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PREFACE

The poor vigour of many cultivars belonging to the gemus
Daphne (Thymelaeaceae) has been attributed to virel infection
(Cheberlaing, 1954) and several viruses including alfelfa mosaic virus
and cucuuber mosaic-ﬁirus have been isolated (Chamberlain, 19543

Hilbrath & Young, 19%6; and Schmelzer, 1968).

Concern about daphne 'virus' problems expressed by nurserymen,
has led to several programmes aimed at improving stock plants. Recent
survey work on daphne viruses (Forster & Lilne, 19753 Sutton & Taylor,
19743 and Sweet & Campbell, 1973) has therefore been prompted by this

requirement for high health and virus-free plants.

In a survey of viruses infecting Daphne species and cul tivars

in Vew Zealund, Forster and lliine, (1975) isolated four previously

described viruses (alfal fa mosaic virus, arabis mosaic virus, cucumber
mosaic virus and tobacco ringspot virus) plus seven partially character—
ised viruseg (daphne isometric viruses 1,2 & 3, daphne-tobacco mosaic
virus, daphne virus S, daphne virus X and daphne virus Y); The latter
three anisometric viruses (DVS, DVXK, DVY) have been further characteri.-—
ed (R.L. FPorster & x.5. Liilne, pers. comne., 19?1), while the remzining

isometric viruses (DIV-1, DIV-2,& DIV-3) are the subject of this study.

Several isolates of each of the three isometric viruses were
obtained from their respective hosts and extensively characterised,
DIV-1, DIV-2 and DIV-3 could be readily differentiated from each other
by host range and symptomatology in differentizl hosts and more detail-
ed study led to their aseparate identificatioﬂ.
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CHAPTER 1

CHARACTERISATICN OF
CUCUMBER LIOSAIC VIRUS STRAIN D

An apparently distinctive isometric virus was isolated from

Daphne odora Thunb, fLeucanthe Variegata' and tentatively designated

daphne isometric virus -1 (DIV-1) by Forster and lfHilne (1975).

Severzl isolates with properties similar to DIV-1 were obtained in the
present study from 'Leucanthe Variegata'. Detailed characterisation
established that DIV-1 is a distinctive strain of cucumber mosaic
virus (V) which can be distinguished on the basis of symptoms and
serology from the 'typical' form of CMV. Characterisation of DIV-1
isolotes hereafter designated cucumber mosaic virus strain D (CLIV-D),
and comparison with three "typical' or common .V isolates from daphne,

desinated ClLIV-C (isolates A,B and C) formed part of the present study.

ClV (R/1:1/18:5/8:8/Ap) is the type member of the cucumovirus
sroup (Harrison et al., 1971) which includes peamut stunt virus (E5V),
tomato aspermy virus (TaV) and chrysanthemum mild mottle strains (CLIIV).
Iteports of serological relationships between members of the group have
been conflicting (Grozan et al., 1963; Lawson, 1967) and have been
attributed to the use of antisera prepared from antigen mixtures
(Uink, 1975). CIV is an icoszhedral virus cz. 3Onm diameter which has
a characteristic single sedimenting component (98S) containing 18% RIA
with 4 major species/lenzth (Kaper & West, 1972). Cimilar nucleotide
base ratios are characteristic of the cucumoviruses vizj; guanine 23:
adenine 24: cytosine 23: uracil 29., The protein coat consists of 2
subunits each with a distinct molecular weight. Physical properties
in crude sap include a dilution end point (DEP) of 10~3 to 10_5,
longevity in vitro (LIV) of a few days und a thermal inactivetion point
(TIP) of 70C (Gibbs & Harrison, 1970). , CUV is transmitted by many
aphid species (Kennedy et al., 1962) in a non persistent manner and low
frequency 2.0—20.0% seced transmission has been reported for several
hosts (Tomlinson & Carter, 1970). There are also reports of sap or
mechanical transmission in the field (Brierley, 1962) and in the
laboratory CLIV is transmitted to a large number of herbaceous species.



CNV was first recognised by Dolittle (1916) and Jagger (1916)
causing a mosaic disease of cucumber and is now reported as the
incitant of diseuse in marny horticulturzl crops including fruit,
oruamental and vegetable suecies. Infection of these crops and
nunerous weed hosts, together with a facility for repid transmission’

by over 60 aphid species, insures ubiquity for CLIV.

Heports of CLIV infecting woody plants are somewhat limited
but do include Berberis (./ilkinson, 1953), Buddleiz (Smith, 1952),
Nandina (Barnett & Baxter, 1974), Prunus spp (Willison & Veintraub,
1957), Ribes (Schmelzer, 1962), and Rubus (Harrison, 1958).

Previous to the study Forster and lilne (1975) CiV was regard-
ced as the most prevalent virus in Daphne spp. Reports of CiIV in
Daphne spp., include in D. odora (Chamberlain, 1954; lilbrath & Young,

19563 Schmelzer, 1968; Sutton, 1974); Duphne mezercum. L. (Smith, 1952)

and (forster, 1974) recorded CiV in D.odora, Daphnc cneorum L, and

Daphne x burkroedii Turrill.

1.1 LATERTALS AND ME2THODS

Plant propucation

Plants were propugated in a sand-pect fertilizer medium in
2lasshouses maintained between 15-25C and shaded during the summer
months. Diseuse and pest control were maintained using the insecticide
spray methomyl (LannateR) end ethazol'(TerrazoleR) were incorporated

into the so0il mix.

Sap inoculatinon and symptomatology

Virus inoculum for sap transmission was prepored by grinding
plant tissue in 2-3mls of buffer plus a small quantity of the abrasive
Celite, using a pestle and mortar. The buffer hereafter referred to
as Yarwoods solution, consisted 0,5% each of K2HP04 and bentonite
(Yarwood, 1972). Inoculotions were made with the pestle immediately
after dipping into the macerate. Inoculated leaves were washed with

water (ca. 3 seconds) to remove celite and sap residues,

Indicator plants were examined daily and symptom expression
recorded. 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 guinoa Willd,




Vector transmission

Studies on non persistent transmissiocn by aphids were conduct-

ed usinz lyzus persicae Sulz. maintained on Brassica pekinensis (Lour.)

