivity. 

TGA has f requen-':; ly been included in extrn.ct ion buffers f or 

CliV purificat ion (~ollin3s , 1968; Lot et al ., 1972; Takanami & To~aru , 

1969), how ever 'I'omlinson et al., (1 973 ) reported increased stability 

and infect i vi ty clurinc Gr.'.V puri f ication by the inco2:'poration of :;::;mA, 

v1hereas Hollings ( 1968) observed no marked benefit. Recently a CLIV 

isol a te from Nandina in thi s l ab oratory \'/11.S demonstrated to c ive 

increased virus yields \'I hen e~~tr<:cted v1it h E~J'i'A , rather than vii thout 

( D T7 ' ' 1 • • 1 pers , corrun., r. !' • • :.:, . c...l ne, 1974) supporti~ the 'itork of both 

Takanami and Tomlinson . 

In thi s study CI.:V-D V.'J.s e:-:tracted in 0 .5:'.". K- K
2 

phosphate 

buffer pH 7.0 ·;;ith 0.1 ;; TGA and increased virus yields were obtained 

when 1-5r:l: :=::;;r;.. v.ras present . 

Clarification 

Clarification of Gi.iV buffer extracts is u~ually done by wey 

of organic solven ts including dietbylether, chloroform, butanol, or a 

chloroform: butanol mixture . Using 8 .5~l n-butanol Hollings ( 1968) 

found increased infectivity with Cr.IV on incubatinc the saP-butanol homo-

g enate overnight at 2C or 20C. Longer standine , up to 14 days, 

further increased the virus yield, after which infectivity decreased. 

Clarifi cation of sap from CIJV- V/ infected t obacco with chloroform or 

diethyl ether (1:1 with expressed sap} eave a higher infectivity than 

clarification with 8 .5;~ n-butanol (Tomlinson et al., 1973). Most CI.iV 

purification procedures involve cl arificat ion with chloroform (Lot et al., 

1972; Peden· & Symons, 1973; Takanami & Tomaru, 1969), although 

occasionally acidific~tion has been u sed (Grogan et al., 1963). Bentonite 

(Dunn & Hitchbornt 1964) does not appear to have been tried. 



In this l o..borator-J chloroform has commonly b~en u sed for 

cl arifyi~ sari containin~ G'._.'-V, includin3 isolates from daphne and 

nandina . Bec::rnsc of the satisfactory results obtained chlorof orm 
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was a l so u s ed in "'.;ho }?uri:::'i cc..t ion of CT~V- :U . The incubation time of 

the chloroform homo.'en::i.tcs , one hour v:i th lL::rioclic shakin::_i;s (Forster , 

197 4) , Vt:ls n oclified to vi.::;orous shakinc f or 20;:iin as IHnk et al ., 

(1969) founu thi s resulted in less F
1 

protein contaminating PSV 

purified preparations. 

~liru.s precipi t .:J.tion 

After breal.:ine the sol vent-ext ract ernul sion by 1 O'.'J speed 

centrifusat i on, the supernatant is UGu~lly subjected t o ultracentr~fu~­

ation to ~ellet the virus ( Peden & Symons , 1973; Scott , 1963 ; 

Tordinson et d ., 1973) . Precipipo.tion of GL:V by coacervation v1Eh 

polyethylene .::;l~'col (F:G) ctlso resulted in c ood virus recovery (L ot ct al. , 

1972) • Lot et cl ., ( 197~) found ca . G,~ Y.:.:G no..s a suitable level for 

Co2.cervation i s dependent on the ratio of -;;he 

coacervc.nt to r..0!10·1:::.lcnt cat ions (Herbert , 1963) ~nd therefore c c.. . 0 . 15:.~ 

lfaCl is aclded t o G;: ic::-~G :'.:'or C:..~'1 precipitc;.t ion (Lo "~ et al., 197 2) . 

'!'o o'bt2.in r uri:'.:ication C' ·1 is usually su'!Jjec"'.;cd to severc.l cycle s of 

differential centrifu_::;c;.tion or ~:=::; r recipitat ion . 

Both procedures :.'ere tried r; i th C:.!V- D, ul t r i.lcent ri fue;ation at 

100 , 000_g for 90min and co:.:-.cervation by overni.::;ht stirring v: ith 61 ~ ?"SG 

(Lr,·: 20 , 000) 2.nd 0 . 151.: lfo..Cl , followed.by pellotinc:; \"l ith lov: speed 

centrifuga.tion . 

'rhe period reCJ.uired to pellet Cl!V-D by ul tracentrifuea~ion in 

a 25rr.l tube , (LISE 3X25 tita.nium rotor), Vi:J. s cal culated from : 

where 

Calculated 

lo c- Rmin ) ue 

2 w 

T = tine required t o pell et CI:1V 

s = sedimentation coefficient 

Rma.'C = 9 . 415cn ( for 8 X 25 rotor) 

Rmin = 4 . 358cm 

w rev/min = 39,000 

T = 1 . 309 hours 

~:v (98 x 10- 13 sec -1) 

Therefore a period of 90min centrifugation was used to allow time for 

a cceleration to 39 ,000rpm . 
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A level of 6;i FSG l!':.'.1 20 , 000 v1c,s used \'tith c:'~V-D . It was 

found that 0 . 15:r.: lfo.Cl \·:as not req_uired in the first fEG precipitation 

cycl e and this ':1a.s prob<J.bly attributable to the hi0h levels of monoval­

ent cations cxtra.cted from pl ant tissue G.nd the hizh levels of Na+ i ons 

in the extr3.c tion liu:'.:fer. Contr:.l.FJ to the e::pGriences of ( Forster 

(19 74 ) all uo.1)hnc Cl 1/ isol'.tcs tested could be concontr8.ted 1·1 ith PEG to 

give satisfc.ctory yields o:: puri.'.' i c d virus . IIo'. :cvcr in ci. oomparison 

betwe en ul tr:::.centrifu:::;ation and. P::.G precipitation o: 8!.:'J- D arproxime.toly 

one thi.rd hiche!' vLus yi eld , 1·1ith less F
1 

:rrotoin cont<:;.;;iinant , v:<~s 

o btc.ined b;/ ul tracentri::"u~~a ti on . 

Hosus -;;ension t:ledium 

CL:V . 

L~.P.Y differ en"i; cu:;:~fers hu.ve been used to resuspend pelleted 

E<-.rly 'itorirnrs (Lur~.nt (1965) , (To:::1l inson et c.l ., (1959) u sed 

d.ilute phosr,;h~te ci.i s re .'._;.'.:!.rcUn.:; virus stc~bili 7-y <..nd .:::.c..:;reca ·~ion problems . 

Scot".; ( 1963) overcQ.Oe thes e problems by dialysis 2..nd. re sus pension i.71 

dilute borate buffe r , pH 9 . 0 . Dilute ~i trnte buffer also prevents c.:_v 
.:.:;crec~1tion :.::.ncl h.::ts been used by V:ln Le:;;enmortel ( 1967 ) . Lot et c.~1 ., 

(197" ) improved dilute citr·:.::.te buffer by includin~ Tri ton X- 100 , obtain-

ing hij-ier infectivit~' ;:,nd preparat ions free r fror:; :_;le.nt cont aminants . 

':'he rire'1ention of ;:, _;gro [; ~i. tion o: G~. :v vti th :::.J'l1.A bu:'.:'fcrs wc..s demonstrated 

by ~\:Jcc.:.n2.! :: i c~nd '11om<J.ru , ( 1969) '.'iho concl ucled its function W<:.<, tk. t of 

chelr.tin.::.; .'.' rce divalent cc.-'.;ions \'thich n;Jpco.r t o : . ~,;re:::~:te c::v part i cles . 

Sub:Joquently various ,.Jf'}.!. level3 ( foden & ..:ynons, (1 973) - 0 . 5J:!111 ~:JI'A; 

Toml inson et :.:::.1 ., ( 1973) - 5r:l.~ Srr'A hc.vc been inco:cpo:::-ated int o resuspen:J­

ion 1~uffors ( fre<J.uent ly 1·Jith :;mr.: borat e pII 9 .0; 'rcmlinson et al. , 1972) . 

::;ever c:.l different bu f:'.:c r s , <:?.t dif fe rent :_·Jis ·:1i th and v:i thout 
""'T"iTI' 
- J.LJ.l ~~ ' wo r e comi)ared in t :b..is stu L;/ on C: ' '.f- D imrL~ic.:: tion . Infectecl 

tobacco tissue gc.s ~:tructecl ~ru. ~fter ultracentrifueo.tion the s epuratc 

virus pellets were resus pended in different buffers . Followine 

resuspension for an hour the s ol ution ·a:J.s sGillpled before being subjected 

to a further cycle of dif::'eren'tial cent ri:'.:ugat ion . The final virus 

pellet v1as resuspended in distilled water , acain sru."lpled o.nd appropriate 

dilutions prepared and scanned in a UV spectrophotometer . The apparent 

v i rus concentr ation at ea.ch resuspension was calcul a ted from the ubsorb­

ance a t 260 nm (us i ng E 0 . 1/~ = '.') ) and from thi s the percentage virus 

recovery was calcul ated. Absorbance maximum/ minimum ratio s were also 

calculated for the fin~l v irus resuspension . 

ized in (Table 2). 

The results are surrunar-
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In Table 2 the buffers mo.rked with asterisks appear to cive 

lov1er /o virus recovery . However use of these buffers results in A 

max/r:iin values (ca . 1.40) r.10re typical for CT.'.V p:.ire preparations 

(Lot et c.l ., 1972), vtbere2.s the other bui fer resus ens ions hu..ve L mr:.;;x/ 

min vo.lues (ca . 1.70) chc.r~cteristic of preparations contamin~ted by 

plant materi~l (Lot ot al ., 1972). It is probo..ble that the appo.rer~t 

hicher yields Yl i th these t u:'fers is due to contc..r:ii~tinc pl ant material . 

·::i th the exception of citr::.te buffer, tl~c buffers r.1:cr'.'~ed by asterisks 

contain r:D'rA 2..nd these vi:::-us resuspem:ions appeo..r f roD A mo..x/min vwues 

to be cleaner . 

TABLE 2 . Comparison of resuspension cuffors u s ed in CJJV- D 

purification 

===== ======================= == = == = === = == ~==== ~== == ~= = ================== 

, virus ausorbance 
bu:f er :CDTA pH recovery r.1a.x/ min 

di s till ed. 1·1c.ter 6 . 5 15.4 1. 74 

di s tilled 1·: :J. ter + 5 .0 12 . 2* 1 . 39 

K- K2 lJho spha te 1 Orru.: 1.0 14 .8 1 • 71 
Tr K 
r-..- 2 phosphate 1 Or.J.'. + 7 .0 15 .O* 1 . 37 

Na citrate/citric 
c.Cid 1ora:::.: 7.0 10. 3* 1 . 39 

"..' r is- HCl 20r:1li 8.o 13.0 1.64 

'::ris-HCl 20rd1 + s.o 6.2* 1 .41 

lfa borate/Ha.OH 5r.'ll.: 9QO 15.0 1.11 

iTa bo1·a te/Ifo.OH 5r.'2.~ + 9.0 11 • 77.- 1.43 

lfa bicarbonate/ 
carbonate 10mU 9. 5 10.4 1.49 

============== ========================================================= 

* apparent lov1er ~~ virus recovery but 'cleaner' 

preparations (see text) . 

Experiments with purification of nandina C11V in this 

laboratory have shown that the apparent increased virus yields in 

resuspension buffers not containing EDI'A is o. result of greater 

contamination by pl ant components. This was demonstrated by the 

extraction of Cl.'V infected and 'healthy' uninfe cted tobaccos usins a 

buffer v:ith and withou-1; EDl'A ( pers, comm., H, Neilson 1975). The 
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ability of EDTA buffers to provide cle:::.ner virus resuspensions is 

evident from these results . However, it does appear that dilute 

citra te (without ED'I'.A) c.:_:n adequately substitute for EDT.A buffers . 

On the b2sis o r this work the bui'.:'er chosen for CIN- D 

resuspension v:as 5m:.: borc.te plus 1mli ~IfrA pH 9 .o. Virus pellets 

were resuspended on .'.l.'1 orbit<tl shaker f or one t.our before cl arifying 

by low speed centri:Ucation (15 , 0003/15r.iin) . The fincl virus pellet , 

afte r a ::;econd cycle of differential centrifucation, Vl'-1.S al so resuspend-

ed i n the c..bove borc:.to/''T1A buffer ( 1ral/ 100g harvested tissue) . The 

sui t::;.bil ity of this borc,te/~W'A bu::'fer for fin.:11 C:.'.V- D pellet resuspens-

ion -,•:as confirme d by wor;·: on negc..tive staininG :'or electron microscopic 

exacination and analytic<-'.l centrifugat ion of virus preparations . It 

•;;as : ound that the l ovol of ~ill'A •::e.s critical to ensure intact rn,:v 
parti cl es 1·1ithin di::'fercnt necative st;iins . 'l\·:o prepc.rations of Ct'.:V- n 

were exa;1: ine d by <:nalytic.J.l centrifugatio n , one suspended in dist illed 

1·1ater and. the other in borntc/SD'rA buffer. 

occurr ed in the dis tilled. VJater-virus suspension , two broad sediment­

inc; peaks being observed (Fieure 11) , while the C:N-D suspension in 

bora te/:S.DTA sho·:1ed no a c:.:;recation , as evidenced by a sincle homo.::;eneous 

sedimentin3 peak (Fi[,ure 12) . This acgregation efrect has been 

previously observed ('l\.!2::m:.J.r.ri. & Tomaru 1969) 1·1i t h GJ .. :v in borate buffer 

vlithout :!.-WI'A , durin0 andyt ical centrifu[Sation . 

fold . 

The a.ct i on of .:.TJ~';, in C'..:V. purifi ci:;.t ion c:prJe.J.:?.~s to be four 

Firstly durin~ r lant ti s sue e:c-'cro.ction '!::J!.1.-i apparently cheh:tes 

C ++ · f ~ c+i· vi·7.y of 1 l 1 "d th u ions ne ces sarJ or _ v v po yrncno oxi ase enzymes, us 

prevent inc oxidation of polyphenol s and subseq_uent inactivation of rJ:·:v 

(Hu.rri s on & Pierpont , 1963 ) . Secondly by chelatin(; other free di vu.lent 

cations EDTA removes the possibility of C!..:v a,:;e re.z:!tion (Takanami & 

T oma ru , 1 9 6 9) • Thirdly this s ame binding of dive.lent cations prevents 

virus particles a cerec;dinc 1·1 ith plant proteins (F
1

) . Consequently 

less F
1 

protein is pelleted \'/ith the virus on centrifu.:;at ion and the 

preparation is therefore ' cl eaner '. The fourth function involves 

EDTA ' s chelation of monovalent ions which appe3.r to be able to disrupt 

virus particles , remov~l of these monovulent ions by chelation main­

tains intact CLIV pa.rticles (see dis cu s sion page 21) . 
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Cucumber 1Iosaic 'Jirus Purific.:.tion 

1 . Harvest 

2 . 1Iomo3enize 

3. 2x:pr ess 

4 . flnul s if'y 

5 . ·'.::entrifuce 

6 . Fil tcr 

7. Centrifuce 

13 . Resuspend 

10 . Centrifuge 

11 . Resuspend 

12 . Centrifuge 

12- 15d infected 

IJicotiana tabacurn L . 

(1 e : 1 . 5m1) of o.5u 

K- K
2 

pho sphate pH 7.5 
~'lus 1ml1 lfr .. ') EIYI'A 

'-

end O .1 ~b TGA at 4c 

throu.::;h mu s lin cloth _____ ,... _ u l p discard 

EXTR-'iCI' 

(1:1 ) chl orofo:rr.i 

shal:c vi[:orously 

20min o.t 4C 

, 1 JJ1 ::;1c~T 

12, ooo_J1omin a t 4c ------""' ~)ellet and 
chloroform discard 

throu__;h c l ass 1.1001 

l 100 , oo0;;/90nin a t 4C -------t Superna t ant disco.rd 

~J.}.,'1' 

jr.tl.I ~~:1 Borat e/ XaOH 

1r.2.: Nc..
2 

EDrA pH 9 .O 

1hr a t 4 C 

20 , oood15min at 4C -----~ Pellet di s card 

100 11 0CJOG/90min 

throuc:h 5ml 

20;; Sucrose a t 4C -------+Supernatant discard 

PELLET 

1ml/100g tissue 

in born. te/DDTA 

overni"'ht at 4C 

120Qt15min ~---------~ Pellet discard 

Figure 10 . Procedure fo r the purification of cucumber mosaic virus 
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further nurification 

A variety of techniques ho.ve b E!en used to further purify 

CI.'.V Tirq~,:;~ rations: density eradi ent cent rifugation (Tomlinson et al. , 

1973); further cycl es of diff erential centrifu.::;aticn (Lot et al. , Peden 

& Symom: , 1973); and zone elect rophoresis (van Regenmortel , 1964). 

Toml inson et al ., ( 1973) u sed 10- 40;.i sucrose gr a dients to 

separate C'..~V f rom pl ant components, but low yields 10oc virus/kg 

of inf ect ed leaf \·1ere obta ined with thi s lJrocedure. Further differ­

entia l centrifu;_;a t ion C~' cles were u s ed b~r Lot et :il., ( 1972 ) and Peden 

and Symons ( 1973) in et:V purification. On the basis of UV spectrophoto­

metric data Lot et al., (1972) obtained very cleo..n }Jreparations with 

G":.l V yields of 380- 475mc/l:c leaf tissue. Zone electrophoresis has also 

been recommended for C:V f inal purific c:-.-;; ion by van Re.:;enrnortel ( 1964 ) 

who, on the basis of se r ol o.:;icc:.l data , reported that ver.J cl ean virus 

preparations can be prep3.red u s ing this method. 