Bupr. (chinese cabbage) and lacrosiphum euphorbice Thom. maintained on

Sonchus olerzceus L. (sowt u1stle) Non persistent avphid transmission

experiments were conducted as follows: using a siwll brush aphids

were placed on moist filter paper in a petri plate for preacguisition
starvation (optimal starvi.iion period determined in separate cxperiments).
Aphids were then removed individuzlly and transferred to a detached
virus-infected leaf under = binocular microscope and allowed to probe

for 20 ssconds. Frobing was stopped by disturbin: the aphid, generzlly

—

vy touchinzs their antennae, They were then placed on receiver hosts,

caged for 24 hours and lzilled with an inzecticide,

Physiezl vroporties in crude sap

The TIP was determined from centrifuged (10 000=/1Om1n)

naecerated infected plant tissue in minimal volume of distilled water.
Cue ml szmples of this extract were pipetted into thin walled 8x1.5ecm
tubes previously equilibrated at appropriate temperatures. Tubes

were incubated for 10min, ot 5C intervals over the range 50-90C and
asszryed. For DEP determination the extracts were diluted with distill-
ed viater. =assays vere conducted using h2lf lecves of C.quinoa or

Phaseolus Yl =ari

W

Ly "Mop Cronts

T

Elgctron ilicroscony

Nezative staining: samples of plint tissue were prepared for
clectron microscopy using the squash homegenate technique of Walkey and
Jebb, (1968). A segment of tissue was muzcerated with a few drops of
negative stain on a spotting tile. Then a 300 mesh formvar-carbor-
coated copper gzrid was held fuce down onto the macerate for a few seconds,
after which the excess solution on the =rid was removed by touching the
grid to filter paper. The grids were scanned within 24h of preparation
using a Philisz ':JI_'-QOO'R electron microscope at a maegnification of
ca,.,X20,000. Purified preparations of virus were negatively stained

using a 131 ratio (virus:ctain) and sproyed onto the zrids.

Negative stains used were 25 soluticns of ammonium molybdate
(Al), phosphotungstic acid (PT4), uranyl acetate (UA) and uranyl formate
(UF). The pH of the various stains were adjusted using either 1. KOH

or NH40H.



Virus purification

Differential centrifugation was employed for virus purificat-
ion using a Sorvzll RC 5R centrifuge and a MN3ZE Superspeed GSR ultra-
centrifuge. Detailed procedures znd methods are described for each
virus. Final purificaticn procedures using zone electrophoresis ¥
(van Regenmortecl, 1964) and density gradient cenirifugation (Brakke, 1960)
were tried.

Inalytical ultracentrifugation and spectrophotometry

The number of sedimenting virus components and their sedimen-
tation coefficients were determined from an approprizte (1-5mg/ml)
concentration of virus prepurztion using a 12mm single sector cell in
an AnD rotor on a Beclman ilodel BR analytical ultracentrifuge with
Schlieren optics. Sedimentation coefficients were calculited follov=
ing the method of Markham, (1962).

UV absorption spectra were obtzined for dilutions of virus
preparetions using a Pye Unicem SP 800R UV spectrophotometer. Virus
concentration, 4 max/min and 4 260/280 vere zlso determined (Foordam,

1973) .

I:olation of viral HNA

RlIA was extracted from purified virus, using the phenol-
sodiun dodecyl sulphate method of Feden znd Symons, (1973). In the
presence of 0.3 sodiuvm dodecyl sulphate (SDS) and C,.3l sodium acetute,
10mg of virus was extracted with an equul volume of cold, water—
saturcted phenol (redistilled) as prepared by Ralph, (1967). The
e. lraction mixture was shaken viporcusly for 10min in a rolypropylene

centrifuge tube, The emulsion was brol.en by centrifusation at 12,000

"
3

=
for Smin, resulting in & claor upper phose containing the RNA and a

cloud; lower phenolic phzse containing protein, The upper phase vas
removed and 2 volumes of cold 955 ethanol was added together with a

few drops of 1M sodium ucetatefacetic zeid buffer pH 5.0. On standing
at OC for 20min the II: becume flocculant and was then precipiated by
centrifugation &t 12,000g for 10min. The LITA pellet was dissolved in
1ml of distilled water and stored at —20C under 4ml of 95p ethanol plus
a drop of the pH5 acetate buffer. Concentration determinations were
made by measuring the absorbance at 260nm using an extinction coefficient

E - 0
0.1%y 1cmy 260nm



Prepuration of RHA standerds

Gscherichia coli (Migula) Cestellani and Chslmers., ribosomal

Kis (235 and 16S) were prepered from isolated Z. coli ribosomes using
phenol-505 RA extraction, The riboscmes were purified (Kurkland,
1971), as followss I, coli wag obtaincd from = 2 liter loz phase
cul ture by centrifugation at 15,000g fer 1imin. The bacterial paste
obtained was frozen and thaved in 10ml of tris tuffer (10mll Tris, 3md
succinic aeid, and 10mi Z;Clz). This wus then expressed through a cold
french press at 8.060— 5,000 psi twice znd the resultant crude e:xtract
clerified by centrifugation at 25,000g for 30min. The clarified
extract was made up to 10ml with the tris buffer, at 4C, 2.1g I--IH4SO4
was cdded slowly with stirring for 3min. This was then centrifuged
for 10min at 25,000z ond the supernatant retuined and a further 2.1z
134304 edded slowly and recentrifuged. The pellet wus dissolved in
the Tris buffer znd diulyzed overnight sgainst 2 liters of Tris buffer.
Finzlly the ribosomes were concentrated by centrifugution for 2h at
150,000g, resuspended in 1ml of buffer und stored frozen until requirec
for WA extraction.

Two other extrzcted RVA stand rds, rat liver ribosomal RIA
(285 und 183) znd rat liver transfer-Ii.i (45) were ltindly provided by
Dr. J.W. Tweedie (Mascey University).

"

SD8-polyacrylamide #el cluctrophoresis of extrocted A

Gel preporction: czarose-acrylamide couposite pels were
prepared essentially wcccording to Feacock and Dingman, (1968). The
gel buffer consisted of 40uli Tris base, 20m! sodium acetate and 3mil
disodium ethylenediumine tetru-ccetute (2 PA) pH 7.6. The ugarose
was melted in a buffer-glycerol solution using « boiling water bath,
then equilibrated to 40C ulong with a seporute flask containing the
acrylamide, Bis1, TEIED, vuffer solution. ﬁoth solutions were then
mixed togzether with the cutalyst ammonium persulphate and poured into

quartz 0.8 x 8em glass tubes.

The poured gels were cllowed ,to stand at 4C for 2min then
polymerised at room temperature for th. Gels were then partially
extruded from the tubes using a pipette bulb, cut with a scalpel to
produce a flat surface and subsequently redrawn into the tubes,

1 abbreviations

Bis = N,N' - methylenebisacrylanide
TRED = N,N,N¥, 'N' - tetramethylethylenediamine



Preparation of 8 pels (2445 werylamide 0.6% agarose)

agarose solution agerese 120mg

gel btuffer 14ml

glycerol 2ml
acrylamide solution acrylamide 480mg .

Bis 480ng

TE= 20p1

zel buffer 4ml
catalyst zminenium—

persulphate 12mz

Tlectrophoresis: the gel buffer plus 0.3 SDS was placed in
an electrophoresis vessel (Adusnik, 19?1) and preps run at room temp—
eérature as descrited by Loening, (196?). Gels were pre-electrorhoresed,
before adding the RNA samples, for 1.5h at 6mz per tube to give a flat
baseline for UV scanninge. RHA samples were dilutied and layered onto
the zels as follows: ezch ITA sample was diluted te a 1mg/m1 concentrat—
ion in distilled water, 50-100ul were rixed with a sinzle drop of glycerol
then a 50=-T51 sample ol this mixture (containing 20-50 rg of REA) vas
layered onto geach zel, Within these A semples several RHA standards
of known molecular weizht were included. After lgyering all RIA
sanples, (one/;el) oreps were electrorhoresed for 1.5k at 4ma per tube.
A voltage ca. 1OOV was used to maintain this current as gbove this
hesting of the zels occurred and caused [WA deprzdation. The gels were
scammed at 260nm, using cither a Eeckmzna Leta ITI spectrophotometer

-

fitted with a DeckmanR 2 el secamner or 2 Joyce—Locbld Chromoscan. I'rom
the trace obtained on seczanning, the misration (erm) of each RNA peak was
measured, A standard curve wasn constructed using the migration of A
standards (Log molecular weizht versus migrotion) mnd from this the

molecular weight of each viral RINA species was deiermined,

Immunolosy and serology

Antigens: purified virus preparations (1-5mg/ml in a serolo-
gical buffer, were used as antigens. Inlected sap was also used from

the following: sap from infected; Chenopodium quinoa, Cucurbita pepo

"Small Sugar', Nicotianc clevelandii L., Nicotiana tzbacum L. '“hite

Burley'.
Appropriate contirols, namely healthy sap, purified preparat-
ions of healthy tissue and sap from plants infected with other plant

viruses unrelated to CTV vere also used as controls in some tests,

Antisera: were prepared by immunization of rabbits with 2-3
intramuscular injections, each of ca. 5Sng virus emulsified with Freunds

Incomplete Adjuvant (Difco BactoR), ot weekly intervals., These were



followed by a 1ml intravenous injection containing ca. Smg virus,

3-4 days before bleeding. Blood obtained by heart puncture was
ellowed to clot for 1h at room temperature and held overnight at 4AC
before centrifugation at 1,000g for 5min. The sera obtained were
stored with either 0.027 sodium azide and frozen or mixed with 1:1 '
¢lycerocl and stored at -20C. Other antisera used in this study are

listed with sources in appendix 1.

Serological buffers: several buffers were used in the

serclogical tests conducted.
Tomlinsons serology buffer/7SB (Tomlinson et al., 1973)

0.05k K HFO,, pH 7.8 with Smll EDIA,
Hollings serology buffer/HSB (Hollings & Stone, 1975)

0.03M K—K2 phosphate buffer pH 7.6;
Phosphate buffered saline/¥BS (Ball, 1974)

0.01ll E-K,, phosphate pH 7.0 with 0.15i HaCL.

Cel diffusion: Ouchterlony double diffusion tests (Ball, 1974)
were conducted in either 0.75% or 0.9% Davis azar in one of the serolo-
logical buffers with 0.02% sodium azide in 9cm plustic petri dishes.
Several well paztterns were tried, with a pattern of 6 or 8 peripher:zl
wells around o central well, (all wells 4-5mm in dizmeter and 4—6mm
apert) generally being preferred. Tests were conducted with several
antisera dilutions and incubated in high humidity at 25C. The develop-
ment of precipitin lines was observed .wiih the aid of dark ground

illumination and recorded over several duays.

Licroprecipitin: determination of prepared antisera titres
by microprecipitin tests (Noordam, 1973) were carried out using Cooke
HicrotiterR trays. One of the serological buffers listed was used as
a diluent for two fold antigen and antisera dilutions. Volumes used
were standardized as single drops from calibrated (tip diameter) pasteur
pipettes. Appropriate controls, with and 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 (GMV—D) was obtained from

Daphne odora Thunb, 'Leucanthe Variegata' flower or young leaf tissue




(PFulton, 1966) ground in Yzrwoods solution plus celite by inoculation

to Chenopodium quinoa Willd. A second virus tentatively named daphne

isometric virus -2 (DI¥-2/Forster & Nilne, 1975) was frequently present
and in C. aouinoa masked CLV-D symptons. Seperation of CUV-D from DIV-2

was carried out by several systemic passages through Uicotiana glutinesa

L. and N. Tabacum.

1.3 HOST [LNGE

Four isolates of CLV-D were inoculated to species from 15
families. Inoculum comprised CLV-D infected tobacco leaves ground
in Yarwoods solution plus celite. The following host reactions were

very similar for the four isolates of ClUV-D tested.

ATZOACLAE

Tetragonia tetraconoides (Pall) A. Ktze (NZ. spinach): ca. 2mm

chlorotic local lesions (5 days) become nccrotic; faint systemic mottling.

AUARANTHACIAR

Amaranthus caudatus L. 'Love Lies Dleeding': Irregular local

chlorctic blotches (7 duys), darken to a red brown color; white
systemic blotches and fleclzing develop (15 days) (Ficure 1).

Celosia arzentia L., "Forest Fire': chlorotic local lesions

2mm dizmeter (3-5 days) rapidly coslesce until, the whole leaf becomes
chlorotic; systemic chlorotic flecking follows (5-8 days) developing
into a striking mosaic. Local and systemic red ring lesions also
developed on occasiocns.

Gomphrena clobosz L. 'Little Buddy' (slobe amaranth)s

occasionally 2 mm loeczl and systemic red lesions developed more frequently
indistinet chlorosis and symptomless systemic infection. Virus readily

recovered by back inoculztiocn to C. cuinoca.

CARYOPHYLLACEAE
Dianthus barbatus L. 'Indian Carpet' (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. quinoa.

Gypsophila elezans Biebs.: faint local and systemic veinal
e

chlorosis, virus recoverable in low concentration.

Saponaria vaccaria L, 'Pink Beauty! (cowcockle): mild local

and systemic veinal chlorosis, virus recoverable in low concentration.



CHENOFODIACEAT
Beta vulgaris L. 'Tates Early VWonder (red. beet): red local

lesions (6 days); systemic flecking.

Chenopodiunm amarznticolor Coste and Reyn.:t 0.5-1mm chlorotic

local lesions (4 days) develop with pin-point necrotic centres (6 days).
HWo gystemic infection observed or detected following numerous back
inoculations to C. gquinoz.