In t he present ~:;tudy density 2radient centrifugation of C:..~V-D 

on (5-30/j ) sucrose c r adi ents v:3.s tried, but as rlith Tomlinson e t al ., 

(197 3) very lov1 (1 0,.~ ) virus r ecover-J was obtained . It '/las there:ore 

felt th::;.t r.Ja.viu al fractionation of cradh~nt s i s unsa.tisfactory r1i th 

resr Get to the 1 O'.': r e cover;)' of virus . Sooe imp~ovcmGnt of A ~<:.:.x/min 

r atio s occurred after subjectin~ CI.:V- D prepar :i.tions to a third cycle of 
I 

differentid centrifucc:.tion , hov:ever ca . 50> loss oi' virus occurred , e:.nd 

therefore thi s t echnique ·,1.J.s discontinued . l)reparations of ct!V- D ::ere 

run in a zone electrophoresis aPIJaratu ;..~ ( vu.n J.(ecenr:tortcl 1964) a s 

modified by Uyeooto bers , cwun ., Dr LS . r.:il ne, 1975). Ho·;1ever 

poor :::; epn.r<...t ion of CMV- D f rom plant components occurred as a resul t 

of difficulty in ma.intaining an adequate current. The CL:V- D preparut-

ions electrophoresed were extracted from tobacco, a host which van 

Regenmortel (1964) does not recommend, as the virus and plant components 

have similar electrophoretic mobility. Sciuu.sh , recor:unended by van 

Regenmortel ( 1964) a:3 a source of C1IV for zone electrophoresis was not 

tried . 

The procedure adopted for further purificat ion of ~~V-D , 

involved the pelletine of the virus in the second cycle of d i f f erential 

centrifugation, through sucrose . Five ml of 2~~ sucrose Vias injected 

with a syringe b elow the virus suspension in t he centrifug e tube, to 

form an interface. The sucros e impeded the sedimentation of 

F
1 

plant protein and othe r pl ant components , hence avoiding contaminat-

ion of the final C~::.'J pellet . Such 'cushions ' of sucrose have also been 
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used along with polyethylene elycol in t;he purification of hop r.:iosa.ic 

virus , ( Prob.::i.s co & Skotland, 1974) thereby effectively excluding F1 
protein contamimttion. This sucrose ' cushion' procedure was preferr-

ed to othe r techniques because of its s:i..mplici ty , v1hile still produc­

ing 1 cl eo.n 1 CI.IV- D prep~rations without undue loss of virus. 

The purificat i on procedure for 81.:V- D developed in this study 

is ontlined in Fi~·e 10 . 

Analisi~ of homogeneity 

(i) Infectivity 

Infectivi ty test::> on purified virus pre par;.;. tions are u oed. 

extensively, howevey al thou:;h these te s ts c;ive an idoc" of concentration 

of intact infective units no inforraation 011 the l evel purity of the 

virus prep~ration is sained . It is un-?ortunate th.:-~t most conparative 

v1ork on G':..:v purification involves the use of infoctivi t y tests without 

regard to other techniques which reflect the purity of preparations . 

A dilution end-poin~ infe c tivity of ca. 10-
6 

is frequently 

reported ~or Cl.iV purified prep~ration procedures (Scott , 1963; Tomlinson 

et al., 1973) . In tho current s tudy" a comparible dilution end-point of 
5 - 6 infecti vi ty tetween 10- .:;.nd 10 was obtained for C:.'.V-D preparations 

assayed on C. ouinoa . 

(ii) Seroloc;y 

CMV preparations v1ere f requently ex2.1Tiined vii th eel double 

diffusion tests usin.:; ' heal thy ' antisera to deterri1ine the level of F
1 

protein contamination (Holl in.::;s , 1968; v:.:i.n Recenrnortel , 1964) • ho 

'heal thy' pl ant components could be det ected in C!.:V- D purified prepG.rat­

ions diluted 1/2 and tested aeainst ' healthy ' antisera . However stron~ 

react i ons r1 i th CEV- D preparations diluted as· f2.r as 1/1000 were observ•.c d 

against several Cl!IV antiscra . 

(iii) Electron microscopy 

Examination of c~v purified preparations neeatively stained 

in the electron microscope enabl es determination of their qual ity, the 

presence of contamin::iting F
1 

plant protein and the homogeneity of virus 

particles (Forster, 1974; Hollings, 1968). ~,':V-D purified preparat­

ions were examined usine the procedure developed. Negatively stained 

preparations resu2pended in EDI'A revealed good contrast and spreading 

of intact virus particles with very little apparent contamination by 

F
1 

protein . 
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(iv) ~.nalytical ul tracentrifugation 

In the analytical ultra centrifuge purified Gl'~V preparations 

reveal a chara cteri stic s ingle sedimentin.:::; peak, with a sedimentation 

coeffi cient ( s?O ,.) of ca . 988 (Gibbs & Harri son, 1970) - The sediment-
- ' N 

at i on coefficient of Cl.IV has been found t o be independent of the bu:!:fer 

the virus i s suspended in, providing t hnt the buffer does not cau s e 

aggregation of the virus . A mar ked concentr~t i on dependence ha s been 

f ound however (Franck i et al ., 1966), J.nd i s m:pres:;ed by the equat ion . 

s 20 , .. = 98 .6-1.04c 
' ,, 

\·1hore C is the virus concentrc1t i on (ms/ ml) . 

Several preparat ions of GI.IV-D, each at a concentrc.t ion of 

about 4mg/ril , v;ere e:c:n1ined by Schlier on optics in :.n analytical 

ultr~centrifuge . It ·,·1:is f ound. neceasar-y to auspend G"J.L."V-D preparations 

in a buffer containinc EJJI'A , otherwise a~gregation of the virus r esulted 

(Figure 11). ( See discussion on CT::V- D purif ication). From three 

a nalyt ical runs , at a speed of 23 ,1 50r r:n usinc phot ozraphic pl a tes 

expo sed at 8min interv;ils , s ediment ation coefficients f or C1!V- D wer·e 

c~lcul~ted us ing 

s = d.x/ dt x 1/v:
2 

whe r e \'/ = speed in radians per s econd. ( 2 rr / 60 rpm) 

and dx/ dt is determined as the slope from a graph 

plo t tinc the o.ctual distance the virus pe:J.k mi 5 rates 

aeainst time intervds the mi cration \'las t:ieasured over . 

A sin_sle sedimentin0 virus pe:llc was observed (Fi(Sllre 12) 

durinr~ thre e analytical runs of CllV-D. A 'heal thy ' F
1 

plant protein 

peak (s
20 

ca . 24S) was present on one occasion, as the C'.lJV-D preparat-,w 
ion had not been purified through a sucros e 'cushion '. The sedimentat-

ion coefficients calcula ted for these three CLlV-D runs were 96, 99 and 

948 (uncorrected for concentra tion). Averaging these three values and 

upon correctine for concent r at ion (Fruncki et al., 1966) the sedimentat ­

ion coefficient f or CUV- D was determined to be 

-13 -1 
s 20 ,w = 99 x 10 sec or 99S 
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(v) UV spectrophot ometry 

The concentration of CMV and the level of contamina tion by 

plant components can be determined by scanning virus preparations in 

a UV spectrophotometer (Ifoordam , 1973). c:...:v concentration is 

determined from the extinction coefficient E 0 .1 ~~ = 5 from absorbance 

at 260nm :or 1cm lieht p<.:.th , while the l e vel of contaminat i on by plant 

components in purified c::v preparations can be determined from A 

max/ min and A 260/22/J ratios , (Noordam, 197 3). 'r°'Ji)ical values for A 

max/min und A 260/ 28o ratio s fo r pure C".. ~V prepar<lti.:-,ns are 1 .40 and 1 . 65 

respectively , while contC1Ini na ted preparations have ratios above or below 

these, depending u pon ~he type of contaminE1.t ing material (Lot et al ., 

1972). The importance of including ' heal thy ' prep.::i.mtions in virus 

UV scans as control s is st ress ed by Demaire 2.nd Kummert ( 1969) as 

pr eparations f rom hed thy t i ssue can ei-.;e deceivingly virus- like UV 

absorption spe c t r a . 

Dilutions from Ci.:V- D preparation s 1·1ere routinel y scanned 

between 200-350nm ~nd virus concentrc:t ion, A mci.x/min und A 260/280 v~lues 

were calculc.ted . n 1 dilutions were rr: ::de i n distilled v1ater to avoid 

the increc.se d level s of light s cat terinc resulting 11ith many buffer· 

solutim1G. Several pure pr eparations of CT.:IV- C and ' heal thy 1 (uninfect­

ed) tobacco , the s ource of most CIJV purified prep::i.rc.tions in this study , 

were also s canne d . A st.LTlli1ar-y of t he UV spectrophot ometric data obt.::i.ined 

in this study al ong vrith reported crzy vnlues is presented in Tabl e 3. 

The A ma..x/min re.t io ranGe ( 1 . 34-1.44 ) ob t ained for purified 

preparations of C!.IV-D and cr.:V- C i s in nccordance ·:1 i th that reported by 

other workers ( 1 .35-1.40), while the A 260/280 ratio ran.8e ( 1. 75-2 .OO) 

is higher than that reported (1. 60-1.70) . This does not necessaril y 

reflect more contaminati on by plant components, as the usual plant 

contaminat ing material in virus preparations is proteinaceous. Accord­

ingly one would expect a lower A 2tJJ/28o ratio in ' dirty' preparat ions 

as the protein absorption maxima occurs at 28onm. ~actly this point 

was illustrated by he;:i.l thy preparations scanned in this study Vlhere l ow 

A 260/280 ratios ( 1 .38) were obtained. ~'lhether nucleic acid could 

remain intact and significantly contaminate the virus preparation is 

questionable . Later in this study some cont amination of virus prepara t ­

ions by plant nucl eic a c id was detected, but its s i gnificance in relation 

to the A 260/280 r atio is unknown. 
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TABLE 3 . Summary of UV ~bsorption spectrophotometric data for 

purified C:,..~V . 

~==~~~======================== = ====================~================~===== 

Pr cpo.ration ;._ :?60/230 Jeport 

rn ·v })+ 
V,1..1 1 -

-1 f")') 
I • C.. '- 1.60 1.75 2 . 00 'J1L3 study 

c:.r1- :0* 1 . 37 1.44 1. 75 1 . 87 It 

CI :V-C"*· 1. 34 1.43 1. 75 1 . 90 It 

' HeD.l thy ' tobacco* 1 . 17 1 .38 II 

Cl:v+ 1. 30 1.40 1 . 60 - 1. 70 Lot et al .' 1972 

Ct~'J->t 1.35 1.40 1.70 It 

I 

' Hc:..:l thy ' iraction r . 1. 60 1 . 76 II 

CI.IV- '..'* 1. 65 'I'onl i r:son et ul ., 1973 

c:.'V- '~-:t 
1.09 1.39 1.54 Frc.ncld et o.l • ' 1 9·~G 

CIW- S* 1 • 3E3 1. 67 v~n Recenmortel , 1967 

CI.I'!-Y* 1.43 1.69 T32:c..narii & '!'cr,~~ru , 1 c:,. (""\ ..lo ... 

============= = ======= = ===~================ =============== == =========~-=·~= 

+ * partially pure pre p~tration; pure preparation 

f pl ant component contcminatinJ fr a ction of Ci~V 

prepar at ion. 
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P:irtially pure preparations of Cr.:V-D reve::led :::. wider ranee 

for both A m::.x/min ":nd A 260/280 r a tio s on UV absorption scannine, 

which is consistent with other reported results (Lo t et al ., 1972) . 

Scans of ' hed thy ' prepar <;.tionG sho·;; ed virus-like absorpt­

ion spectra , but A m:.:i.x/min c.nd .~. 260/280 r u.tios were considerably 

1 ower th3.n those of Cl.\'! pre pa rat ions . It ~·1as ob s :J r ved that when 

' heo.l thy' J.)repar~ti on~3 v1cre dilu ted by ""he ~ a.rue 2!110L<nt as virus 

pr epc.crations, t!1e spectra obt: .ined \·; e r e insic:;nificc.nt , at most an 

absorbance of 0 .1 compar ed to 1 .o for the sc..r1e dilution of a virus 

prep::... ration. 

1 .8 PHY SI C:IL Vin ?ERTI>:s 01~ rtJRI?IED VE'.US 

Sedimentati on coefficient 

1~ s edimentation coefficient cf 3 20 , w = 99x10-13 sec- 1 or 

99S 1 
\'.' <:!.S determined for C1.: lf-D f ron three separc~te c:.nalyticd centrifu.:;e 

runs . J.. photo(;rc.ph revo:.J.int:; a s ingl e homoe eneous peek of cne of 

these runs is shmm (l"i :_:,'Ure 12). PurL'ied prep~;rc..tio1rn of two isol c.t es 

of CT.!V-C \'!er e cil s o CXDI.'.l i ned in t he andyticul ul tro.centrifuge and sedir:ien-

tation coefficients o:' 100 and 97S 1 
VJ ere obtc:.ined re spectively . 'l1hese 

values ar!" in .:i. ccordc:.nce with those re11orted (983 1 ) :or Cl.IV (Franc;~i 
et al • , 1966 ) • 

UV absorpt ion spectruL1 

Purified prept.;.r~~tions of ct.':V-D c;e:.ve the follo\line UV 

<!bsorption spectr.:i.l cho.r<:J.cteristics; A l:lQ.."</min ca . 1 . 40 and A 260/280 

ca. 1 . 80. Si milar v::i.lues v1e re obtained \'/ith pro1x:.r at ions of C'i.:V-C. 

The A max/min ratios obtained are cons istent vii th thu.t reported for c:.;v 
( 1 .35-1 . 40 Lot et al ., 1972) while the A 260/280 r at io for CL!V-D and 

C11V-C are somewhat hit;her thc:.n that reported . ( 1 . 70, Lot et al., 1972). 

The latter discrepancy in A 260/280 ratio possibly indicates nucleic 

acid contamination. 1\n alternative explanation i s that these values 

are simply a reflection of the system used in this study , therefore 

critical comparison with results obtai_nod in different systems is not 

strictly valid . For thi s renson in comparisons of UV absorption 

spectrum data trends were looked for rather than absolute differences. 

1 .9 CHEMICAL OOllIDSITION 

SDS Polya cr;ylaroide e el electrophoresis of isolated viral RNA 

Extracted RNA from CllV-D purified preparations was electro­

phoresed in polyacrylamide-agarose gels to determine the number of Rll~ 

1 corrected to infinite dilution or zero CL.TV concentration. 
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species and their respective mol ecular v1 eichts . J...t the same time 

comparison with CI.'.V- C isolate A (representative of da})hne cor:1lllon CI.:V) 

was conducted to see if differences in molecular wei.:;ht between 

corresponclil'\_; PJT:\ species o: CLIV-D ancl C:N- C could be detected . 

The m:A of cr.:v constitutes c~ .• 1e,: of the pc.rticle weieht, 

givinz it an averaee content per particle of .bout 1x10
6 

dal tons - Poor 

separati cn of G;..~V RNA com1)onents hc:.s been 2.chei veJ. ty sedimentation 

analysis (Diener et al., 19 64; Kaper et o.l ., 1965 ; l.I.::ty et al., 1969). 

However four major RlJA s 11ecies ha ve been resolved oy polyacryl amide 

3el electrophoresis of Cl'\T RNA prepar:r~ions (Helson, 1970 o.nd Kaper & 

1.'.'est , 197 2 ) 1·1 ith a pattern similar to th;_:.t shown b;y illlA isol::i.ted from 

members of tho brorr.ovirus c roup (:Sancroft , 1971 ; Hul 1 , 1972; Lane & 

I~aesburc , 1971) . ~cpar~tion of the four m;_~ jor coL1ponents of G"..'.V m{A 

and subsequent recombination hc.s dernon.ot:c-c:.tcd th~! t only the throe 

larc es t :mA ' _, (1 +2+3) arc r e;iuired fo!' infectivity (Lot et al ., 1974) . 

Hor1ever, tram:lation in a r1he:::.t embryo cell f ree sys tem of fractionat ed 

cmr rm;, rcsul tecl in numerous products ::::·rom :;nA ' s ( 1 +2) , the coc:. t protein 

and t \'lo minor proclucts fror:i . :·~), 3 and tho coat protein c..s a sin_:;le 

product f rom RlrA 4 (3chwinehc::.mer & Symons , 1975). Severcl other viruses 

possess co-virus cl~c..rn.cteristics (mul tip.'.lrti te eenome ) including alfalfa 

mosaic , cowpen mosaic , tob<1cco rattle, tobacco strecl: viruses (JClspa,rs , 

197 4) bromoviruses (Hull, 1972) c..nd another cucumovirus , tomato .J.spenn;y 

virus (Hab ili & Francki, 1974 ) . 

The separavion o~ R!IA specie s in .'.lcrylcunide 8els is dependent 

upon the filJA species ~:;ize (molecular \'/ei.::;ht ), the C.c,::;ree of crosslink­

ing within the acryl.'.lr.'lide rr:atrix (determined by the .'.lcrylamide : bis con­

centration) and the periocl electrophoresed at a stcnclard current (Loe-

ninG, 1967). Some dependence on the :q]_JA secondary st ructure (confom-

ation) is al s o predicted . However with CI.CV illIA it v1as demonstrated 

usin.s the formamide syster:i of Staynov ( 1972) that such dependence was 

insignificant (Peden & Symons , 1973). 