Chenopodium quinoz Willd.: 1 mm bright yellow local lesions

2-5 days) rapidly coalesce when inoculum concentration high; systemic
ht yellow chlorotic fleciding (10-12 days) and leaf curli (Figure 2).
R, ng Eu
Spinagiz olerace: L. 'Koyal Demmark' (spinach): 1-2mm

chlorctic local lesions (6 dzys) coalesce; systemic interveinul chlorotic

rings =ad line patterns (infreguent).
L&

LFOSTITAE

S:;

Cuzlendula officinalis L. (calendula): chlorotic local lesions;

oymptomless systemic infectiion.

Lactuca sativa L. 'Calmar' (lettuce): loczl chlorosis;

systenic mottling and veinsal necrosise.

Senecio cruentus D.C. (cinerariz): 1local z2nd systemic mottle

or symptorless infection.

Zinnia elecans Jacq. 'Czctus flowered': symaptomless local

infection; systemic mosaic and chlorotic flecking.

COWYCLVULACEAR
Ipomoea leptuphylla Torr. (morninz zlory): local chlorotic

blotches; systemic mosaic.

CRUCIFERAE
Arabis sp.: symptomless local and systemic infection, virus
recoverable in low concentration.

Brassica olerace:z L. var capitata 'Drumhead' (cabbage):

local and systemic symptomless infection, low virus concentration
recoverable in C. quinoa.
Brassica pekinensis (Lour) Rupr. 'Chi Hi Li' (chinese cabbage):

local chlorosis; systemic infection not detected by back inoculation

to C. quinoa.
Vatthiola incana (L) R-Br. (stock): symptomless local and

systemic infection virus recoverable in low concentration.

CUCURBITACEAE
Citrullus vulgaris Schrad, 'Colden Honey' (watermelon):

chlorosis on inoculated cotiyledons; no systemic infection.
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Cucumis sativus L. 'Polaris' and 'Crystal Apple' (cucumber):

3=4mm loczl chlorotic blotchesy systemic chlorotic flecking and
veinal chlorosis (Figure 4).
Cucurbita maxima Duch. 'Buttercup' and 'Buttermut' (pumpkin)

faint chlorotic lesions on cotyledons; systemic cihlorosis, on occasions
chlorotic blotches and leaf curling.

Cucurbita pepo L. 'Small Sugar' (pumpkin): {mm chlorotic

local lesions on cotyledons (5 days); systemic chlorotic flecking and
severe mosaic develops with necrotic flecks (Figure B)e

Momordica balsamina L. (balsam apple): chlorotic local

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

(5-7 days) followed by conspicuous systemic mosaic (Figure 3).

LABIATAE

Ocimum basilicum L. (basil): mild local chlorosis; symptom—

less systemic infection.

SGULIINOSAE

Dolichos biflorus L.: symptomless local and systemic infection.

Phaseolus Vulgaris L. 'Top Crop', 'Prince' and 'Ked Kidney'

(french bean): pin point chocolate necrotic local lesions, most
frequent autumn and sprinz months; symptomless systemic infection was
detected occasionally on back inoculation to C. guinoa.

Pisun sativum L. 'Greenfeast' zund 'Bonneville' (garden pea)s

2-5mm irregular chlorotic and necrotic patches (5 days) on inoculated
leaves, also local veinal nzcrosis. The top half of systemically
infected leaves becomes chlorotic, front effect.

Vicia faba L. 'Coles Early Dwarf' (broad bean): 1mm chocolate
local lesions or larger 3-4mm brown blotches and rings appear (4-5 days);
symptomless systemic infection, virus recoverable in high concentration
on back inoculation to C. guinoa. '

Vigna unguiculata (L) Valp, subsp. cylindrica (L). van
Dseltine ex Verde. (catjanz): 1mm brown local lesions on primary leaves

(4 days); faint systemic mottling. Virus readily recoverable from
systemically infected areas in high concentration.,

Vigna unguiculata (L). Walp. subsp. unguiculata 'Blackeye
(cowpea): 1-2mm chocolate local lesions (5 days) on primary leaves;
systemic mottling. High concentration of virus in systemic infection.

NY CTAGINACEAE
Mirabilis jalapa L. (four o'clock): loczl and systemic veinal

chlorosis.
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POLEMONIACEAE
Phlox drumondii Hock. (phlox): local and systemic veinal

chlorosis.

SCROPHULARIACEAE

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

recoverable from systemic leaves in high concentration.

:DL .AH A CE:S‘..E
Capsicum frutescens L, 'Sweet Capsicum' (tobasco pepper):

lirge ca., Smm chlorotic bloiches (7 days) inoculated leaves
subsequently becoming necrotic along veins; systemic mosaic follows.

Dztura stremonium L. (jimson weed): 1local chlorotic rings

(7 days) rapidly become necrotic; systemic mottling and subsequent
leaf strapping.
Lycopersicon esculentum Mill. 'Fotentate' (tomato): mild

chlorosis locally and systemically.
Hicotiana clevelundii Grey: diffuse 2mm local lesions

(4 days) luter encompassing whole leaf; systemic chlorosis of
interveinal areas and stunting follows. Bichingz and oak-leaf patterns
zlso occurred.

icotizna debneyi Domin: chlorotic local lesicns (5 days);

systemic bright yellow mosaic (9 days) with leaf sirapping, curling
subsequently, chlorotic line patterns and pin point necrotic lesiong
form ring and line patterns along the leaf veins.

Nicotiana glutinosa L.: chloroiic loczal lesions (5 days)

later enveloping whole leaf; systemic chlorotic rings, flecking and
mosaic (10 days).
Nicotiana glutinosa x I, clevelandii (hybrid): local

chlorotic blotches; systemic chlorotic {leckingz and blotches with
veinal chlorosis following. '
Nicotiana rustica L. '"Pavionii': faint chlorotic loecal

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,

Nicotiana tabacum L. 'Burley 21', 'Havana 423', 'Samsun',
'White Burley': chlorotic local lesions 2-3mm (4 days) followed by a
range of symptoms including necrosis; circular lesions, etch patterns,
oak leaf patterns and target lesions; systemic symptoms were also
diverse and variable including; striking mosaic, chlorotic line patterns,

necrotic oak leaf patterns and raised green islands with chlorotic
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margins (Figure 6).

Poetunia hybridis Yilm, '"Rose of Eeaven ' and '"Rosy llorn':

chlorotic locel lesions (2 days); leaf becomes bright yellow as
lesions coalesce; systemic mottling and chlorotic flecking,
occasionully necrosis. -

Physelis franchetii last.: locegl chlorotic lesions guickly

forming 2-3mm necrotic ring lesions with white centres and dark
irregular, somewhat star slh.ped margins (Figure 7): systemic mottling
with virus recoverable from systemic tissue in low concentration.

Solanum melonsens L. (Ezg Plant): few 6-Tmn chlorotic local

blotches; systemic mottling with virus recoverable in low concentration.

TROPATOLACELE

Tropaeolun majus L. (nasturtium): Z£aint chlorosis or symptom-

less infectlion virus recoverable from systemic tissue in low concentration.

ULBELLIFERAR

4pium graveolens L. 'Dulce DC' (celery): chlorotic mottling

and veinal chlorosis, virus recoverable systemic tissue,

The following plants vere not atle to be infected with isolates

of CL/-D: Callistephus chirensis (L) Nees. (Aster}, Hcliunthus arnus L,

(sunflower), thacelia minor (How,) Thell., Sazlvia patens Cov., Tithonia

speciosa iHcok.

Isolates of CllV=U could be distinguished “rom Daphne CLV-C

(common type) isolates by the systomic infection of & number of hostis

numely; C. guinoa, Dolichos biflorus, Lomordicz belsarina, Vicia faba,

Vigna unguiculata subsp. cylindrica, vigmma unsuiculeta subsp. unguic-

uleta and Zinnia elegans. In C. quino:, llomordicc balsamina and Zimnia

elegans ClV-D produced conspicuous systemic symptoms in contrast to
ClV-C isolates which only produced localised inf'ection. In the legumin-

ous hosts Dolichos biflorus, Vicia faba Viegmo uncuiculate subsp., cylind-

rica and subsp., unguiculetz, infections were either latent or produced
only mild symptoms; however back inoculation to C. guinoa revealed high
concentrations of ClIV-D., In contrast CV-C isolates did not cause any
systemic infection in these legumes. The systemic infection of C.
guinoa by CIV is nol a common phenomena but has been previously recorded
(Barnett & Baxter, 1974). Systemic in“ections of lesuminous hosts are
characteristic of legume isolates of CMV (Bird et al.,, 1974) but have

also been recorded for an isolate of CNV from Euonyrus japonicus
"Wicrophyllus' (Barnett & Daxter, 1974). Definitive hosts of CUV in the
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Cucurbitacede and Solenacecze react similurly to ell Dephne CLIV
isolates tested in this study. and in accordance with reactions
for other CUV isolates (Barnett & Baxter, 1974; Thargava, 19513

Brierley & Travis, 195%; Drice, 1940).

1.4 TECTOR THANSITSSICH

ALnhid non norsistent transmission

Determination of optimal starvation period: an experiment

vus conducied to determines the optimal precceguisition starvation

period for the zphids liyzuz wversicac and llacrosiphum euphorbize.

Aphid:.. were placed in petri dishes on moist filter paper and starved
for 0.5, 1, 2h und overnisht periods. After each period twenty aphids
were placed on detached leaves and excuined with o binocular dissection
microscope; ten aphids were placed on a detached leaf of 3. oleracea.
Pre-probe times were recorded Tor each aphid and similar information

vas recorded for ten aphids on M. tabzcum 'Havana'. The duration of
the first probe was also timed. It was found both aphid species
behoved siwmilarlys; after O.5h starvation the first probe occurred
within 5-20sec; w«fter 1h the first probe was usually within 1ming
after loncer periods (2h and overnight) cphids were very restless and
did not probe reliably wiithin three minulecs. 3. Qlerucea leaves were
found preferrable to '"Havana' as the laci: of leal huoirs enubled the

cphids to settle more recdily and find a site to probe. M. euphortice

prohbed relizbly for 20sec zlter 0.5h gtarvation, then withdrew and
moved on, while lI, persicae usuclly probed for a longer period. For
transmission experiments it was decided to starve both aphid species
for 0.5h; after 20sec the vrobes were interrupted by touching the

antennae, although this was generally not recuired for ll, euphorbiae.

Results of non persistent aphid transmission experiment:
three experiments viere conducted with CIV-D, two using ll. persicae and
one using ll. euphorbiae. In all cases ithe identity of the transmitted
virus was confirmed to be {'V=D by definitive host inoculation tests.
Within 15 days local and systemic symptoms were observed in all the
innoculated 'Havana' plants. In the second and third transmission
experiments . persicae and lI. euphorbiae were used respectively. Ten
aphids of the one species were transferred after 20sec probes on detach-
ed CHV-D infected spinach lezves, to each of two S. oleracea and two
"White Burley' tobacco rlanis. In the exverinent with M. persicae all
plants became infected, while in the experiment with ll. euphorbiae
both S. oleracea plants and only one 'White Burley' plant became
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detectably infected.

The trensmission of CLIV-D in o non persistent manner by ll.
cuphorbise and U, persicae is consistent with that reported for CLV

(Kennedy et al., 1962).

1.5 PHYSICAL PROFZRTIES IlIi CRUDE 3AF

The thermal inactivation point (TIP) of CV-D in crude sap

from infected N. rustica leuves assazyed on C. guinos was 60-65C. A4
dilution end point (DEP) of 107> was obtained From systemically
infected 'Havana' tobacco cssayed on '"Top Crop! bean.

These results are consistent with those reported for CLV:

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

1.6 TLFCTRON MICROSCOPY

HNeorative uiaining of infecied vlant tissue

Using the sguash homogenate ncutive gtaining technique
(Valkey & "ebb, 1968) small isomeiric purticles ca. 30nm could be
detectced with either phosghotunzztic acid (P?A) pH 4.0 or & 1:1
nixture of ammonium molybdate pH 5.3 and rhesphotungstic acid pH 7.0
(B of mixture 5.5) (Dennett, 1975). Ammonium molybdate pH 5.3 alone
had zood spreading but poor contrasting propertiecs while PTA at lover |
pH's (pH 4-5) contr.sted well but gave poor spreadins. At higher pli's
TA is knovn for its disruption of CLlV particles and this, together
with its poor spreadin: properties, made it inappropriate to use zlone.

A 131 mixture of ALl and PT., proved a satisfactory compromise.

Duc to the hetero_enous nature of squash homogenates from
daphne flower and leaf tissue, CLIV-D was difficult to resolve in this
host. However in several inoculated herbaceous hosts including C.
quinoa, cucumber, momordica and several tobacco species ClIV-D particles

were more readily detected.