The determination and comparison of molecular weiehts of RNA 

species from CUV- D and cr.:V-C V/'2.s carried out using 2 .O'jl a crylamide gels 

electrophoresed alone vii th RNA standar,,s for 90min . Gels of 2 .0% 

acrylamide were chosen after poor separation of C:~'V RNA species was 

obtained in 2.4% gels . The period of 90min electrophoresis was 

chosen because the migrati on of the four major RNA components were 

maintained within the top half of gels in this period . Hence the 4S 

RlL~ standard woul d not be electrophoresed of f the end of a gel . 
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Several RNA standards were included in each polyacryl<miide 

g el experiment: rat liver ribosomal RHA 's (28 & 18S); rat liver 

trarn;fer RNA (t illL\) , (48) ; and E .col i ribosoma.1 mIA 's (23 & 16s). 

After electrophoresis the e els were scanned at 260nm , measurement !> of 

the migra.t ion of each PJt'. pee>.k were t al:on from the scan trace, and a 

standard curve was plotted from the migration of the RNJ.. standards 

(Loe molecular weicht ~:IL'\. versus mi erat ion cm) (Fi ,sure 13). The 

molecular weicht of each C'.:.V PJ~A peak/ species \'iG.S determined from the 

standard curve (Fi0Ure 13) . 

~tracted RNA from CLlV-D and CI.'.V- C reveal ed the separation 

of four major RU.A peaks (m~A species) within the acrylamide gels 

(Figure 14). The result s of several experiments are summarized along 

Vlith reported CI.lV Rn.;. values in Table 4. The RNA :penks/species are 

numbered as in Fic'jllre 14 i . e . the largest molecular v1eight RNA or 

slowest migratinc is labelled number 1. 

Several smal ler molecular weic;ht species of RNA were al so 
6 

present (0 . 06 and 0 .1 1 x 10 dal tons) . Peden and Symons (1973) 

at tributeJ these sccll mrA I s to breakdovm products or pieces of the 

lare er PJIA spe cies. 

The resul ts obtained shov1 good correl ation r1i th those report-

ed for Ci.:.'.~! ( Peden & Symons , 1973) . No difference is detected between 

the RNA' s of the t wo diffGr ent daphne c:.:V ' s compared . These results 

indicate that the di s tinctive host ran(Se and s erolocical differences 

between C:~V-D and CFV-C are not sioiific~t enou3h t o be reflected in 

easily detect~ble diffe rent Genome sizes . 



TABLE 4. Molecular weights of Cl.IV RUA species det e rmined by SDS polye.cryla.'Tlide eel electrophoresis 

=======c=======~============================================================================================ 

experiment prepar ation 1 

1 CMV-D RlJA 1.45 
2 " 1.35 

3 " 1. 38 

4 ti 1.30 

1 Ct~V- C RUA 1.45 
2 " 1. 35 
3 " 1. 36 

4 " 1.30 

Report 

Habili & 

Francki (1974) CJJ:V- Q RNA 1.26 

Kaper & · 

West (1 972) ~V-S RNA 1 .07 

Peden & 

Symons (1973) CUV- Q TINA 1. ju 

c.vera.r(e r.iol • Y:t . 
lli:~A peak 

2 

1.05 
1. 20 

1. 21 

1.10 

1.15 

1.15 
1.1 8 

1. 11 

1 .10 

0 .95 

1 .13 

(-- , OG a' ~ J J. 011r: \ ~- I ,..,. . Li '""J 

3 

o .88 

0 .78 

0 .76 

0 . 79 
0 .87 

o. 72 

0.75 
0 .80 

o. 77 

0 .69 

0 .78 

4 

0 .46 

0 .30 

0 . 33 

0 . 42 

0 .46 

0 . 30 

0.30 

0 . ~3 

0 . 34 

0 . 33 

0.34 

number of 
deteminations 

2 

1 
2 

3 
2 

2 

3 

==================================================~===============~=============================================~ 
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llif;r~tion (cm) 
4S 
(tRNA) 

FIGUBE 13 . Standard curve f or nolccula.r weight 

determination of Ci.:V RUA species by 

polyacryl <lffiide eel electrophoresis. 

(28s , 18s = rat liver r 1u~As ; 45 = rat liver 

t IDJA ; 235 , 165 = E . coli r RNAs - used 

c.s s t e.ndc.rds; see te::t) (nunbers 1-4 = CMV 

illJA species; see Yi'i::;ure 14). 
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1 • 1 0 IM11UNOLOGY 

The poor i.mmunogenici ty of CI'V is well known (Francki et al ., 
1966; Scott, 1968) a nd has been attributed to the instability of the 

virus . Clrl is readily degraded by salt solutions (Kaper et al., 1965 ; 

Francki et al. , 1966) pancreatic ribonuclease (Frmi.cki , 1968; Kaper & 

Geelen, 1971), a nd neutral PTA (Francki et al . , 1966) . Enhanced 

i mmunogeni city of CTW ha s been observed r1 ith ..;tab ilization of the virus 

caps::.d with :t'orrnaldehyde (Fr ancki & Habili, 1972) . Hollings and s·~ one 

( 1962) lik ewise observed enhanced antibody response v1ith formalde:b.yde­

treated plant virus antieens al though Scott ( 1968) failed to a chieve 

s uch an effect with (J;.~V-Y . 

The effect of :orr.:ialdehyde on proteins involves the f ormation 

of methylol [ roups on free a!:1ino g roups , with probable further conden-

sation of other functional groups (Kabat & !layer, 1961) . With Cl.'.V 

the overall effect i s a pr obable cross-linking of r eactive sites betv:een 

adjacent subunit s , mC!.kin,:: the virus caps id more sto.ble • 

.Antisera to CL!V-D 9.J'ld CllV-C (is ol ate A) v:ere prepared using 

the procedure descri1c d e:lrlier, including both fixed (0 . 5)~ formcl­

dehyde) and unfixed virus preparations i n the inject ion series . 

Fomaldehyde fL"{Gd virus :pr epar ations r1e re included \7ith the aim of 

incre:ising the i mmuno15enici ty of G'i.:v. Hov1 ever it is probable that the 

increased stab ility observed with r esuspension of c;=v in I:D'I'A buffers 

( pa~e 20) mcy result i n increased immunogenicity of CI~V without 

formo.l dehyde. 

The titre of both C!~V antisero. ( ant i ~:!V-D , anti CHV-C) v:ere 

deten.1ined as 1/512 usinr, the micropr ecipitin i1rocedure ( Noordam 1973), 

while a suitabl e dilut ion of thes e ant iscr a for eel diffusion was 

found to be 1/8 . 

1. 11 SEROLOGY 

Certain problems often become manifest with serology involv­

ing C'~V : freg_uently only low titre ant isera are availabl e because of 

the poor i rrnnunogenicity of this virus (Francki et al ., 1966) ; many of 

these antisera react with broad specificity , havine been made to antigen 

mixtures (Mink et al ., 1975); and in serological tests it is not 

uncommon to have problems wi th G;,"_1,/ non specific precipitation (Gibbs & 

Harrison , 1970) . Tomlinson et al ., (1973) avoided some of these 
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problems using an EDrA buffer (50mM K2Hro
4 

+ 5r.iM E.DTA pH 7.8) for CMV 

serology, encountering no non specific :precipitation pro bl ems. 

The source of virus antigen can markedly afi'ect serological 

systems, as asglutinatine compounds call lectins occur in many plants 

(Lis & Sharon, 1973) anu many o.ntisera c.re contaminated with anti­

bodies to 'healthy' plant components (van Regenmortel, 1966). The 

most frequent contaminant in antisera i s claimed to be antibodies to 

fraction 1 (:r
1

) plant protein, this protein being ubiquitous in the 

plant kingdom (Dorner et al. , 1958). This problem illustrates the 

requirement for proper controls in any serological system . Heal thy 

plant sap is frequently included in serological tests as a control. 

However the concentrE, tion of plant antic:_:;ens in sap from diseased and 

healthy pl ants mcy differ significantly, hic;her levels of F1 protein 

have been f ound in plants infected with gra,pevine fanleaf virus 

(Martelli & Hev;itt , 1963) tha.n uninfect ed plants . Because of this 

·:letter, ( 1965) recorrunends the inclusion of sap from a plant infected 

with another unrelated virus, as a control. Van H.egenmortel ( 1966 ) 

warned th<lt this practise may not ho\'lever be entirely adequate as 

metabolic variations with different virus-host combinat ions have been 

observed. The use of antihost or 'healthy ' antisera is widely used to 

ascertain whether virus antigen preparations are contaminated by pl ant 

antigens (van Reeenmortel, 1966), providing an excellent control in 

serological systems. 

Serological rela.t ionships between members of the cucumovirus 

eroup have been recorded (Lawson, 1967; Uink, 1969) but Mink (1975) 

considers these relationships are a resul t of a.ntisera containing 

antibody mixtures, resulting from the use of mixed virus isolates as 

~ntigens . Using ' narrow spectrum ' ascites fluid, prepared against 

single virus isolates, Kink (1975) observed no serological reactions 

between cucumovirus group members . 

In this stucly dilutions of CMV purified preparations were 

used as antigens , healthy antisera, healthy sap and sap from plants 

infected with an unrelated virus were routinely included in serological 

tests as controls. The identity of CMV-D was confirmed by serological 

reactions to several CMV antisera in gel diffusion tests. 

Comparisons between CMV-D and CMV-C (daphne common CID!) 

isolates were conducted using the two homoloeous and several other CHV 

antisera in gel double diffusion tests. CllV-D antiserum reacted against 

all isolates of CMV-C (a , b , c) and the homologous CMV-D without spur 

formation (Figure 15 .1) • However reciprocal tests using CLIV-C antiserum 
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resulted in spur f ormation (Figure 15.2) and indicate CEV-C possess 

anti geni c determinants lac~~ing in CUV- D. Three further Ct!V antisera 

(common strain CLW, Holland ; nandina C11V, this laboratory; CLfV, 

University California Davis ) also produced simil ar precipitin reactions 

to those obtained e.~ainst CHV-C and CLlV- TI anticens in adjacent wells 

( J?igure 16 .1). Rearrangement of the antigen wells , revealed that the 

C1:V- C isolates v:ere serolo:;iccl l y ec1uiv2.lent (Fi::;urc 16 . 2). 

The most freq_uent rei'.:!.ctions in .:.;el diffusion tests were bands 

curved around the antigen v1ell s , indicu.tin3 the seroloc ical reaction 

nas between \thole virus and antibodies ( Scott, 1968) . The buff er used 

in gel diffusion serolocical tests contained 5mL: :SD'rA, hence C11V wo. s 

stabilized and r onctions bet\'1een virus coa t subunits c.nd antibodies did 

not usually occur . 

l'fo serol ogic2l r)re cipi tin r e:.c:t ior1s \?ere observed bet\·1een 

Cl:V- D antic;ens and antiser:.: to peanut s Lunt and tom:.2.t o aspert!'lf viruses • 

.cUso C!.TV- D and C'..'.V- C antisor c.. did not r cu.ct a.:,ain ·~t tomato asper my 

virus (a chr-Jsanthemwn isol .J.te) . This indic~.tes that CEV- D and CI.:V- C 

antisera v1ere of ' narrovt s1~ectrum ' type (I.link , 1975) i.e. were not 

produced by imrnuniz.::i.tion ~·1 ith miti.=;en mi:{tures . 
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1.12 DISCUSSION 

In all but t wo cha r a ct eristi c:::J found in this study CLIV-D 

exhib it s !lro perties conforr:iing with CT :V-8, \'1h ich in turn pos ::; esses 

properties in c ener al a ccord ·::ith other i s ol a t e s of ':J..:v. The t-:IO 

exceptiom:.l cha rc.ct eri s ti c:.:; of Ck\f- D are it s ab ility to systemically 

inf ect seve ral ho s t s , ·;:i1ich most C'..:v i solo.tes do no t o.nd a serolos ica lly 

dis tinct caps id lackins s ome antigenic det e rmiru.;.nt s. 

Ifo.bili a nd Francki (1974b) u s ed a virus ' hybrid ' compris ing 

CI.1V coat protein and T.W RNA to demonst r 3.te tha t the ability of T.AV to 

sys temicclly infect sever2..l host s (which Ci.":./ could not) i s a genome 

func t ion and i s independent of the virus capsid . It \'1oul d therefore 

be expected tha t the capability of CI..:V-D to infect several ho s ts 

systemically, is lik e\'1i s e a c;enome f'unct i cn i.e. CI :V-D should h e.ve 

differences in its e enome compared to CJ...= 1/- C anJ. other G1:V isol a tes. 

In this study no such differences were detected in eenor.ie size of 

corre s pond) nG RUA species of C:.'.V- D a nd c:.:V- C, refl c ctine that a:ny 

diffe rences , i f t hey occur, are small o r are seq_uent ial r1i thin the 

nucl eotide~3 . In cont r .'.ls t c.li f f eren ces i n molecul c:;.r we icht of corres-

pond ing RUA species hr,ve be en de t ect ed be t ween 81.lV .:..'1d TJ._V (Habil i & 

Francki, 197 4 a). The simpl e r s erolo .:;ica l cars id or cod proteins of 

CEV- D are al s o likely t o be r eflected i n minor genoac dif f e ren ces . 

Only .:::.bout one fif th of the virus c er.orr. e in sno.ll illfA viruses i s 

repr e sented in the vir us caps id and as only about ono tenth of the vi rus 

caps i cl i s expos ed anti,senically, it v1 oul d uppe;...~: s erolotSical tests 

involve expres sion of only c<.L. 2,~ of the virus ~0nome ( Fenner et al ., 

197 4) • Hence seroloc ical dif ferences bet\'lcen virus es are likely to 

be refl ucted in even less of the virus genome . 

As only tVlo characteristic dif ferences were detected with 

CMV-D after comprehensive characterisat ion and comparison with ClIV-C, 

it i s quite possible th ;.:.t these two characteristics rrey in some wa;y 

be related . Such a relationship could be explained if the two 

characters occurred on the same RNA species. Schwinshamer and Symons 

(1 975) demonstrated by transla tion of fractionated CI.IV RNA species that 

the coat protein and t wo other products (Mal . wt . ca. 27,000) were 

yielded from RJ:TA 3, while RNA 4 only yielded the coat protein. CMV- D 

coat diffe rences should t herefore be coded on R..~A 3 and perhaps the 

different systemi c infection abilities are a l so coded on this RNA species. 
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Al though this l a tter point i s only speculative, a situation 

similar to this has been found with cowpea chlorotic mottle virus 

(CCl~) b;f Bancroft et al ., ( 1972). \'Tith a temper ature sensitive 

mutant c:..vid wild type isol2.tes of CC1'u.."V functions have been assigned to 

different RNA s pecies . ccr:v is a membe r of the bromovirus group havint; 

4 mrA species and therefore resembles cu cumoviruscs CMV and TAV. The 

coat proteins of CCLIV and its ability to syst emicclly infect sever:ll 

host s were found coded for on mtil.. 3 (Bancroft et al ., 1972). 

CJ;~J-D has been considered a s r;ecific virus strain of CMV 

beca.use of characteristic differences observed 1nhen compared to common 

C!lV isol ates. It is unfortuna te ho'ilever that many isolates of Ct.lV 

have been desienated ' st r a in', wi thout differen-::iation as such; . these 

isol~tes should in fac-:: be merely l abelled as 'i sol ~tes '. · The term 

' strain ' in virology is probatly misle<iJ.irl[; in other respects because 

sinele infectious units are not used a s in bacteriology but rather 

popul a tions which must contain levels of heterogeneity . 



CHAPrER 2 

CP_f>.RACTERISATION OF DA.PHI~ 

CARNATI ON t:OT'I'LE VIRUS 

53 

An isometric virus , tentatively de s i gnated daphne isometric 

virus- 3 ( DIV- 3) by Forster and Uilne , ( 1975) , \'IC!.S isolate d from Daphne 

x Burkwooclii Turrill' ' Vuriegata '. Further isolates of this virus 

\'/ere obtained in this laboratory from D.J:i1hne odora Thunb . ' Ru bra ' by 

K. S . Kilne . Severc.l isoldes f rom both Daphne species were selected 

in this study nnd followin~ detailed ch<'..r~ctcris·1tion DIV- 3 Vi3.S identi-

fied us c~rnution nottle virus . DIV- 3 hereafter desiGnat ed daphne-

c~rnation mottle virus (D-CarljV) 1 could not be dist ineuished f rom 

carna tion isolt1tes of C.:i.r:.!V. The stability of Car::v and its ability 

to be trunsmi tted me chanicdly on hands , re!iuired co:::prehensi ve proof 

of i solation from dephne and this is provided in the f ollov1ing studes . 

Ce!.rl.:V (R/1 : 1.3/20 : S/S : S/*) has been tentatively 

included in the tor.ibusvirus group (Harrison & Llurant , 1970-74 ) \'/hich 

comprises turnip crinkle virus (TCV), tomato bushy stunt virus (TBSV, 
including ; a rtichoke r:iottl ed crinkle , carnation Ito.lian rincspot , 

pelareoniur.i le~~f curl ·.nd petunia asteroid ciosc.ic strains) and tentative­

ly Ca rLIV, c.::.rnation rinc;spot virus ( CarRV) and pel :.:.r:.;onium flower- br eak 

virus (PFBV). Viruses in the tombu~wirus c roup p0ssess muny common 

characteristics, but most notably have a sin.sJ..e sedinenti~g virus 

component containing a single RUi.. species of ubout 1. 5 million dal tons ; 

they are however not serolo~icclly rel:.:.ted . 