Nezative staining of purified virus prepurations

Negatively stained purified prepartions of ClIV-D were examined
in the electron microscope to observe contrast, spreading and disruptive
properties of several stains. The effects produced were observed in
relation to several factorsz: the negative stain used, its pH and the
presence or absence of =z fixative or chelatine agent in the huffer used

s

for resuspending the purified preparation. With this information a

procedure was standardized to elucidate the quality of virus preparztions



with respect to the number of intact particles and the relative
concentration of pluant protein contaminants (F1 protein) (van Regenmortel,

1966) .

There are severul earlier reports noting difficulties with
nezative sgtaining of CilV. Iurant (1965) found poor contrast and
disruption of many CLV particles in PTA pH 6.0, while Francki et al.,
(1966) observed penetrztion and disruption of particles in FTA pH 7.0.

n the anclytical ultracentrifuge Francki et al., (1966) also observed
the disruption evidenced bty the broadening of the normal homogeneous
single sedimention peak of CLIV-Q strain preparations in PTA pH T.0.

The disruption of virus pzrticles by neutrul FTA has been observed with
other icosahedral viruses including arabis mosaic (lurant, 1970) and

carrot mottle (lurant ét al., 1969). Difficulties with virus particle
dispersion has also been reported for several negative stains with CLIV

and other viruses (Bremner & Horne, 1959) .

..veral sugzestions have been proposed to overcome these
difficulties, The use of fixatives to facilitate staining of CLIV has
been racomnended. Francki et al., (1965) used the Sixative osmium
tetroxide with the negative stain uranyl zcetate, and later formaldehyde
was used as a fixetive with PPA 7.0 (Prancki & Habili, 1972). It was
postulated that the disruptive quulities of negative stains on tobacco
necrosis virus were simply a pH effeet (Minlay & Teaille, 1969) and
therefore low pl negative sizins were recommended rather than neutral
pH ones. However the stebility of ClIV in nezative stains appears to
involve more than just a simple pH effect. Forster (1974) and
Tomlinson et al., (1973) demonstrated th:ut the chelating agent disodium
ethylene diamine tetra-acetute (EDTA) had a marked beneficial influence
on particle stability in the presence of some neutral pH stains,
Tomlinson et al., (19?3) observed that EDTA prevented disruption of CUV
particles in neutral ALl but not in neutral PTA., However in the absence

of EDIA broken CMV particles were also found in neutral AM.

To overcome dispersion problems 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 albumen (BSA)
at a concentration of 0.5§ mixed with the virus preparation before
staining and grid spraying (Valentine, 1961). Other wetting agents include
sucre 8, glycerol, propylene glycol, Triton X-100 and sodium dodecyl
sulphcte., More recently bacitracin at a 50pg/ml concentration has been

used, and good spreadinzg of virus particles has been obtained with five
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common negative stains (Cregory & Pirie, 1973). Virus spreading
difficulties may also be overcome by manipulation of the stains

virus raetio. Brenner & Horne (1959) noted that satisfactory

spreadin: of virus particles on electron microscope grids was dependent
on the ratio of specimen particle concentration to embedding material

concentrution.

ot unexpectedly, problems in maintaining the structural
integrity of CLIV-D prepurations in negative stains were experienced.
In the absence of EDIA, CLIV-D particles were completely penetrated and
disrupted by both PI'A pH 7.0 and pH 4.0 in 4I pH 5.3 broken particles
also occurred (Figures 8 & 9). The fixative formaldehyde at 0.5% was
tested, but althoush particles were stubilized in PIi pH 7.0 dispersion
of particles on the grid was poor, These difficuliies were not entire-
1y prevenied by the addition of BSA, SD3 or bacitracin wetting agents.
Following the experience cf Forster (1974) and Tomlinson et al., (1973)
EOTA was incorporated into the buffer used in the purification of CLIV-D,
Furified preparations of CLIV-D were resuspended in 5Smll vorate buffer
pH 2.0 with several levels of EDTA (0, 0.5, 1 and Sral) and negatively
stained using several nezative stains including: Al pH 5.3, P4 pH 4.0
and pH 7.0, uranyl formate (UF) pH 4.0, uranyl acetate (Urdc) pH 4.0
and a 131 AN pH 5.3 ¢ PTPA ol 7.0 mixture. The results of this expari-

ment are summarized in Table 1 and in Fisures (8 & 9) .

TABLE 1. The effects on CLV-D particle stability of several

negative stains and different EDTA concenirations.

legative stain ; concentration of LDTA

Oml! 0,5mk! il Smil
Al pH 5.3 B B
PTA pH 4.0 B - 3 S
PTA pH 7.0 U U U S
AN pH 5.3 &
PTA pH 7.0 (1:1) - » 5 =
UAc natural pH - - 3 -
UF natural pH - = 5 %

S = stable (90% particles intact); B = broken (75, particles intact);
U = unstable ( 50/ particles intact).




Althouzh the resulis are not guazntitative the experiment was
repeated on several occasions using purified preparations of CLUV-D

and similar results were obtained.

These results indicated that the more disruptive the negative
stain the higker the concentrztion of LZUI'A required to stabilize CUV-D
particles i.e. with FT4 pl 7.0, 5mil EDT: is required to stabilize virus
particles compared to All pH 5.3 where only 1mll EDTA is reguired
(Pigures 8 & 9).

Further to these results it was found thzt ALl gave excellent
dispersion of CLV-D purticles on electron microscope grids whersas PTA
stains resulted in poorer spreading and UrF or Urdc resulted in extreme—
ly poor spreading. ‘lhere virus particles dispersion was poor a wetting
agent (0.0ﬁﬁ D3A or bacitracin) was added, or the 1:1 ratio of negative
stain to virus preparation was diluted with distilled water. Some
improvement in CLV=D dispersion was observed on dilution but neither of
the wettinz agents proved of value., Hizher spraying pressures (>25psi)
wd spraying at closer ranzes to the grids were tried, as well as post—
staining of unstained, sprayed preparations. These methods did not

improve results sufficiently to warrant their continuation.

From the results obtained it wos decided to resuspend all
purified preparations of C.V-D in EDTA und examine in the electron
microscope using the negative stain ammonium molybdate pH 5.3  Excellent
contrast and spreading wes obtained reli:bly and repeatedly. Particles
remained intact and the presence of F1 protein could be determined
where and when it contaminited the purified virus preparation. Unlike
the results with squash homogenates, All does appear to give sufficient
contrast with purified virus preparations and conseguently the presence

of PTA is not required.

Because the cation enviromment around ClLIV-D particles differs
markedly in purified prepzrations 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 AM:PTA 131 which
proved desirable for squash homogenates of ClV=D infected tissue, disrupts
CMV-D particles in purified preparations. But the level of disruption
obgerved with atained purified virus preparations was only small ca.
10-20% breakage of CMV-D particles, It is quite probable some (V=D
particles in squash homogenates are disrupted by the AM:PTA mixture but
the number of particles would be of minor significance. The staining
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techniques were developed separztely tc suit the requirements of either
squash homogenates of purified virus preparation. The mixture AM:FPTA

vwas not chosen for purified virus prepuraticns in ZDPA buffer because

adesuzte contrast was cbtained using AL 2lone.

& hypothesis for the observed regquirement cf EDI'L in negative

stained CUV-D purified preparations is outlined:

Froteins reyuire divalent caticns, in particular Kg' (Gergzely,

1966) to m ain a tertiury and guaternary conformution. However the
prescnce of excess divelent cations mey result in binding between the
sepurate protein entities themselves and thus precipitation will occur.
Such a precipitate however is readily solubiliszed ty the removzl of the
divalent cations cnd use has been made of this in mrification of plant
viruses (Dunn & Hitchborn, 1965) where chelating agents such as EDTA

are used to remove the Mgi+ cations, thus facilitating the resuspension
of the virus precipitate. The H32+ ions within proteins can be replaced
Ly other divalent cations or even monovalent cations where the latter
are in rcreet excess. Reylacement of cdivalent cations by monovalent

catiins dees not howevior maintain protein conformuiion as monovalent

cations cunnot bind between two sepurate sites.

Desrudation of CLIV by monovalent ions his been reported
freguently., Kaper et al., (1965) found disruption of CLV by KCl and
Gibbe and Harrison (1970) emphasized the problem of non specific
precipitation ty MaCl in serological tests. TFroncli et al., (1966)

lilkewise found CiV-Q destubilized by monovalent ions from LiCl,

The negative siain FPA is prepured from its potasium szlt
and its pH is usually adjusted by potassium or sodium hydroxide, %
is therefore hypothesized that PTA as & negative siain causes an excess
monovalent ion concentration around virus particles, replacing divalent
cations and destabilizing the coat, resulting in disrupted particles.
Prs pH 7.0 has a greater concentration of free X' ions than PTA pH 4.0
thus PTA pH 7.0 is more disruptive. The pll effect as proposed by
Tinlay and Teakle, (1969) therefore appecrs to be due to the availability
of disruptive cations at different pHs. All has a lesser zbility to
destabilize virus particles than PTA because ammonium ions do not compete
as well as X* ions at divilent cation replacement. However if the virus
preparation is resuspended in an adequzte level of the chelating agent
EDTA before negative staining, excessive monovalent ion concentrations
et fons firmly bound within the tertisry

or quiaternary protein-structure. The virus particles within the prepar-

are removed thus leaving the lg
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ations therefore remain intact. The inefficiency of TITA in chelat-
ing monovalent as compared to divalent cations would necessitate a
reasonably high level of IDTA to stabilize the capsid of CI'V, e.g.
CllV-D preparations regquire 5mll EDTA to stabilize virus particles in

the negative stain 1T4 pl 7.0. .

Farticle morphology and size

Isometric particles were observed in severazl innocula.‘ted.
I
ArT

hosts and purified CLV-D prepzrations, 50 particles stained in All

had an averaze diamcter of 29nm.

These results on electron microscopy of ClV-D are not only
in accordance with those rsported for C./ but more fully illustrate
a rel.tionship between C.V particle disruption, nezative stains and

chelating agents.

£
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concentration.
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1,7 FPURIFICATION

A prerequisite to detailed virus characterisation is a
reliable purification procedure producing homogeneous infectious
preparations. Tumerous methods have been reported for CUV
purificztion including those by: Hollings (1968); Lot et al., (1972);
van Regenmortel (1964); Scott (1963) and Tomlinson et al., (1973) and
in purt these different procedures have been developod because of

yrotlems with virus instability (Pranclii et al., 1966).
[ A ’

A purification procedure for ClIV-D wzs developed enzbling
further charccterisation znd comparison with daphne cormon GV (CLV-C).
Severzl aspects of a purilicution procedure for ClV-D were examined,
ineluding: virus source; extraction mediumi clarification; virus
precipitation; resuspension medium and further purification., Analyses
of homogeneity of final preparations were made with respect te
(1) infectivity, (ii) serclogy, (iii)electron microscopy, (iv) analytical

centrifuzotion, (v) UV spectrozhotometry.

Virus source

The source of CIV hus been deuwonstirated to be important in
purification procedurcs and Hollingzs (1968) obtained highest and

cleanest yields from ll. clevelandii with poorer resulis from N. cluiin..a.

Varieties of II. t:ilzcum (tolacco) zre Trequently used including 'Samsun',
(Secott 1963) '"“hitec Zurley', (Tomlingon et al., 1973) 'Xanthi', (Lot e
aly, 1972) and good yeilds of C.V are obtained. vun Regenmortel (1967)

recommends Cucurbita pepo L, (aquash) in preference to tobacco as with

the use of elecirophoresis for further purification tetter separation
between virus and plant contaminants wis obtained., Cther workers

have preferred C. sativus (cucumber) to tobacco (Peden & Symons, 1973;
Habili & Francki, 1974).

The age of infection by ClIV before harvest is also impe--tznt.
Tomlinson et al., (1973) demonstrated peak infectivity in tobacco
occurred 10-12 doys cfter innoculation while Lot et al., (1972)
recommended harvesting 6 day old locally infected tobacco for CUV
purification.

In this study with C.V-D, infected (local and systemic) plant
tissue was harvested for purification ca. 12 doys after innoculation.
Several virus sources were tried: N. clevelandii gove highest virus
yields (30—40mg/1003 infected tissue) with little contemination by

plant components (serologically undetectable). N, tubacum varieties
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'Burley 21', 'Havana 423', 'Samsun' and 'White Burley' all gave clean
preperetions with good virus yields (cz. 20mg/100g infected tissue).
Cucumber C. sativus 'Crystal Apple' and 'Polaris® also gave similar
high yields and clean CLIV preparations. Contrary to the results of

Forster (1974) and Hollings (1968) N. lutinosa tissue gave reasonsble

virus yields (ea. 15m3/100g) which were not hishly contaminated with

F{ protein. H. debneyi o fleshy species like H, clevelandii of the
tobacco family solanacewe gave CUIV yields of ca. 10mg/100g and preparat-

85

ions reusonzbly free of T1 protein. COverall the purification procedure
for CilV-D resulted in reasonable virus preparztions from either tobacco

or cucumber,

Extracticn medium

The ionic environment in which CIIV is extracted in from
infected plant tisuue’ undoubtedly influences the loss of virus by
agzrogation and attochment to cellular plant material (Hollings, 1968
Si1l et al., 1952).