Car llV is an icosahedral virus ca . 28nm with a sedimentation 

coefficient ca . 122S (Hollines & Stone, 1970 } containing 20% RNA of one 

molecular v:eight species ( 1.3 mill ion dal tons - Kaper & Waterworth, 

197 3) . 

nucleotide base ratios of the Ca r :.!V genome a re : suanine 27 : 

adenine 30 : cytos ine 19: ura cil 24 (~remaine , 1970) . The virion 

coa t consists of ca . 240 subunits of molecular weight 26 , 200 each with 

prefix D ( daphne ) is used because this virus is only an isolate 
of CarllV and not a distinctive str ain. 
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ca. 243 amino acid residues (Tremaine , 1970). l='hysical properties 

of Ca.rMV in crude sap include DEP of 10-5, TIP of 90C and LIV of 

several months (Holl in~ s & Stone , 1970) • ~ransmission of CarMV by 

vectors, see d or dodder has not been found althoueh the virus is 

readily mechanicclly transmitted by s ap inocul :ition and on hands 

(Hollings & Stone, 1970) . 

Ca r12V 'ilas f irs t recorded by L~ssanis ( 1955) in carnation, 

and subsequently the virus hu.s only been f ound n~~turally infecting thi .. 

host . Infection of ca rnc.tion by Car~:-v is very v: idespread, many 

co!:IDlercid cul tivars beinc v1holly infec ~ ed (Eollin:.:; s & Stone , 1964). 

2. 1 l.'.A.T:S-1:.V.L S .~lTD :.:::THO:DS 

'.'lit h the foll0\'1ing a dditions the matG ricl s a nd methods us ed 

with D-~ar'~V c::.re the s 3.II:e :.s outlined under sect i on 1 .1. 

Electron micros copy o:f s ectioned mater:.al 

Ul tru.thin s e ctions were prepu.red a s follo·.rn : infected pl ant 

tis0ue wc..s cut into 1x4r:un strips and ve:.cuum in:'.:'il tr.::..t ed in a cold 

aldehyde f ix:itive (I: ::,rnovslcy, 1965) (3~~ ~luteraldehyde , 2~: forrncl G.E>..-

hyd.e in 0 .11': Ha/I~I-0 
4 

buffe r pH 7. 2) • These tissue pieces 1:1ere 1110..shE.cl 

in (0 .1!.l lL: ,.,/I~R\~ , ~;H 7. 2) buffer for 5-15min, c.nd pos tfixed for 3-511 
'- · f 

a t 4 C in 1 )~ osr.iium tet ro:~i de in buffer, \·; a s he d :::nd clehy dr a ted in a 

gr~ded ethanol series (25, 50 , 75, 90 :::nd 100~~) and sub s e q_uently l'J.:i.c e ,~ 

in t 1110 ch.:m .:;es of pro17lene ox ide . Tissue was then transferred 

throuch an o.s cendin::; s eries of epoxy resin concentrntions in propylene 

oxide (d0scendinc concent r a tion) and finn.lly e:::ibedcled in 100:. ~ res in 

in Gelatine cepsules and cured for 2-3 days at Goe . Ul t ra.thin sect-

ions v:ere cut with an LI'.:B ul tratome and picked up on 200- mesh copper 

grids. They were then stained in satur ated·urci.nyl acetate in 5a; j 

ethanol for 3min, wa shed in 50% ethanol 30 seconds , then in distill 3d 

water and stained \/ith leed citrate (Venable & CoGgeshall , 1965) for 

5-6min. Stained sections were thorouBhlY w::i.shcd v1ith distilled v1ater 

and observed in the electron microscope. 

Immunoelectrophoreses 

Immunoelectrophoresis (Hollin~s & Stone, 1975) was conducted 

using microscope slides coated with a 1.5mm leyer of 0.9"fo agar in one 

of the serological buf'fers HSB or TSB of , Hollin:s and Stone, (1975) 

Tomlinson et al., ( 1973). 'l\110 oriein wells were punched on each slide 

with an LKBR gel punch . Wells were filled vii th viral antieens and 

slides placed in an imnunoelectrophoresis tank. The ends of each slide 
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Vlere connected by payie r nic~<:s to buffer channels through \'1hi ch platinum 

wire ran to opposinc tenninal s . Buffe r c hannel ~3 v1ere filled with the 

same buffer as used in the medium coatin~ the ~lides . Electrophoresis 

vms carrie d out at 4C for i.'eriods of 1 , 2 , 3 antl 4li using ci. constant 

vol t :::r;e supply (Hev1lett Packr.rdR) of 8o'J gi vin..:; ca . 16V across each 

agaT coated slide . 

After electrophoresis a centrW. strip of c::...:;ar v1as cut and 

removed f rom betv1een the t v1 0 ·:rnlls Qlld -'.;he appro1iric:.te antiserum wc.s 

placed in it . Thi.J was incubated for 24h c::.t 25C in a hur:1id char.1ber 

and subsequently exCJ:1ined for precipitin lines . The ,; i15ration of 

ci.nti c~ens were recorded :'.:'ollo\'iirJG Holl in_:_;s and Stone , ( 1975) . 

2 . 2 JJI:"{OOF GF rso1:~TI01; :!.ISO:.: D_-'i.Ph'1IS 

1rhe uniqueness ancl implications arisinc from findinc Cc:.r!.iV 

in do:whne are such that ciueries of doubts mc.y .::.rise . Consequently 

f urther experimentation ·.-: i th D-CarI.~ -.·1as re~ui:red. to prove its oric in . 

D-CarWJ v;::..s corn;istcntly isoL:ted by sever al differe!"lt 

-.·1 o rl~er s in thi3 L'.1bor.::.tory from differeut D::i.i)hnc cul ti vars : P . n. Bennett, 

D. ocLora ' Lcucanthe' , :l .1 . Forster, D. x htrl::»01ool:.i i ' V:::.rie~ata '; I~ . S . 

I.:ilne, D. odo::-a ' ::tubra ' ; c.nd the c:..uthor Il . :x: "buc.'~:r:o odii ' Variec;atG. 1 

c::.nd D . odo1·a ' I?.ubra' . 

).J. thou.::;h ini tid inoculations of r.10.c:c:c-:.i.ted do.phne flov:er or 

leaf tissue to .C. ouinoa did not :il ·;1a;ys i)roduce :.;yuptoms , invari~bly 

back inoculation tests to : urthe r C. quino.::. did reveal infection by 

D-CarUV. Direct inoculations to C. ouinoe. from do.plme tissue produced 

either a few large 3-5r:un local chlorotic spots or synptomless infection . 

Particular care was t;:ken to ensure the detection of D-Carl...'V infection 

was not caused a ccidentally by contar:iin:J.t ion ; 

The repetitive isolation of D-Carl!V from do.phne after special 

precautions involvine double au t oclavinc of all inoculat ion instruments 

and media. , the use of isol a ted glasshou s e space and e::tra ca r e when 

inoculatinc, indicates that the virus co.r.le from d.o.phne . Furthermore , 

no probl ems of CarllV contami nation occurred v1hile three workers in this 

laboratory experimented with at l east 10 other viruses . 

An experiment w:.r: conducted to demonstr .... te the presence of 

D-CarIJV in daphne . Lec.f a.nd fl ower tinsue 1·1as harvested separately 

from D. burkwoodii ' -.Jariecata '. Flov1er tissu e \'i.'.:l.S l arc;ely obtained 
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from a Nm1 Plymouth nursery 1 n.nd 1 ea.f tissue fror!l home gardens . • The 

naterial f ro i::i the two harvests \'1as used to purify e:rry viruses present, 

f oll o·,Jinc; o. procedure sir:iilc.r to th::i.t u::;ed for C".!.V- D. 

The puri.:'ied ;:;rH1)u.rat ions were ne:_::Q.ti vcly stain ed with J.J.I 

and o.::;:i.1:1.::.ned in the elec t ron nicroscopc , o.:ncl in pr eparations f rom both 

J eaf a nd L'lm·;er tissu.J ~;::<...11 isometric :.~1d rod :-:;h,~~cd 'art icl es v1ere 

observed . '::'he rod vir·us 1'1·.s apparenU;,r d<)hno ·1i:i.1s-::> (Forster & 

Milne; , 1975) , while the i dentity of the 3phcr e coul d not be r esolved 

by el 1)ctron ;--1icros copy . Only 5-1 0 pe:..,:~icles ·::ore oliserved in e <..Lch 

droi:il c t lnp:.:c~ed on the electron micro:.;cope criJ. , there being prou~tbly 

In eel diffusion tests specific serolo~-

i c.s.l renc ~ions were obse1· . ud a~~ainst D- Co.r~..'.V <:..nd :::ar:.:V ( VPllI ) antiscr :... , 

v1hil e no r ec.ct ions i';ere 01.Jserved ae:::.ins t ' heal tlly ' c:..n-~iseruw . :;:rcpar•.t-

ions ~:ere cl ::;o inoculc. tcd to C. guinea ·::he::::-e they produced cha.rec i.eri s l. .. e 

Cc.r~.: 'J sy.~ipt or.1s . Sap f ro1:1 these plo.nts cave a ~)OSi ti ve rea ction ac:.:. i n:;t 

C:.i.rl~~! antiserum . 

Tl:e coniirr.1ed presen~e of Co..r·.;.r in t he;:;e p:-e_·nro.·~ion~-:; dor.J 

with t he consistency of isoldion i s pr e;,enLed as j;roof of isoldion o: 

8imil3 .. r d i ffi culties ha.ve bocl! rci)ortcd •::hich revea.l e d su::­

l imind infection,-, o"'.:' ton,,to mos a ic vi~us (r:.:v) in a number of ho:;t::: 

incLtdin,.:;: '-1.Prle (Gil ner & ·::ni:s , 1967; I·:i:-k:r:;..tr:i.cl: (,.;, Lind.er, 19C:~) , 

cot Lon ( Cheo, 1970) , tul i ri (;~okra et ·al • , 197 3) c.n<l. ·:1hi t e c::.sh ( !fo.nc. .~ 

A · 1974) ~1th · ' d' f~ .L • rmp r ' · ' l .L C '''! · (jrl.OG , • :~ O\l'-~11 a l ICrenv Vi rus J. • . i lS Sl.":11 e.r ~o :::.:::\>: • ln 

a number of <:s 1)octs , p~:r~icuL'..rly stability , tr .... "'.n::i::iission by h ;-o..ndlin:~ 

and 1 =-~ck of b10·.-m a rthrOl)Od , nem<!tode o::: funcal vcc·~o~::; . 

CarllV infected c::i.rnation usuu.lly cont:::.ino a hii:;h concentr~'..t­

ion of vi~ions , a) parent on elect ron microscopic exrurrin.:ltion , nnJ dilu ~­

ion end- point infect ivi ty tests . Hov:ever low levels of CarlJV have beE>J.1 

found in heat treated ca.rm.tions (Hollin3s & Stone , 1964) and hu.ve been 

call ed ' attenuated ' Carl!V. Poupet et al ., (1972) observed similar lo·,; 

levels of apparently ' a ttenuated ' CarMV, but these ca rnations hed no t 

been sub j ected to heat t re;;.tment . The infect i ons were not detectable 

serologically and isolation was only achieved after several serial back 

inoculations t o C. quinoa f r om the primary host. Characteristics 

1 Duncan and Davies Ltd. 
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in daphne. 

2 . 3 Trt.AH:;ur ssron FHO:.I n.u mrs 
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Experiments were conclLtcted to improve the trans mission of 

D-CarI.~V fro!"'J daphne . Several primary inoculation hosts \'tere tried 

but C. ouino;:~, C. cuinoa Va riant 1 and S . vaccaria were found to be 

most :_'eliable, v1 ith S. vc:.ccaria. beins a Hx1rently the most sensitive to 

infection al thou0h J i _s plcyin.:_; l e ss distinctive syr.:_')toms . In one 

e:xperin!ent a. ·:1hole rane e of c.~dd.itives t o the 0 . 0 1 '.~ K- K,., phos:rhate , pH 
c. 

7 .o buffer were test ed . '.:;ever :'.l batches of daphne flo rrer tissue ;•1ere 

used ~s inoculum and as s ayed on C. quinoa . The follor:in.::; c:ddi tives 

7:ere te s t e d separately .:md in sever2.l c o;..bin:..ti onc : 0 . 5~~ bentoni te , 

1;'.-b caf feine, 0 . 01!.I Dieca , 1uill EDrA , 1~ rrwrca1)toeth~nol , 1fa nicotine , 

10,~ phenol, 1 5~ PEG , 1 }~ polyvinyl pyrollidone , 0 . 1~ j TGA. Only inoculw"2 

in the bontonite - phosph~te buffer pro~uced chlorotic local lesions 

directly on the prirnetry inocul<.ltion host (C . ouinoc:) . The other 

c.ddit i ves u.nd combim.tions allowed trru1 ::;;:-i ission to the primary ho :::i t 

but the symptomless irn"'ection s h 2.d to b e verified by transmission to a 

furthor c. guinea . 

Do.rhne flm·Jer ti s sue or youn.::; l eaf ti ssue i'IC. s preferred to 

older leaf ti s sue for i s ol utinG D-Ca~V. Direc t inoculo.tion using cut 

daphne lec.f surfaces and. rubbinz; them. on 8 . quinoo. le3.ves did not result 

in any syn ptoms , althou0h ba ck inoculation tests aeain revealed the 

presence of D-C3.rl1V . The transmission clifficul ties with D-Cu.rW/ from 

daphne further illustrate the low infection levels present and emphas­

ises the care that must be taken when in,lexi~ l!l ::!.!lts f or ' hish-heal th ' 

programmes . 

2 ,4 HOST RANGE 

Two isolates of D-Car11V, f r om D. odora ' Ru bra ' and D . x burkv100 dii 

' Variegata ' respectively , were inoculated to species f rom 18 families . 

Inoculurn comprised D-CarllV infected leaves of C. quinoa , N. clevelandii, 

or G. elee ans macerated in Yarwood ' s solution plus celite . Both isolates 

produced very similo.r host reactions exceptins that D. odora ' Rubra ' 

isolate produced somewhat more severe symptoms compared to D, ·x burkwoodii 

1 sensitive strain sel ected on basis of leaf shape . 



' Variegat a ' isol ate . 

AIZOACEA.E 

Tetr.::i"'onio. tetro.;-:onoides : lo c~;l chlorotic blot ches occa.ss­

ionally r::c crotic local l esions ; systemic mottlin.:; . 

~\J:l.<.:ranthus c:-~ud<:.tw.> : 'L ove Li -::s Eleedin.:_: ': symptomless locc:..l 

infection. 

Go!:!t:lhrena cl obos<~ 'Little l3uJ.cl;y ': local chlorotic blotches; 

no sy3teuic irL'ection detected . 

Lobel ia erinu :; L .: syrnptomle:::;s loccl ~u systemic infec tion , 

reo.dily recovered on b:..:.ck inoculc..t ion to C. crninoc.. . 

c~;Jrf O PHYLL.AC:Z.m 

Dio.nthus b::i..r1::io.tus . ' Indian C:i.rpet ': in:Zreq_uent local syi;i.ptor::.­

less infection . 

Di;:nthu::> chinensis . ' Bravo ' : loccl veinal chlorosis; sys~enic 

infection ~;;,rrnptoctl.ess . Virus re<:.dily recovereLl on be.ck inocul:.. .. tion to 

C. ri uino::.. . 

G·,r -)sonhil'.1 olc"':;.ns : l ocal cmd systemic veincl chlorosis , hi._;h 

virus concentr<.:.tion r ecoverable . 

S::i.nono.ria vac caria . ' I'in.1( Bec:.uty ': loc.::il o.rnl syst emic veinal 

chlorosis anJ. leaf curlin3, high virus concen~rc.;.tion recoverable . 

CHE NO }-0 DU .. CF.:;.E 

Chenopodium Cll!laranticolor : 1 ~m local chlorotic lesions (5 d~ys) ; 

no systemic infection . 

Chenopodium guinea : 1mm chlorotic local.. lesions (4 days); 

systemic chlorotic flecks :..'.nd bl ot ches ( 14 days) with stunting and leaf 

curling (Figure 17). 

Spinacia oleracea ' Royal Denmark ': local chlorotic mosai c; 

symptoml ess systemic infection. 

OOMFOSIT.AE 

~.::ilendula of:icinalis: symptomless local and systemic 

infection . 
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Cnllistephus chinensis ( aster): locul symptomless infect ion; 

systemic mottle . 

Heli.:mthus c.nnuo (Sunflower): 3Jrr.1ptor..less loce.l and systemic 

infec·~ ion . 

L·.ctuca sativa 'Calriar ': syt1I;tomless loc.:.l a.nd systemic 

infect ion . 

Zinnia ole;·;ans ' Cactus Flowered. ': loc:J.l 2nd systemic mottlins . 

CuctUnis sntivuz ' I.:arl:eter ' and. ' l'oluris ': locc.1 chlorosis; 

sys~emic blotches and vein;:.l chlorosis . 

Cucurbi ta rycpo ' Sr.Jall Sucar ': loc:..l chlorotic blotches ; 

syster.1ic rnottlirlG . 

t:omordica be:.lso.r::in2. : symptocless locc..l c..nd syst emic infection. 

L.~I :'"1:1 • .;L 

Ocimur.i bnsilicun: s~/mptomless locd ;md systemic infec Lion. 

L::CGtn~IUO S.;::J 

Cc.ssi:i occident<....lis L. : fev1 local nccro~ic lesions or sympto::­

less infection; nycteraic mott l e , chlorotic fle:..:l: wd occasionally 

necrotic line l)~ttcrns . 

Dolichos biflo~n : few local 1om chocolate colored lesions; 

symptomless systemic infection. 

Pho.seolus vulcn:r-is ' Top Crop ' : loccl chlorotic mottle ; 

systemic chlorotic and necrotic flecld.n:~ or sym~toalcss infection. 

Pisum sativum ' Greenfeast ': local and systemic mottli?lG or 

symptomless infection . 

Vicio. faba ' Coles Early Th'larf ': 1mm chocolate local l esions ; 

systemic mottle and margin necrosis . 

VifV1U u.nguiculat~ subsp . cylindrica: 1mm chocolate colored 

local lesions (4 days) or symptomless local infection; systemic infect­

ion symptomless . 

Vigna unguicul at:l subsp . unguiculata: 1- 2mm chlorotic local 

lesions l ater necrotic; systemic veinal chloroois or symptomless infect-

ion . 



SCRO .i'HURLA.RIACE.AE 

Di:~i tal is purpureu L . (fox2love): symptorrl ess local and 

systet::tic infection . 

Datur~ strrur.oni~~ : ----- --- - 1 ocn.1 chl orosis ; syster:iic mottle or 

60 

Lycoricrsiccn erJcu.l entum 'I.~oncy I.:~kcr ' locd chlorotic blotch­

es ; sy stemic chlorotic flcc~ine . 

iTicotia.Ile:. cl evol a.ndi i : irre.r,ular chl erotic loc.:il 1 esi on .... , 

da.r'. · bro-m on a-:;inc ; systcr:1ic veincl chlorosic ~nd oottle . 

lficotiCU'ia debncyi : loccl an..!. syste!.:ic sy:-.:Jtomless infec:ion . 

detectable, synpto!:!lcss . 

~~j cot icrl'.l clut i!'los<: x Uicot i;~r.:. cl evclcmdii : feint chl oro L ir.: 

loc J lt:;sion . .; ; syste! .ic ,::ottle . 

Uicoti::nt.: rustica : local chJ orosic; syt.:tcmic chlorotic 

blotc!.es or syo: tor.J.ess infection . 

::icoti<ma t 1.bn.cum ' lhvnna ', ' ..;<!r:mun ', ' .. hite :Durley ': ~· . inl 

l oc: 1 chlol'o~ic tlotcb:s o:..~ r,yrnptomles:J loce:.l iu:i.eci.i.on; systemic 

PetuniL. hyLritl <. ' Rose o.!: Het..ven ': chlorotic local lesi 011~1 ; 

sys ;,.cr.iic Lli] d !:1ottle and chlo:-otic flcc:~in3 or ,;:yT:1ptoclless infection. 

Pl' yt;c.l is :'r~ uchotii : loc~l .:,.;.ncl systor::ic s;,--ruptomless i n::'ectl ou . 

Tropueolu•n mn.jus L . (nasturUUl':'I) : loccl vein:::l necrosic; 

syste~dc mottle ~nd chlorotic fleck . 

VSRBENACEAE 

Verbena hybridu Voss .: Loc~l and systemic necrotic fleck and 

l eaf curling. 

Infection of tho following hosts v1er o not detected: 

Antirrhinum majus , Apium craveolens , Ar~~bis sp., Ilracsica olera ceu.e 

var botrytis or vur ccpi tc.ta , Drassica pekinensis , ?rimula nalncoides , 

Tithonia sPeciosa, Torenia fournieri and Vi nca rose:::. . 
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These results reveal D-Car llV has the <.!bili t;;r to infect a 

diverse ran~e of plants, <:?.l thoueh many <..:.re only infected l ocally. 

Back inocul ations to C. guinoc. demonstrated very lov1 levels of D-Car 

LP/ in nc.ny of the systel!lically infected hosts , tut p:irt icularly those 

in the cor;ipositae , cucurbitc.ceae , lecwciinos::.e o:.nd aolan.::i.ce-.:.e . 

Tho host r ange of :U-Carl.IV appe<.rs r:1ore extensive than that 

of CG.r~!V but the dic.cnostic species for Cur1'.:.V - Chc:iopodiurr. ar.K1ranti-

color, Cheno1101lium (~uinou , Diu.nthus chinensis , Gori_il1rcna r,lobosa , 

Hicotic..n<~ clevela.ndii .:md Tetr·~"s;;onia tet r c.conoides - a ll reacted to 

Il-C;.irKV in ,,ccordancc vii th reports on Ca.rl.1V (Holl in__:s & Stone, 1964; 

Ko\'li.1.lsku. , 1972 ; 3r.1ith, 1972) . 

Because C::.r~~V c .. n be readily transmitted by ha.ndlinc infect­

ed plu.nt m<- tericl , pa::-t iculu.r c'-l.re v1;.s taken rii th ,;)...C:.!.rl.:V to ensure 

contar:tin:-.tion did not occur r:ith infection-ve::-if'ic~.tion tests i.e. 

buck inocul<. tions to C. nuinon . 

The b;...ck inocuL t ion tests to C. " uinoc;. fr<:: •J_uently r c sul ted 

in ct fe•:1 ( 3- 10) chlorotic local lesions hence further back inoculations 

Ytere r:J<.de :'ron: the prir:w.ry C. r· uinoa to verify C:.?.r: :v infection . Pou pet 

et al., (1972) o11scrvccl a sir.ilt.r situ~1.tion \'lith un :_pp<~rent ' .::..ttenuded ' 

ctrain of c~:n.:v , 1.Jut lov1 levels of virus infection in prirna.ry inoculu.ted 

C. nuino~~ , l~ . tabo..cur.J ' S<:?.~.1Sun 1 , ' Xanthi ', H. rluti!'l.OS'-1. u.nd Saponaria 

vacc:::.rio.. •:1ere difficult to detect . In.f'ections could only be verified 

by k"ck inocul:-.tion to C. quinoa because of l~d: o: syraptorr:s Q.rld the 

unroli.:.bili ty o-:: serolo::;ical tests . 

2 . 5 VSC'l'OR 'l'Rt'JJSI.:ISSICJ 

Ho aphid trunsr.iission of D- C:.i.r:.!1/ vt'-1.s c.chicved in three experi-

ments , tv;o usine; I.I . persicae , a nd one Li . euphorbiae . Aphids were 

::?.llowed to probe for 20 seconds on det<:?.ched S . olera cea (spina ch) and 

transf erred to, t ·:io pl::?.nts ea ch of C. ouinoa , Gypsophila elegans , 

Saponaria v~ccari<J. and S. oler;..cea ( 10 aphids/plant) . All plants v1ere 

back inocul u.ted to C. auinoa after 2 <!nd 4 weeks . The back inoculation 

t ests \'1ere all neBu.tive , indicrtting no aphid transr.liss i on. 

These results <:!.re cons istent with that reported fo r CarlIV, no 

natural vecto r having been reported (Hollings & Stone , 1970) . 

2 . 6 PHYSICAL PROTE.~T~S r:-r CRUDE SAP 

The TIP of D-Cari.:V in crude sep, determined from infected 
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C. guinea l eaves -ssayed on C. nuinoa , . .:.s 90-95c . A DEP of ca. 10- 6 

was o'!;~uined from both locc.lly in::'ected C. guinea and Saponn.ria vaccn.ri:.!. 

assayed on C. g_uino::i. . In c arna tion , C<~rt:V has a re1.orted TIP of 9CC 

and D:SP of 10-5 (Hollin3s & Stone , 1970) . 

Her;c..t.ive ::;taininc.; 

In D-Curt!V infected dn.phne l ec.f or florier tissue, isometric 

pc.rticles ;·;ere extre'.l'lcly difficult to :::·c: .. ;ol ve wi "~h the electron nicro-

scope . Eec~u:;e o: the c~~trer.iely heterc .. :eneous rw.ture o:' such ne;-ativc-

J y stained squ::sh homo.'.::en~,tc::; . Ho1•/evc;,r D- Cc.rI.:'J inf~ct cd C. ouinon., 

G. elee;:inn , S . vn.cc2.:ria c.rnl H. cl evcla.n~~~~ tissue , •:;hen similarly pre­

pared c.nd vie•,;ed in the elect ron microscope , r e·1ec.lcd numerous i somotr:'..c 

particles : re:iuently in closely ::ssoci:-~tccl a.ITayr; (?i_uros 18 l: 19) . 

hich concentr:.i.t ions of virus p:·.rticl es j n no,:ati ';cly :·;taincd infec".;od 

tissue i s quite chc.r2..ctcristic for Car~;'/ 01obl e2..:-. , 197 3) :...rid other l 'or:' t..;.­

virus .:;roup wembers (:.·a.rtelli ot '-:1. , 1971 ) . 

Virus particle~; were stable in l'TA sk.ins ·;;i"vh a p!I r c..n .:.;c 

f r or.i 4 to 1 anu in ;.:.~ :rJI5 .3, but the nc:: ~:• tivc st::i.in oixture JJl- ?I'.:,, ( 1: 1) 

1·1c.s preferred bccc.u.;e o.:: the conbin::tioi·1 of cood virus contrast and 

Jarti cle dispersion Jrovi dcd . Purified prep;:...r~. ~ion.; of C:lr:.:v reve~.l ed 

hich conconLr~~tions of ico1.1otric pci.rt iclcc , r;herc .:.:..: done \'/2..S used ~-­

a nec:..~tivc st'1in bec:;.u.~e o:: the sc-..tisf.:.ctory reuw te attained . 

D-Co.rI.:V isor.ictric p~rticles h.< 'l t.!n o.vcr:: . ..-:;e diameter o~ co. . 30nm 

(50 particles ) . The re:iorted p~rticl e ::i ze for Car:-:V i.s c u. . 28no 

( Holl incs & Stone , 1970) . 

Ultrnthin sections 

Ul trathin sections of both loc:'.l ly cln.J. systemically D-Cur1:V 

infected C. qui.noo. tissue :!c.s examined Hi ~h the electron nicros cope . 

The cytoplo.3m of infected cells contained n. .::;re:,.t mc.ny virus particles 

randomly distributed around cell oreanelles ; chloropl asts end mito­

chondria . The tonopl ast wo.s frequentry broken G.nd numer ous v i rus part­

icles could be detected in the vacuole ( ~iJUre 20a) . Vesicles contain­

ine virus particles buleinc into tho vacuol e thro~h the tonopl ast were 

observed (Firrure 21~) and detached vesiculo.r s~ca containing virions 

coul d bo found free \'tit!1in the vacuole ( -:;>i~re 21b) . La r eer prot rusions 

containine arrays of virus po.rticles were also observed (FiBUre 20b) . 

Simila r effects wore seen i n sectioned D-Ca.rllV infected N. cl evelandii 

u.nd s. vaccaria . 



64 

Veri:fi cs.t ion thc.t the isooetric pnrticl0s observed in t hin 

sections v:ere virus particles ·:ms obtained by their s ize (ca . 29nm), 

ancl s i1:1il ari ty to po.rticl e s r eported in me.terfr.l in.:'ecteU. with other 

. t . . (D ., • Q G ' isom<, .r::cc viruses o .oc .,en v: aaru , ~.~<.·.rtcllj l: Husso , 1972; 

Rubio-Huertes & G(i.rcic:. Hidal c o , 1971 ) : .ncl tho ;,tsence: of such pclrticl e s -

in h ec.l thy C. r1uino~' tissue . Virion;.; ·1 ere o.l ;)O !'eo.dily diffe re:ntiutoi 

fro o cellular ribosomes by the size anJ uniforr:.i 'vy o:' ::;taining 

(Ficure 200. ) • 

Similar result s for Car!.:V h<we been re~·o:::tcd by r.olileda , 

( 197 3) riho found nUf.1erous i10.!'ticles in the cyt o11l asm , va cuole <.:.nd vi i th-

in nucl ei of vu.sculo.r tissue in; Atrinlex horto!wi L., Chenonodium S.P!J • 

and Di2nthu s spp . Dennett , (1956) and '...: cl:neider ~d '.'!orley , (1959) 

s u[;._:e-1t the presence of virus pci.rticlec in the v2.sculo.r tissue indicnto.3 

lon,::: dis tan ce trans l :i.t ion of sm<:.11 j_ so'. ~:; tric viruses i:> a chieved throu__;h 

vo.scul~r tissues . 

The prese~co oc':' ve s icles con~.c:.inin.::; virus ri;.:.1'ticl es at Ji,he 

tono 1>las t h~~s been re r>orted for tomato !-:ushy stunt viruses ( Russo et c.l ., 

1968; fo. t t.> GO (,; l:o.rt8l li, ·1972) . '!.'he function of' tl:ose vesicle s h:..;s 

been pro::-ioscd as r.iechc.nisms for- virus tl::..sposo.l beyond the mcr.i'brn.nc;; ~:;y ;~ i.e:.1 

of the c ell , (Russo c; t d ., 1968) . '.''hen .:i.d.vo.nco st2..;~e s of infection 

o.r e reacl~ed the 'Jirus p::r tj_cloc tencl to occupy <!ll the ::'.VailoJ1l e s:1aco 

in ".:he c~ ll 2nd this ' pre.,sur e ' cre <.~. t cd r•oss il1ly rcc;ul ts in the cc] l 

dis11o:; inr, of virion::; by vesiculo.r e.:.; r ec::iion into the vc.cuol c . 

It i s unlikely ".:ho.t the observed v:-.cuol<lr locc,lizo.tio11 o:::' Cc~:..n-

!.IV i 3 an 8.rt if2.c t result int; .'.:'rom tonopli"~:J t d.c.i .. '-··~c b oc.::;.use o: tho cli s co ve ry 

of whole vesicles in the vacuole containin,,<:; virons . li'urthcm.ore , the 

virus particles \'/ere not j u st r a.ndorr>ly s cattered arnl the tonoplas t w:.i.s 

still intact in most c~ses . 

With tom:!.to bushy stunt virus , particles are frequently found 

a ccumulated in the cell nuclei ( Russo & r.Iartelli , 1972) an effect 

obsei-ved by Robleda. ( 1973) for CarMV. Some pe.rticles of D-Ca.rl!V were 

observed associated \'Ii th cell nuclei within the nuclear membrW'le . 

Members of the tombusvirus c roup in which Carl.~ is tentat ively included , 

appear to display simil ar e~fects on l ent ultr~structure and virus 

localization . 
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2 .8 ?URIFIC?.TIOH 

The high lev2l s o:' Car!.~/ inf•-ct ion observed in several hosts 

and the viruses r el ative ot<lbility (Hoi.lin.:_:s l:. -~to.w , 1970) emble the 

purL'ic~;t ion and concentr·~t ion o.f larc;o amount~; of vi:::-us qui te re:.J.d.ily . 

A prococlu.rc si·:.i1 a.r to the schedule o_' Ilollin._:G o..nd Stone , 

Ten to 15 old CarLTV infected 

(loc:..J. 0.: systemic ) C. cuinoa or N. cl<:.vol.1n11.ii le:.l.ves were harvested 

and hon:o.::;cni~eJ. ::ith 0 . 5 .. ~ !~-K2 phosphate p!-17 . 5 buffer (1 . 5r:.l : 1 .:;m 

ti..;suc) incluilin,s the additives 0 . 1; TG;.. and 1r.i.: EDrh.. After e:q;rc.s~-

ion of Lhc s.ip- bufi'er hOL'lo,:;enate ihrou__;h cheasccloth emusification ovec-

ni...;l.t \•tith 8 . 5/~ n-butanol ~t 4C :1;_s carried out . '1'he emulsion \'.'C.S 

then trol~en by low speed ccntrifueat i on ( 12,ooo_i10!:1in) und the super­

ncitc.:1: rct~.:.ned a:''te!' :'iltcrin['.' throu3l~ .:;l c.ss 1·1001 . The sur)erno.tant 

'::as then subjected to ul tr~ccn~. ,·ifusation ( 100 , ooo..:)7omin) or PEG y.1rc­

cir1i :ution overni[;ht ( 6,~ :P3'} + 0 . 15:1 U·.Cl ) .::i.nd lo·:; speed centrifu._:~tioL 

to 1•cllet the virus . 'l'he pell et ,.,~.s r".:suspendccl in 40ru 0 . 05:.: :· - K
2 

pho:._;h<J.to <:?.n,l 0 . 5r..r~ "'..:.~?frJ. .. buffer pH7 . 5 fo r 1h at 4C o.nd then subjocte<l. 

to '- _'\.>.rthor cycle of :l:: n ~c::.·ontL .. l centrifu30.t::.. .n . 

rifu ).:t :.on cycle D-Car!.!V · · .·: pelleted ( 100 , 000.:;/30rJin) th.rouch a y .l 

' cw;!i ion ' of 20;~ sucrot1C to re1:10ve additional cont: .. :rim.tin.:; vl<:~ ~. -::o::-... 

en! .. . 'l'J-.c fin~:l rurii'::..8cl virus J·cllet ·:;as 11:.::hcd 1:ith di .,.-tr: l · l ·. · L .· 

at 4C . The perio<l. o: ul tr .... centr if'ueation (70-SOr.!in) •.·10.s U.etemir,.-~1 

simiL .. rly to CI~V-D (cection 1-7) exce;::'t::.n,- th.:it u seJ.irncntation coc:f:-­

cicnt 122x10-13 soc- 1 •:1:,s used for c~ .. r.··1- D • 

. \.s this isol<... tc of Carr.:·1 rou.1,;!1..::d a hi-..h conceutr: .. tior1 in .!l • 
clovclandii purified vi.cus preparations were ecnl)rdly less contw~1inat­

ed by plant components this host was praferred to c . c1Uinoa as u. virut.. 

source for purification. N. clevel a ndii D-Curk'V purified prep~rationL 

contained fewer F
1 

protein particles when viewed in the electron micro­

sco pe and did not react again:3t ' healthy ' antisera. when diluted 1/2. 

Hollines and Stone , (1975) also recomoend N. cl evelandii for the 

purification of another tombusvirus , tomato busby stunt for the same 

reasons . 

Butanol clarification wus uaed in preforence to chloroform 

on tho recommendation of Demaire a nd Kummert , ( 1969) v1ho observed, by 

spectrophotometry clea ner virus preparations . ?reparations of D-CarL'V 

obtained by di ffer ential centrifueation were eenerally superior to PEG 
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pr ep::i.rutio.1n bcco.u;:;e of the lov1 1ar l eveJ ~.:: of contumin<ition . 

Sodi Mnnt~t ion coefficient 

Three se::1'1rG:.t' a no..lytical ccn~ri :'tl[':e runs e:.ch revealed a 

sin. 'le !lomo ,~eneous sedimenting virus p~·1l: (?i:-;ure 2~) for D-Car:.."V 

puri fi0d prcpuratiom; 1,·1iLh s edimentatior: coefficients (uncorrected .for 

viru.; concentr~.ticn ) of 126, 124 e nd 120 S rcnpccti·Jely . 'I'hc sed:i.c:Jcr,-

tat i on coc!'ficicnt :or D-";::i.r~.:v •:1~s thus deteroin..,.d ;;,.s .::; = 120 x 10-13 

- 1 1 sec or 120.::; • This vw uc is in eenr;r:..l ccrccoent \'! i th that repo!'tec!. 

for 8'""rl.!V : 122S (F!oll in, ;s & ::;tone , 1970) • 

UV '1'30r' tion s Jcct ri.L':'l 

Prcpu.r~tfon:; o;~ purified D-C:.r~V hn.d the followint; UV 

c..bsc.c·vtion spectr<.J. eharncteri ::tics : A r.c..x cmd A r:ii n occurring at 260 

und 240m rc::., 1)ecthely , i~ r:ic.x/min = 1.~9 , A260/280 = 1.59 . These 

vcl ~cs ure con:;istent ·.:i th th~t reported. for C<..r!.')/ (Dem~ire & Kumruert. 

1969) :.triLl other too bus virus ,3roup member~ e • .: . tomc.:.to bushy stunt .:l2Go/ 

280 = 1 . 62- 1.6G (1.:o..!·tclli et cl ., 1971) . 

Summ;.;.ry of :?hyG i.c·~l propc!'t i os 

Purified f:cor,c .. r ·_";ic ns of D-C::.!·::v yielded cu. . 500me viru::;/~c 

tis. ;uc h~:.rvcGted , h~d c.n infectivity dilution end- point of ca . 10-7 
?.1; • 

maintdne<l infcctivi ty for several weeks . Prep~ra~ions <lid not re~ct 

u3uin..:; t ' ho~ltliy ' u.nti:::ier:.1 but reacted utronely ~·.e~inst Car·!:V anti..:.>era 

at dilutions dO\'ln to 1/1000 . E:xo.rnin:: t ion of neca ti vcly sic.ined prep..__._ 

ationo in the el ectron microscope pc.rticles ca . 29m ,·•ith little 

cont:1min•1 tion by F
1 

pl..:n,,, protein particles . Prep: rations ex'1.mined iI1 

the an::i.lyticc.l centrifuee had a sinele homoc;c,ncous sedimenting virus 

peak . ...,i th a sedimentation coefficient o:· ca . 120 3 (Figure 22 ). Spec. ro-

photometry revo:l.led a cho.rn.cteristic aboorption npectrum with values of 

A 260/280 = 1,59 and A rnu.x/min = 1.26, 

2 .1 0 cn:rc .. Ui COI.!FOSITIOi~ 

SDS-Polya.crylrunide .:;el electrophores i s of i solated viral RNA 

RNA extracted from D-CarllV purified preparation was electro­

phoresed in SDS polyacrylamide agarose eels to determine the number of 

1 co1' 1·ected for zero virus concentration 
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RlU1. species and their res1·ec t ive molecular ~·1ei5hts , that this virus 

ence;.r;sulates . Polya crylc.r:iide r;els of 2 .o and 2 . 4)b \'1ere used in the 

el uci da t ion of D-Car~.IV IU:A s pecies al on.::: vii th 2. period of 90min 

electrophoresis . Several Fi2~A s tandard:.:; were included £mLl a sta.ridard 

curve sirailur to Fi;:;ure 13 w:'s constructed from uhich D-C,_rt!V RHA 

mol ecul ar v:eights could be det ermined . 

Tremdnc ( 1970) d.cte:::· .ined th1'l RNA o;.· :~enot1e content of Car~~V 

0 7·' as ·1 ,,- • >, thus a rr;A mol e cular \'1eight o: c~ . 1 . 31- 1 . 52 million dal ton,, 

c:.:.n be c~lcul[;.ted . :. 0enomo , comprisin.::; a s in~le :u~:. species v,rc;,::; 

deto:·mincd for C:irl.IV b:r· I~:iper end ·:,·:i t er'.:orth ( 197 3) it canst i tut ed c • .:--. • 

1 87~ of the p:~rticl•:i weicht . 'l\;o empirical raethods · .. ·ere used to deter­

mine the sin.:)e m;Jl spec ie5 r:iolecular '" eicht: sedimenta tion velocity 

ul tr<.~centrifu~a.tion; and polya crylarnidc ~el el o...:trophoresis . Usin._: 

tho s•3 , vduos of 1 . 37 :.:.nd 1 . 33 million d.:cl tons i·1ere ob t a ined fo r the 

respective methods . 

A s in.:.;l e RIJ;._ Sl)Gcies was reve:~led f or D-8:....r~.~ extrc.cted ImP. 

on el octrophoresis in SDS-polyacr-,tlwnidc 113arose eels (Fi.zur e 23 ). ,. 
Val nee; of 1 . 51 o.rni 1.38 :·: 10° d·-.1 tons ·~:0re obt '-!.ined in two separ ei.tc 

e:cperimcnt s , for the sincl e n.::x_;, species r.1ol e cul :.:r \'1ei3}1 t . A lar.::;e 

heteroceneous (broc:.J. ) :!_'le:.i.l: ·:1c::.s c..l so ol1sc-rved on ~he scanned ::;el tr;ices 

(Fi..:;ure 23 ), this ,.,"""! ...... 
''U..J f ound to correspond ·,., i th o. sir.iL1r bro~d pcc.k 

ob tuined ".: i th ill.TA e:xtrc:.cted from p:.1.rt i d ly puri f ied ' he~l thy ' pl nnt 

tis sue . 

fraemc~?:ts of pl ant ori,3in . 

The result s obt:.:.ined i:1i th D- C·:rL:V reve~ Good correl a tion ·vi "... h 

that repo::!.· ted for Cc.r:.~v (L ::.per & "iuteri·1orth , 197 3). The characteristic 

s i ngle m;A spec ies (c. a . 1 . 5 mill ion daltonB) of Co. r IJV i s typical f or 

other tombusviruses (~art elli et al., 1971) dis til'l.'..,'Uishiri,s this virus 

group from mn rzy- other s . 

2 .11 IMLKUNOLOGY 

Unlike CLIV, CarlJV i s a g ood immuno&en, (Hollin.:~ s & ~t one, 1970 ) 

a res ult l argely attributable to the virus high stability (Hollirus & 
Stone, 1964) and therefore specific and hi gh titer untisera are easily 

prepared . 

Antiserum to D-Cur EV was prepared by a s eries of three intra­

muscular injections and t wo intravenous inj e ctions a t weekly intervals 

before bleedine the rabbit . A dilution of 1/30-1/60 Vias determined 

as n ost suit~ble for ~el di ffus i on test3 . No reaction a.,gains t 
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concentrL.:.tod ' hc.:;.l t!v ' p:rc.:_'L.ru.tion v1us o . .;crvcli ·::it} D-C::.r-:.'.:V antineru;:, 

when diluLeJ 1/2 or l oner . 

~Car'..:V iJ-::;nti ~:,· ·;:;-. .; con"irrncd by 0orolo...;ic.:.1 re(lctiow; <.:..~o.in~.t 

C£;r..'.'J antiscr11 i11 Cuchtorlon;)' _::el di:'fu · :on to.·":.; (~~o·.::!.e , 1973) . l'u~·i-

1 

tl1e C:.-.r: .. t.: . J. ~~I ' anti t>crur. • IJo re:..:.ctjl .::; •:1crc o~ :;ervccl bot·.:een tLo 

;::;orolo,_;ic~~l re::-.ction: .:ere 2.J.~.o attained usin0 E . C1r :c:-

l.:rn<~ii pl~nt :.><.!p infoc·;;oJ res_ ectivcly .ith J- . .J:.r: :v ~mcl a cu.1·m.tion 

l'!'o ~;o::olo~ic;.,l re~~c~ :'._c;rw .-:c:..'0 ok;ervcd ·:1i th o"..hcr 

:-...nti.;er~ -::o toobu.;v:iru~;es inc:l ulin._; : e:.1'11~.tion rii1.:.;pot virus , .::.nd 

thrGc ~:.r:ti:.;orc. to to:;1;_ .. to bu1:;:iy stunt v.i.·us ( ~L8'!-232 , '.:'I:.;'/- CC!LI , "''''~'!- ' ··p· ' \ - ... _ "c) ""J• 

1. co::1~::.:rL'on bc'.;:1ccn dG.;:>hne ~·:·:d cc~rn;_:!.ion isolc.:tes of · .r:.:v 
r1~s conducted ty ._;cl tli:'.::'usi on .:.nd ir.;;-.n:::ocl cct::-o.._:l:orc::;is test:; u:::i:..n,~ : 

;;ir1::.lar to those u.;ed in Lho c~.r:.·:v idc_.~if:..c:.t:'.cn to.;;-';:; , \;ere incluJ.e._1 

':1l1c .::;cl 2.i:::'fu:::;ion tests reve ..=.-
eel th . t D-C~.r::v :....n.: 8::.:!.·~.:V- c~u·rn.:t ·i ·~in ir;o:!. :_":;cs wc_·c Llcrolo__;i.:::u.lly co::::.l .:-

:Jim:il;;.rly im:.uno,)lcct:·o~horesis tests r8 ve<..led tl10 anti.::;cns \·1ere c:>:.~r·l 

rr.ent~I"J, i.. sin,;l e: ;:nti._:cn component w:~~. ~·ound. ior· D-°j.:.!ri.~! o.nd Ce.r:.:•/-

earn· it ion . 

ly fnrt hcr t::1.::tn the ~.:>..r~ :1/- co.rn::t ion a.n~. i ·0:1c 

D- C('..r:~v ~·:..:.n ccrolo:_~ica.lly ind:..2tin:.,-t;j sht::.blo f r om car nation 

isol :.. tes of ~<lr~'V o.l ~hou,;L str:;.ins of 8~~r~.~ have been differenti ated 

ser ol ozica.ll y (ICenp l: Fc.zcb:.i.s , 1966) . The ' nttcnu~.ted ' f orn: i s hov1eve_· 

indiatin[..-ui shuble from th:: ' type ' strc.in (Hollin. ·s & St one , 1970) . 

D-Co.rJJV ia similc.1· to tho 1 :....ttonuatcd ' r'orn: o f c~~r:IV , wi t h very low i r1..'.'oct­

ion l evels in its n~-';ur~l t-ost , and as ~ conseQuencc D-CarUV could perhaps 

be expected t o be serol o.:;icull y sirnilu1· to corcmon cu.rno.t i on isol ates of 

the virus . 

1 
VPRI abbreviat i on ' Victoria Pl ant Research I nstitute ' 
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2 . 13 DISCUSSIOIT 

The virus D-Ca:::-::v isoluted from do.phne , v;c.o identified as 

u toi. liu~virus on sever;::.l ehu.ro.cterist ic.:3 : limited host infection ; 

hi r-.h stability in crude sa.p; a sin~lc :.;edimentin~ virus component 

of c~ . 120S; a.nd a. sinclc PJIA sriecien of co. . 1 .3 million do.ltons . 

'l'hn :'in- l i dentity of D-C:'.rI:V wo.G conf h:~ed by seroloGict:.l reactions 

with Car ... 11 V1'HI u.n"'..iserum and the rcc:.c' . .:.on o: J-C:nr:'V c.ntiscrurn again~>t 

carrntion i solates of Ca.r?'.V. Fu:.·thor interprct;;.tion o.: :C.-CartiV host 

re:.--.c.ion :~ a~ded to this identific<itio11. 

':'ho uniqueness of this repo:ct , the i .• olntic;n of Car~V from 

o. ho..;t oth~r than co.rn:~t .i on , re ~uircd conprehenuive proof of isolation 

fro;r. tla rJ'b..nc . This proo!' \'J<.:s der:ion:.>tr.~ "vcd by .:~.:J o: direct purificat-

ion of D-C~1r:.:v fro1:1 ~l)hnc leaf <!nd fl c-.1er tissue sepe:.rately. 

?he infection of' da.phne by D-8c..rl1V G.r•JlCLl.r::.> to involve lovr 

viru . .i concentr<..t:ions , bcc:.i.us e little D-Car~V v1~ s recovered by direct 

puri r icL·.tion , u.nd the virus \':as difficult to i sol a te to C. quino<... . 

Jim:ilar low infection levels have been observed by IIollil18o & StG11e , 

( 1964) wi ~h r_e.::.t troel.ted c.:::.rna t ions , ' :... ttenu~ ted. ' Cc.rliV bein.c be.rely 

detcctu1le . Lik:e .. i::;e Four>et et al. , (1 ;172) o';Jservcd low infection 

1 evel :,; of c-.ppurent ' uttcnu,, ted ' Cc.rl~ in n:edi tc~r<:nc:m carnc•.tions 

after extensive ::;ori:.::.1 b~c:'~ inocula.tior1 1roc r:ir.J:1cs . 

Thus lo"; infection levels of ::ar!.:11 c::.nd the difficul tie~ 

invol ved in isolation as experienced· by Pou pet et al ., ( 1972) suc...;ent 

wider n.."'. tural infection of c.:.rnntions o.nd possfoly other hosts mey be 

expected . This situation appet.rs to occur in J.:: .. 'hnc , subsequer1t to 

the initiul isolation o:' Cur~V from D. :·: bur!C':1codii ' Varieeata ' this 

virus h• ~s been isola ted from a further two cul ti vars and isolation frcr1 

even more cul ti vars is 1 il~ely . 

The difficulties involved in isol ation of D-Car~V relate to 

the requirement of back inocul .:.tic n testn on prirna:ry inoculated hosts . 

This pructise could easily be overlooked or trea ted lightly and thus 

the virus could reo~in undetected. Difficulties similar to those 

experienced here have occurred in provinG TLIV infection in several woodJ 

hosts . 

Symptomless infection of CarL~/ in both hosts and the ability 

of the virus to be tranamitted between carn.::itions by handling , a feature 

which muy occur in dn.phne , insures wide host infoction. Clean stock 

programs would require heat treatment o.nd/or tissue culture to remove 
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Carl.::V i nfection . Un:'.:'o!'tunately probl cras with cle~ninc up carnations 

by these t eclmi<"!ueo h .:::vG oet •::ith 3i nurn .. er of di:'ficul ties ( Holli rl.3S 

t,; Stene , 1964) • 

'I'hc probl cr's invol vod in i n<lc .in.::; d..:;.. hnc for viral infect ion 

bccoi c :..:.::1 r 0vident <-fter foj s study . I ndc:.in::; f v.:: C'-.r1-~V could not 

be :lcne ·i-.y .:...J o: di.rect cl c c ~ron r.iicrv>copc e: "J:;in;..tjon <..ml r:iec!::mic~ l 

tr<.:w-r:i i ::rnicn tests '.'iOuld require <- com. _·chenn i vc pr o.::;rrunme of oerh!.l 

b ad: :i.nc cuL.tiom: . :·crlii~pG dire ct s< ·olo.::;i. caJ tc::;tinc c oul d b0 er -

for:.rd , r.ut thL. :oc- ,3 v nl i1:ely o.ft c r c c:cperjcm~e:;, oi' .i)oupc t 1.- t o..l., 

(197r~ ) · l·:o :'ound lo· ... in.:e-:;~_ion l evel s c:' C~.r::v ·.ere not serolo.:;i~=..ll ;r 

dctc ctQ.l 1l e in ca rnat ion . 
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J... virus or ' virus-like ' acent was isol .::.ted f rom Daphne odora 

' Leuc.::.nthe Variecata ' by For ster , (1 974) . After t he cletennination of 

i sometric virus p'1r,ticles earlier in t he present study the virus was 

tenta tively no.med do.phne i sometri c virus-2 ( DIV8 2) by Forster and IJilne, 

(1975) . Three isolates of this virus were selected and subjected to 

charactcris:.tion . On the basis of s everal cha r a cteri s tics , including: 

host syo:rrtor:iatology ; seed tr<msr:iission ; .::.nd r.:ul t i ple sedinentins 

components the virus wr:. s renOMed do.phne latent rines1Jot virus (DLRV) 

( */* : */* : S/S : S/*) :md is considered a prok .. ble ::1er.iber of the 

nepovirus ::;roup (Harrison & :.'.urant , 1970- 1974) . P~·oof that DLRV i s 

c. nm': virus wu.s not obt<.~ined in this study . IIo;'ievcr many viruses , 

whi..ch h <1vc some proper ties in com:non \'Ii th DLilV , 1::crc el imin~.ted because 

of the d:s tinctivc ch<::.ro.ctcristics revcu.led by .DL.1V. 

3 . 1 ~.:-A.TEin . .:..r..s ,~lJD I.:ETHODS 

The r:i::?..terio.1 s <..:.nd.. r.1e thods used in the charc:.cterisation of 

DLRV ure t he s&1e as outl incd under section 1 . 1 ·;1i th one exception : 

i sol ati on and u.nalys i s of DL:ctV RUA v1~s not c:~rried out , but an adui tion­

al tests , seed transmission, was i ncluded . 

Seecl transmission 

Two DLRV- -sys t emico.lly infected C. auinoo. pl :mts were all owed 

to p roduce seed and tr.is v1:::..s collected :.:.fter drJinc;- off . The seed was 

planted out and 3 week old seedlings wer e mo.cerated , either singly or 

in groups of 10 , inoculated to C. quinoa and any infect ion noted. 

3. 2 TRAUfil:ISSION FRO?.~ DAPHHE 

. 
DLRV was isola ted f rom a s i ngl e daphne cul ti va r D. odora 

' Leuca nthe Variegata '. No symptoms could be :!ttributed to infection by 

this virus . The virus coul d be isol :i.t ed f rom either flowe r or young 

lea f tissue macer ated in Yarwood ' s buffer and celite o.nd i nocul ated to 

C. quinoa . Sera ration of DLRV from ClW- D, which r1c.s al so found infect-

ing this da.phne cul ti va r , was a chieved by sy s temic pu.ssage of DLRV 

through C. ::i.maranticol or . In this host Cl.'V- D infect ion was 1 ocal ised. 
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DLR'J •:::..:.s easily <..nti consi.:;tently lsol c:...t.::U. usi~ the ;;.bove procedure . 

':'hree isolate .... . \•ere s elec ·.ccl fo r charac ~0risa.tion two beins obtained 

by the 1irocedure outlined .::.nd a thi rd w:. > an ori..::; in~l i solate f r om 

R.L . /or.:;tcr . 

3. 3 ,,,. 'f'\ ~rn """' , 't ,,.,,_, 
!' ...) ... ~L ... . •'" . 

'=1hrcc i:.:;oL .... t ,..:s 0:2 DLRV \'Jere s· inocul · .'~ed t o species [ron: 

13 f .:....: .. ili·J::; . Inocult.u1 C01Jl1rised DL::lV-:'..~cc Led :; . C'Uinoo. or n. 
ClevC'la.n:li i Jc;_·,10 ~ r::;:::::er<...tcd in Ya r ::ood' . sol utior. )lu:; cclite . Al l 

i oL.tos reduced very :::.i.::lil u.r hout rei..:. 't :..on~ . 

:'ollo ·od ': ::/ chloro.:iis ~.nd siunti~ o: t~ c r1holc :h~nt i·;i th l ee.: c;in:~': 

Cr>lo•;i::-~ arcenti~. ' "F'orest Fire ': locc.l chlorosis OCCcc.: io,!:..ll;. 

2- 3:: .•. red r ln:: :>pot local 1 es ions; syst cy;ic r::o;,~:l c 1:; ith LiJ.J nccr o .:: .: :.; 

c.nu e_;•in._uty of l a tor.J.l s . 

"";o .. ,, hr0r _·loLo . .::_ ' Littl e Bud.~- ': Sy-' .. _ 'vor.t:e.;s lo~:..l ani 

systc . . ic ir....fec .:.on . 

Gy:1sophila ele,,~.11'3 : loc3.l u.n :: Gynter:iic vein.c.1 ,1tr0U::.in_:_; 21.::. 

i rre.=_ul c:.r shaped rincspot J e.1 i ons (Fi01rc 24) • 

3apon'1ri~ v::.ccc.ria. ' Pink Beo.i..."!.y ': loc: .. l u.n:2. ;..;yste:.?ic ·v8.'..~ .. _ 

chloro::;fr ~nd necrosis Ci':. ;ul'e 25) . 

CHENO .20 DILCEAE 

Betc. vulcaric 'Yates early 1.'.'or:dor ': local 1- 2Dm red lesions; 

syste1:iic mosaic . 

Chenopodium amaranticolor: 1r::n chlorot ic local lenions 

(4- 6 d::i.ys ); systemic chl o.i.'otic flecking o.nd moso.ic vii th leaf r eflex inc 

( Fiei-u-e 27) • 

Chenopodium quinoa : 1-2mm chlorot ic loco.! lesions or 2- 3mn 

chlorotic ri113 l esions (3-5 days ); rapid systemic ohlorotic front in 

top l eaves (4- 7 d-:.ys) "'ith necrosis of youne l ateral shoots end ti p 

(Figure 26a). Regr eenine of l eaf veins fol lown i 01hile interveinal 

a r eao remain chlorotic - chlorotic voi n-net ( ~ieure 26b) . 
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Sninacia. oler:.icea. ' Royal Den.r.1ark 1 : 2:nm chlorotic l ocal 

lesions (4 days) ra,idly coalesce ; syoteoic vein<:!.l chlorosis (6 dtiys) 

vlitn the v:hole of top le.:-.·Jes becomin.::; cr.lor-otic , follor.·ed by veinai 

recreeni.n13 . 

COL:, 0 .JIT .'Jj 

C·.lendul.:::. officinalis : chlo!'otic loc11.l lesions; systcC"Jic 

tip necrosis . 

Sonccio crucntu:-; (Cincraria) : locc.l :..nd systet;ic chloro:3is 

or $ytnptomless infection. 

Zinnia ele; ;am; ' Cactus Flov1ero:~d ': syir:ptorJless infection or 

systc1cic mottling. 

CRUCTF'ZL...~..E 

Arabie sp : syi .. ptomless local o.nu syi..:ter::lic infection. 

Citrullus vul ·:.rif~ ' Golden Honey ' : locc..l chlorosis on 

cotyletl.ons ; systcr..ic chlorotic blotch<)s and. sycptooless infection. 

CuctlI!lis sati ·m::; 1:.:.::::-!-ccter ' un1l ' i:olaris ': chlorotic l oc:D. 

blotches ; oystemic chloro~ic fleckin£; on lo:te.L· true loaves , the rest 

symptomlc::;sly infected . 

Cucurbi ta ~ ' 3mal) :"'3ucar ' : loc::il .:-.nd syctemic chloroois . 

C-i::;sia occidentr...lis : no loc· .l rcr~cticn ; :.-;ystemic chl orotic 

blotcLes W1d r.ios.::.ic follO\rnd by necrotic flccki~ . 

Dolichos biflorw:; : symptomless local and systemic infection. 

Phaseolus vultpris ' Top Crop ' : nec·rotic loca.l l esions ( 1-2m~:.) 

and vcinal necrosis (Figure 28) ; syste1;,ic infection symptomless or 

chlorotic flecking . 

Pisum sativum ' Greenfeast 'i symptomless local infection ; 

systemic chlorosis of l eaf tips (1 2 days) . 

Viena unguiculata subsp . cylindrica : faint 2- 3mm chlorotic 

local lesions (6 da\Ys) become necrotic; systemic vein~tl. chlorosis . 

Vignn. unr;uiculo.ta. subsp . µneuicula.ta: 1mm chlorotic local 

lesions (6 days) be c ome nec!'otic ; systeoic white chlorotio fleckine or 

symptomless infection. 



SCROPHUL.A.RI,'..CEAE 

D:i c i tali3 -:mrpurea L: symptor:iless locd infection. 

SOL)JJAC:SAE 

L;yco;versicon es culentum ' San i.=arzano': local chlorosis; 

syst emic infection. 
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!Ticoti::.na clevelnndii : fo.in :; chloro-:: ic locd lesions (4- 5 

days) irreculc.:r necrotic lesions and rincsr>o~ s :'.:'ollo·:; ; systemic veincl 

chl orosis. 

~r· cotianC!. .'·l u tinosa : local chlorotic blotches ; systemic 

chlorotic fleck or synptornless infection . 

Nicotiu.na clutinosa x I~ . cl ev0landii: chlorotic loc3.l 

lesions ; o:Jy stOiJ.ic veln.:"l chlorosis , chlorotic ~-,nd. necrotic flec:~ing . 

Uicot ianJ. rustica: local anJ. syste!:lic chlorosis . 

Jhcoticma t abl'.ClUJ ' Havana ', ' 80.rri:-·wJ ', ::..nd · ~·i11i te Burl ey ' : 

local chloro::;is , occc.. ::i io11 .-tlly necrotic e tch rin .. : l esions ; syi;iptor.1les,3 

systemic ini'ection . IlLH'J recovered fi'om syste:Jico..lly infected tissu0 

in low conc entr~tion . 

Petuni ': hybricLt ' F'irechief ' r_'"ld. ' Rosy :.:orn ' : either 

chlo.:.·otic local lesions , :';y s ternic vein;,~ :'.. chl oro...;is or symptomless 

infec~ ion; or grey brmm necro~ic loc :?.l ring l esi ons , systemic 

chlorotic blotches anLl rin,' ~ J esions \'Ji th concent ric ring lesions forr.,_ 

ing on flov.rer petal s . 'I'} :is second re <.c tion occurred less frequently. 

Physalis fr.:.nclw tii: symr>to!.:l ess locQ.1 and systemic infect i on . 

ill!BF.LLIFERAE 

Apium eraveol ens ' D.tl. ce DC': loca~ and systemic chlorosis. 

No infection of the followin.s hosts v:as detected: 

Antirrhinum majus , Brassica oleraceae vur cupitat::t , Brassica pekinensi s , 

Capsicum f1-utes cens, Datu~a stramonium , Dianthus barbatus , Dianthus 

chinensis, Matthiola incana, Ocimum basilicum, Phlox drummondii, SaJ.viu 

splendens , Torenia fournieri , Vicia ~ and Vinca rosea. 

Several dis tinctive host reactions were observed with DLRV 

in hosts belongin3 to the amaranthaceae, caryophyllaceae, chenopodia.­

c eae, cuourbitaceae, loeuminosae and aolo.naoeae . llingspot symptoms 

were observed in several hosts , viz; Cel osia uraentia , Chenopodium 
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quinon and Petunia hybri~~ . 

Thc characterstic host react:_ nn observed r1ere remarkabl y 

s imj 13.r to those reported ;'or nepoviru~ ~·s 3.nd scv:Jr<tl other viruses : 

brand ber~n r;ilt. , elderber ry l:~tent , el m :;ottl e ( nJ. ro'Linfo. mooaic 

(I-lc:.rr<son& "'urant , 1970-74) . Host rec.. ... :-;.ions o.:.· t 1::0 noroviruses 

(ar<?.tiis raoGr.ic , and. 'vcli:.:.cco rin:;srot ), .. nJ broc.d bc.:u1 '.'!il t ·;1ere 

observed in tl: is J «!.11or;__torJ . DLRV host re<...cti c11;; \".'ere dintinct fror:1 

isol ( tes o.f these th1:c;e vi~·u3es end :.:;e1ie.c;.J.ly r:iilder . 

is not possHle . 

Tao :i.tteLpts to ·t rc...11soi t DLl-tV l•y ~~phid..> in c. no:-ipers_;-;tent 

manner failed . I n tho fiL·st oxr•e1·irnen ~ C!.phid.s (~.: . I'Cl'!dc~.e ) were fed 

for 20 second.s on dctucl10d DLRV-infectE:d. Si-.in~.cL, ol er~icec.: lec: .. ves and 

transfer r'" l to three :=.:c~~·on~ri<. ·;acc:i.ric ~.:1d thrG0 S . oleruce:::. pl an~s 

In the ~ocond. expe:::ir:icnt a~)hi dr.; (:..: . euphorb iae) 

·,1ere :::ir.:iL:rly trcuted •".rn) tr:ln.:;forrcd to ·~1;0 G:r: . .:>o_.1:::.lu ele :l.!.rl.s , tv:o 

Bade inoculc.t~on testG to C. nuinoc 

2- 3 1:.'ceks l:_tor :u.iled to reve::.l <...ny ap1:id tran~:;::-.ission of DLnV . 

'L'hcre <:.re sevor:.:J. j sorr.etric v::. :r-uaes v:i :,h Gir:•il ar host r~n....;e~; 

to ill.. .l'.V , includins 1.Jro~·.cl bec.n r1il t ( tD\'!V) , robini~~ rnosr:.ic (m:.v), '.;omo 

nepovirusos , Gl dercerry h .ten', virus ('CldLV) ~n,l oln mottle virus (:'J r::·.-) . 

Bro:-,d bec.n r:il t virus (I3D1.'!V) c.:;'n be eli~in~.ted because it is 

reu<lily arhirl tra.nsrr.ittod in :~ nonper!3js-::cnt mnnner ty_r: . persic<le 

(Taylor & Stu": be , 1972) . Jobini c. nosr..ic vir-us (~r.:v) is a l s o aphid 

transmitted (Gchr:ielzer, 1971) so can possibly be excl uded , althou.:::;h its 

transmission rate by ~.~ . persicae i s r ather low. \'ii th the exception of 

tobacco rins:~pot (3tace-~mi th , 1971) no ncpoviruses are reported to be 

transmitted by aphids and elderberry l atent and elm mottle viruses a r e 

a l so in this cuteeory (Jones, 1974). 

No attempts \·1ere made to tra.nSmi t IlLRV by nematode species, 

the natural vectors of nepoviruses (Harrison et al ., 1971). 

3 .5 SEED TRAN'Sl~ISSION 

Infection of secdl i rl8s by DLRV, e rown from seed collected 

from DLRV-inf'ected c. quinoa pl ants was verif ied by characteristic 

host reactions . Se:::·d transmi s s ion of DLRV was detennined in the order 



83 

of 95;~ . In t'.'lo consecutive tests 10 :::-cod.lings :ram DLRV- infected 

C. qninoc. ' s \'.'ere 3epar .. itoly back:- inocul:..ted to c. ouinoa. test pl ants , 

and in all buL one C.:l.:.;e ~")eGd transmission of DL:.tV w~:3 verified. 

Seedl in_js infected by DLrN throuch seoc trancmiosion revealed veincl 

crJ. orosis :.i.ncl Llottlin_s. 

··:ith -::ow excoptionn seed trn.r:~r'ti.ssion o: =1l<int viruses , 

!'cpo::'tcc1 in tho order o~ ':0- 90;:~ is rest:ictcd to r.-:enbc:rs of the tol~o..ccu 

rinc' pot viru.-; crou}1 or ne1~ovi :::-uses (Bennett , 1969 ) • 

The TIP of m,111/, Jet ermined f::·om infected C. 1uino.:.-. sa11 n.so:. -

od on C. 1uinoa , ~~o 70- 75C . Al thouch this 'l'I! valuC:: contributes to 

l)LHV ch<..r-ucterisatic,n it L; not p~rticul .rly di.:;'cincti ve as it is onl., 

,;li._:lt!;ly hi_;her th::: .. n ':'I.:? ' r; o' ' the mo..jori ty of isor:ict!'ic viruses . 

DLI1V r:~~rticle;3 c.:. . • 30nr:1 in di.:.1:~0-ter :'..'il'r>t ob~ervocl in n0~:.tj ·. 

ly ntc.incd 1x .• rtially p:1ri'.'jet.1 preparations but not in squ ..... .:;h ho;:1o"'e.'l...;..t. 

of J -~ hn~ t i.:;nuc . In other herbo.ceou~ hoots cu ch :.s C. ciui no~ , ~. 

cl cv•;} un,:; i ~nd S . v:.:.cc:.rL. :JLRV pa.rt ic, cs ·;1orc c:-::t:-crioly diffj (;ul ~ G!• 

rc3ol ve clesr1i te the U .:)C o:' several dif:'oc-cnt ne L.~,tivc: .:~dn:~ n.r.J 

in,:; procedures . Several l'!'A stu.in s ( 11.! 4, 6 a.nd 7), 1~2 (-1:I) . 3) ..... ~: .. . 
l. ••• •..4 ~ •• 

P'i'A 1:1ixturc (previously described) r1ere !;:ded. Bo·L'.L ::q_u~\:1~1 ho,.10._:01-:~t c 

('.','al '.ey L ","eb1 , 1968) : nu lc•Lf dips (:!3r~:.nd.er> , 1957 ) ·.1ero ~L;o te::rt .. :J . 

Isometric particles cc.. 30nm were r evealed nfte:::- c::~cnGive .;co.nr:ir•,_: i11 

the electron r;iicrosco pe , DLTIV particles UfJU~'..lly occurred in omall cl u1., 

of about a dozen particles (Ficure 31) . The- . .'J: : Pr:~ mixture (1:1) ·:.it.1 

the squ<..P h homoconate procedure was pr eferred to othor tec!rniques ar> 

this cave the best contr~st . 

Uany s~uash homo0enate preparctions fron seed, apical and 

lateral tips of DLRV- infected c. quinoa and N. clevcl~dii , failed to 

revecl virus tubules , characteristic of a number of nepovirunes (Robert :; 

& Harrison , 1970 ; Wal.key & "./ebb , 1970). 

\'Ii th the exception of the tombusviruses (Uo.rt elli et al . , 

1971) moat isometric plant viruses a.re not found in S<J.U:>.sh homo_'.;eno.toa 

in very hi eh oonoentra.t ionu (Harrison & ::urant , 1970-7 4) • However 

amone the viruses stable in moot neeativo eta.inc , fe\·1 a.rc:, us dif'ficul t 
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to resolve as DLRV. During this study a.rabis t1osaic , broad bean wilt, 

cucumber mos::i.ic, tobacco ringspot and tomato as permy viruses were all 

found more readily in negatively stained squash homogenates than DLHV. 

Purified prepar;:i.tions of DLRV revec.led many 30nr.i isometric 

virus particles , when ne~\l.ti vely staine:l and vi e-;1ed in the electron 

microscope . Good contr.::-.st and dispersion of DL~V particles \.:..i. s ob se:c·:-

ed in JJ..!'. pH5 .3 (Figure 29) . Similarly ;.' i th FTA pII7 .o strong contras<; 

occu ·•d, .:?.l thou,jl particles tended to .::...-=:crecato more than in 

( Ficu1·e 30) • Sever::i.l :::iositively stair.\cl DLRV p::..rticles nere observed. 

in both ne5: .. ti ve stains (li'i.zures 29 & 30) , indicatinc empty virions 

r1ere ::-;resent. 'I\·1enty DLR'/ particles r.i.::-:_:.sured }1::.d 2.n o.verase dio.meter 

of 30n:n . 

The presence of er.i1;ty pc.rt icl E':s in nee: ~ ;, i voly stained 

is o. characteristic she.red by a number of i8omotric viruses : COj;10-

viru ::>os, nepoviruses , tyoo 1riru.ses and Gcverd other viruses incluJ.in._:; 

broad te<.:.n v1i l t and elderberry l atent (I Iztrrison i~ :~urc..nt , 1970-74) . 

Verification that the positively stained. IlLRV p:.:i.rticles were ' cr.ip:.y ' 

·aas der:ionstr:::.ted after C.t1:.,;.lytical ul trc:.centrifu__:c.tion anolysis of IL3.V 

prepu.rations . 

Ul trc.:.t'!:1in sections 

I sometric p~rticles distinguic;hable fror:: ribosor:i.es '.// ere ob . .;c. . :u 

l'li U.in the coll cyto11l~.sr. of thin sectioned DLRV-infGcted tissue. ~:o 

tubules o~ othGr distinctive features \'ie~e obser11ed in tl1i;:; ~ectio!· ·l 

mn.teriu.l. 



-r .!• 

. - . 

DL::JV purif: ed :;irol'::i.ration 

nc,;~tivcly st;::.incd in 

~·~1o s}hotun.::;st · c c. cid 

pH; .o. ~.::;.~ . 68 , JOO . 

' , 
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J .8 PURIFJC~rIGN 

Di:'::'icul ties were ex~; orionceJ. in obk . .!.11in.::; c:.dequate yie1 ds 

of purified DLRV for further character~ _ · •. ion. :::evcrcl different 

purificat.:.on procedures ch ilcr to tho ~ c oi He1Y!.con <!rid Nixon, ( 1960), 

Hollil\'.;3 .:lnd Stone, (1 964) c~nd Peden c:.r. l J:,r:nonc , (1 973) ·:1ere t ried , 

none of '..'hich proved out::;'":::.ndin._; . 

~10 i)rocodure fi1:ally ad.01-,te<i. "or IlLI11f iu:i~i:ic.'.'..tion '.l<..s 3. 

r::odi:'ic~ ~ion o: th::.t u:~ed 1 ./ ~.ollin._;::; '-·.: .l Jtonc, ( 1 ~75) for r.uri::'ico.t -

icn of tom~to bushy stunt vir~s . 'l\·10 .:cc~:: ol cl JLR.11 .:.nfected C. ciu~. ,.., __ , 

lf . c:cvcl:.ndii or !\. !'l.!stic.::i. (loccl ::nu .;., ntcr.:ie .lJy infected tiss·.~) 

•::.~:; t~.l~cctod ~d hono_::cn i:::od '.'Jith 0 . ~.: :~-I:? pho.;)h~~tc , p!I7 .5 buffer 

(1 . 5~.1 : 1._; tissue) inclu~~in.:; 0 . 1 ,~ TC!~, L~ '. '!:11:'..':. :::.ncl 10ml.'. Dicca 

addi ",: ves a.t 4C . 

chee::-r:- cloth <tn,l then c;.;ulc: ifh"?d \'ii th " . 5.'.. n- 1.ut::mol cver nicht :.t ,~ C. 

~'he 0~ ul .;ion 1·1:-~:::; bro!~cn "r:.J lo·:; speed c c .. trif'Li.:;~Ji1.in ( 12 , ooo;,j1 0r:.:r;) 

:.nd tho i;U:~crn::i.t:int rotcdnc·d ~.ftor :fil :crin.:; throu::h 5:::.r;3 -.1ocl . r:·11c 

v:ru·: ":;ts then 1~cnctcJ lJy ul tru.ccntri:1:_.;acion ( 100, ono..}90::.i n) <i.c.i. 

liuffer , ,;:J .5, :'01· 1hr ~-t 1i.; . 

!:in,.lly ~orn:.:cn',r~ted uy ultr~_cE:ntri.:'u.:.;u. ·""n (1 00 , 000~.:/80'.':'in) ·.t.l 1·-s:. 

:1cndcd in 1r:.l of 1ri .. =if.:!~ pll5 .o , or 1on· Tris- La !::'L5 cu~'::'c:::-.: . 

BuGcd u.:1011 elcc ~ron ::a~roscoL;;/ pro~a.-,._ ~.~Ol!..> c:: :JLRJ ~·co_ . 

. ~ . cli::vel:>..ndii or!~ . ru:-.rtica contained l e3s :?
1 

rl~rr~ r!'otcin th:.~' 

i)rcr;u-~·a~ion~ fror.i C9 uu ino:. . Yields of 2- 5m.::; 01' pu1·L'icd ..)L~'l '::cc·0 

obtc..incd fro:•• 1 00,~ in 'ect<:d tissue , a re.ml t dctor1 .. l!'led. .:; ... 0_;tru_-~:.~ i;o-

mctr.~~ally u:>in_:; ~O 
1 
. • = 12 .0 (Uoordam, 1973) . 'l'hc JLRV puri1.'-eu 

• lj 

I>re:;:>:.rs.tionn did not :t'e3.ct acain::1t ' he::..l thy ' ant isera ::nd contt .. lnod L·e, 

F
1 

protein pc.rticle!'.l \!hen neeatively sk.lned prepu.ra'!;ion:.; were ob~,..:rvc .l 

in tho electron microccopo (Fi~e 29) . The 1011 DLHV yields obtdned 

1 irni tcd further chu.racteris:::.tion studic.3 of thi$ vi:=-u:::; . 



'I'"'.U3E 32 . 

• fl' 

I' 

!i.n:..l;ytic<.tl sedir.entc.tion p::.:ttern for 

The 

four peo.ks :ro:i: lo:t to ri.::;ht are : 

plG.nt pro tcin ; tor ( ~ ); niddJ e 

arnl bot to~n (D) viru.J cor.:ponent s . 

:.::ft er 16 r:iinutes c;t 23 , 150rpm . 

(sedimentation le.."t to ric~1t ). 
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3 . 9 ?HYSICAL PROP2RTI:~s O? FU1UFT8D vr.:us 

Sedimentation coefficients 

In two se1")\.:.r<!.te 3.naly~ical ul !,ru.centrifu0c.tion runs with 

purified m,RV preparation ::; , fou:::- sedime.1til'l,} pet~:~; ;;ere observed ( ::.t'iew-'e 

32) . ':'he top or li;:_;'Ltest co:.1:;:ionent wc.s found to be F
1 

plant protein 

and h.td a.YJ scdir.10ntation coef:icien t of 33S 1 • Tl:c three virus sed.iment-

inc comroncnts labelled tOl) (T) rnidd.le (:~) and uottor.i (B) , in order of 

sed~~cntation, hnd sedimentat ion coeffi~ients o: 54, 76 , and 118s1 

respectively . By correction for zero ·rirus concentration these vclue::; 

i;-1ould inc-rea.:;e sl i c;htly , the E componen t incree!.sin[! the most bccau:::e it 

'.'las observed in a hicher concentr.'."-tion c:..s indic;~ted by the la.r..:;est pea!. 

(Figure 32) . 

Three sedirJcnti.n:.; virus compo!'lents wi~h ~edir.icntation coe!'fic­

i ents si.rnil<!.r to thooe re1.o:::-ted for IL.:1V huve been recorded for several 

viru:.;es : comovir-1.lSes; seve!'al nepoviruses; l •ron.J be::.n ·;iil t; eln 

mottle; und tob;:i.cco .stre::tl: viruses (!!ar-·..t.son & Muro..nt , 1970-74) . 

UV ab.:.or1;tion spectru1;i 

Prep<!rations of pu:::-ificd DLRV Lad the :'.:'ollo:Jinc U'/ absor}.;tio., 

spectr:....l ch"-racteristics : A ma.-..::/r.iin = 1 . 43- 1 . 54 c.!1J A 260/280 c 1 .69-
Sil:lib.r val uos to the Ge are re~ orted for both conoviru:;es .:md 

nepoviruscs (Ear.risen & l:u:::-c.nt , 1970- 74) . 

3 .1 0 

In this study the anti::;orum l ·~cpared .::..:;~inst IlLHV wa::i found 

to be unsatisfactory bccau 'e of the uccidento.1 inclu::;ion of D-Cart:V 

antiJens in the injection series . Not only did this untbel"Ulo contain 

antibodies to D-Carl~V but high level s of untip·odies against ' heal thy ' 

plant components were found . This poor antiserur.i arose partly bec.:i.uni:; 

of early difficulties exper i enc ed in developine a vurification procedll.::."e 

f or DLRV. 

Specific serolocical (eel diffusion) reactions could be obtain-

ed between the prepared antiserum and purified DLRV. 

virus did not react a~;:i.inst he~lthy antioor a . 

Tho purified 

In col diffusion tests ( Crowlu, 1973) no serol oeioul reactio.nn 

were obtained with purified preparationu of IlLRV aeainst several dilut­

i ons of antiserum t o each of the f ollowine vir uses : apple mosaic; 

1 
uncorrected for zero virus concentration 
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* n.rabi~ mosaic ; bro~d beun wil t ; carn~tion mottle ; carnation rirl0spot ; 

cherry l eaf roll; cucumber mosaic ; pe~nut stw1t ; prunus necr otic rin~­

* spo t; r aspberry rincspot ; strawberry l~tent rin,:;opot ; t obacco necr o-

* sis ; t obacco rinespot ; tomato rirltispo:;; c.rHl. ' healthy ' antisera. 

The antisera mar~-:ecl wi t;h asterisks were included because the 

viruses had sor.ie properties resembl ing those deter1,~ined for IlLRV in thL 

study . 

3 • 1 1 DI.3CU SSIOlT 

'.'.'hether DLRV is c. ne'it virus o:· not r eo;dns unresolved at pre sen I; . 

Comparison of TILnV characteristics v.ri th tilose r .;:,orted for other 30nr.'l 

isor~:0tric viruses doen e1 iL1inci.te me.ny po$sibili t:i..e:·; . On the basis of 

DLRV host rDn__;e , ceed -:ra.nsmis.;ion c.ncl three ch:..racte:::-istic ::;edi!ncntat­

ion components all but sor~e nepoviruses :..nd sevcr~'.l un~:rou~ed isometri c 

v i xu::rns can be el iminn.ted. Gel diffuGion seroJ o_:::ic:::.l tests '::ith anti-

sera to 14 viruses fu.ilcd to reveal the identit~· o:.' nLHV so far. 

Sevor~!.l. other ·"i~u:;e:J incluclinc elo mot'.,1c , ._:ra_.cvini:: chrome r.iosaic , e.ri 1 

~r&pevine fanleaf h<..ve somP properties :::·ose:nbl in,_; :JLGV but an-Liserc. to 

these virusen were not c.v ..... il::i.lJle for te~~.in.'.:'. aca.in.:;t DLJV . Further 

serologic'-'-1 tests arc therefore requireJ ~o cmL~ir"' the identify DLRV . 

The nepovirusos ~re: character:..r;cd by : cli3tinctive cmd r1itle 

host :earl,'.; es; ner.1:itod,e irc.:.n:1:ai ss ion ; hi ;h rates of :.;eed transmi~sion ; 

TIP ' s 55-?0C, LIV fC':i J::.y:.> or weeks , t:a . 30nm inor:iet r.::.c particles ; 2 o_· 

3 sediment i.n[; virus componeats ; sin.:.;le .:;t ra.nded lUU (G24 : A23: C22 : U31); 

2Hl'TA Gl)ecies of 2 .5 and 1 .5 million da.llons ; one protein subunit 

( exceptinc strawberry l atent rings pot virus) ; n.11 a.re good i mmunogens; 

o.nd several produce virus tubules (Hc.:.rrison & Uurant , 1970- 7 4) • 

On the cha.ro.cteristics r evealed in this study with DLRV , it 

a ppears to belone to the nepovi rus group (Harri son & ~urant , 1970- 74). 
Unfortunately no information on nematode t r ansmission is known f or DLRV, 

s o its membership i n this croup cannot be verified . 



90 

J.P Y.iNDIX 1 • Antisern used in this stuay . 

========================================================================== 

Antisera 

Apple mosaic virus 

Apple mosnic virus 

(rose) 

Arabis mosnic virus 

Ar abi.s mosaic virus 

(cucumber ) 

Arabis mosai~ virus 

( carn:.1tion ) 

Arabis n.osaic viru~; 

( tamaril 1 o) 

Broad bean wilt viruo 

(type 1) 

Broad bean wilt vfrus 

Carnation mottle virus 

(carnation) 

Carnat ion mottle virus 

Carnation ringspot virus 

R. . ·:: . Fulton 

R. CG.sper 

R. A. Goold .": 

3 . D. Harri son 

~.: . Holl inc3 :~ 

, . • 'l111omas 

J .K. Uyemoto 

J . Sutton 

J . Sutton 

B • .A . ll . Morris­

Krsinich 

P. R. Fry 

Source 

University of Wisconsin 

~~dison, cri s consin , U. S. A. 

Biol oc;ische Bundenstul ts Inst . , 

fur Virusseroloeie BraunshweiG 

'.'! . Germc::.ny • 

Scottish Horticultural Rc3enrch 

Sto..tion, Invergor!rie, Scotl:J.nd . 

Gl ~c shouse Crops Research Inst. , 

Littlchi~pton , Engl and . 

I'.l0..3 ,ey University , Pc:.lmer.;t on 

No::'.'th , Hew Zeal .:md . 

De):!rtrnc .t of Scientific c · 

Ind.us tri cl Ile search . n c..; _t 

Dise<..ses Di vision, Auckl:x, ~ , 

· 1Je:1 Ze2.l<.:..nd . 

Cornel 1 University , Genev:... , 

He'.'1 York , U. S . A. 

Victorio.n Plant Research Inst ., 

.Burnley, l:el bourne , Aust r ;: 1 ia . 

llansey University, Palmerston 

North, rew Zealand . 

D. S. I . R. Plant Diseases Div., 

Auckland , New Zealand 



AP. E:JDIX 1 • continu ed 

Cher::-y lecf roll vi~s 

Cherry 1 ea.:' rolJ. virus 

CucuL1er mos~ic virus 

(nu.ndina) 

CucLU:.Ler w.o:..;aic virus 

Cucu.'!:ler no::;-.i~ virus 

(D str:...in cl::..phne) 

Cucw:i'bcr ::;os~1ic virus 

(C str ain daphnc) 

Cucumber 1.1os:.i..'.! virus 

(Q str~in [;Opper) 

Cucumber : :usaic virus 

( Co1:~.1or: s trc:.i n - CZ,;) 

Da.plm0 l o. tent rin.::;~~po t 

virus 

He:...l th.r 1'.:hi te Burley ' 

~eanut stunt virus 

Prunus necrotic rinespot 

?runus necro tic rin8spot 

Raspberry rineapot virus 

Strawberry l atent ringspot 

virus 

J .K. Uyemoto 

:a.A. Goold t: 

B. D. Harriso'!'l 

K. S. t:ilne 

Kr:,inich 

It 

H.I.B. Frt...nc~.i 

:D. H. I.l . Van 

Sto[;teren 

B. A.!.: . Uorri ':;­

Krsinich 

K. S . L!ilne 

G.I. Uink 

J. Sutton 

R. Casper 

R. A. Goold tc 
B. D. Harrison 

II 
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:::..:.; sey University , Palmer:.J'von 

Horth , Hew Zealand 

Uni vci~.s:. ty of California 

Davis , U. S. A. 

•,·:aite .' • .:.;ricul turcl R.c..>curc!_ 

Inc ti tutc , Uni vcrsi ty of 

Adelaide , Austr<!lia 

Lc.borc::.torium Voor 

Bloombollendcr zoek, Lis::;L-, 

!iethcrl<.:nds . 

\'la:::hi ngton State Universi ~Y , 

:fachington, U. S . A. 



APPEJrnL'< 1 . contil1lled 

Tobacco ne crosis virus 

Tobacc o rin r:;Gpot vir u s 

Tob:::i.cco rin ..:;spot vir us 

(h orse rn.cliGh ) 

'l1obacco strec~.;: virus 

Tomc.·.1. 0 asperrcy v i rus 

( chr-;ysc:nthemum) 

Tom:: to asr;erf"iy virus 

( chrysa nthemum) 

Tomato b l a ck r i nc virus 

Tom:·" to bu.shy utunt virus 

n 
r.,,: 

ccnr 273, 

f1C'J 

'!:'om;.;. to rin,_;;:;pot viru s 
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J . K. Uyemoto 

II 

'.'! . Thom:ls 

R::: . FUl ton 

D. !U.'. . Van 

3l ot:t eren 

H.: •. Gool d [~ 

B. D. Harri::; on 

r . Holl inc.~ 

T V u . ..... . Uyemoto 

=== ========================== ;=========~= ============= ==================== 
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