' A range of extraction buffer. have been used znd recommended
for GV, Scott (1962) and Tomlinson et al., (19?2) recorded greater
infectivity using phosphate buffer for extraction compared to borate.
Citrate buffer (von Legenmortel, 19643 Lot et al., 1972) has also beca
shown to give good resulis. Since Lot et al., (1972) showed grezter
infectivity with 0,5 citrate buffer ccompared to 0.0%5L citrate znd
Tomlinson et zl., (1973) demonstrated 0.5l K=K, phosphate was better
than 0,05 phosphate, hish molarity extiraction buffers have been
cormonly used. However van Regemmortel (1964) demonstrated with a
high molarity extraction buffer (citrate 0.51) that although the infecliv-
ity was higher than extrection in 0,05l citrate or distilled water,

greater levels of F1 plant protein contaminant were also present.

Several buffer zadditives have been tested. Reducing agenis
and chelating agents are frequently included in extraction systems with
the aim of preventing virus degradation by plant phenolies. On
extraction plant tissues release maqy.substances including polyphenols
and enzymes which catalyze oxidation, Problems with virus inactivation
and precipitation during extraction have been attributed to these
oxidized polyphenols, and the function of certzin reducing and chelating
agents which appear to inhibit the above have been hypothesized
(Kosuge, 1965)« Reducing agents such as thioglycollie acid (TCA) and
mercaptoethanol (LE) apparently inhibit the oxidation of polyphenols by
oxidase enzymes while certain chelatins agents such as EIDIA or sodium
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Diethyldithiocabamate (DIECA) are purported to inactivate polyphenol-
oxidase enaymes by the removal of cu™ cations from the prosthetic
groups of these enzymes. |Thereas EDTA has =z marked chelating capacity
for divelent and monovalent cations, it is most efficient at binding
CA™ and us":  DIBCA chelates more specifically for larger cations

e
such as Cu .

Relationships between polyphenoloxidases and virus instability
have been demonstrated for CLIV in tobacco leaf extracts (Harrison &
Pierpont, 1963). Dy incorporation DIECA, infectivity of virus extracts
was increased but the addition of Cu™™ ions 2long with DIECA resulted
in low infectivity.

TCA has frequently been included in extraction buffers for
ClIV purificzation (Hollings, 1968; Lot et al., 19723 Takanami & Tomaru,
1969), however Tomlinson et al., (1973) reported increased stability
and infectivity during CIV purification by the incorporation of IDTA,
vhereas Hollings (1968) observed no marked benefit. Recently a CLIV
isolate from MNandinz in this laboratory was demonsirated to give
increased virus yields when ertracted with EDTA, rather than without
(pers, comm., Dr. K.5. Uilne, 1974) supportinz the work of both
Takanami and Tomlinson.

™ T

In this study Cl'V-D was extracted in 0.5 K=K, vhosphate
buffer pH 7.0 with 0.1% TGA and increased virus yields were obtained
when 1-5ml ZDTA was present.

Clarification
Clarification of CLIV buffer extracts is usually done by way

of organic solventis including diethylether, chloroform, butancl, or a
chloroform: butanol mixture. Using 8.5% n-butanol Hollings (1968)

found increased infectivity with CMV on incubating the sap-butanol homo-
genate overnight at 2C or 20C. Longer standing, up to 14 days,

further increased the virus yield, after which infectivity decreased.
Clarification of sap from CLIV-V infected tobacco with chloroform or
diethyl ether (1:1 with expressed sap) gave a higher infectivity than
clarification with 8.57 n-butanol (Tomlinson et al., 1973). Most CLV
purification procedures involve clarification with chloroform (Lot et al,,
19723 Peden & Symons, 19733 Takanami & Tomaru, 1969), although
occasionally acidification has been used (Grogan et al., 1963). Bentonite

(Dunn & Hitchborn, 1964) does not appear to have been tried.
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In this laboratcry chloroform has commonly bzen used for
clarifying sap containing C.V, includin:z isolates from daphne and
nandina, Becuuse of the satisfactory results obtained chloroform
was also used in the purification of CilV-D, The incubaticn time of
+he chloroform homoenates, one hour with pioriodic shakings (Forster,
1974), was modified to vigorous shaking for 20min as link et al.,
(1969) found this resulted in less F, protein coniaminating PSV

1
purified preparations.

Jirus precipitation

After brealiing the solvent—extract emulsion by low speed
centrifuzation, the supernatant is usuzlly subjected to wWltracentrifug-
ation to pellet the virus (Peden & Symons, 1973; Scott, 1963;

Tomlinson et 2l., 1973). Precipipation of CiIV by coacervation with
polyethylene lycol (Fo3) also resulted in zood virus recovery (Lot ct al.,
1972). Lot et 2l., (1972) found ca. 6.+ FIC was a suitable level for
precivitation of CliV. Coacervation is dependent on the ratio of the
coacervant to monovalent cations (Herbert, 1963) aznd therefore ca. 0.15.
WaCl is azdded to 65 FC “or CUV precipitation (Lot et al., 1972).

To obtzin purificaticn C'7 is usually subjected ic several cycles of
4.

~

differential centrifusation or IZC precipitation,

Both procedures were tried with CilV-D, ultracentrifugation at
100,000g for 90min and coccervation by overnisht stirring with 6. PEG
& 20,000) znd 0,151 Hall, followed.by pelleting with low speed
cenirifugation,

The period required to pellet CLIV-D by ultracentrifugation in

a 25ml tube, (USE 8X25 titanium rotor), was calculated froms

Tw 58 log, Rmax - log, Ruin )
S 2
where T = time required to pellet CLIV
S = sedimentation coefficient CV (98 X ‘IO-13 sec _1)
Rmax = 9.415cm (for 8 X 25 rotor)
Bnin = 4.358cm
w = rev/min = 39,000
Calculated T = 1.309 hours

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

acceleration to 39,000rpm,
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A level of 6% Pag I77 20,000 was used with C'V-D. It was
found that 0.15L IaCl was not required in the first FBG precipitation

cycle and this was probably attributable to the high levels of monoval-

i

ent cations extracted from plant tissue and the high levels of Ne¥ ions
in the extraction bLuffer, Contrary to the experiences of (Forster

(1974) all daphne CI'V isol-tes tested could be concentrated with FEC to

give satisfactory yiclds of purified virus, Houever in a comparison

A

between ultrzcentrifusation and PEG precipitation of CIIV-D approximately

one third higher virus yield, with less ', protein contaminant, was

1

e e

obtained by ultracentrifugation.

Resuspension medium

lleny different btuifers have been used ito resuspend pelleted
V. Eurly workers (Lurwnt (1965), (Tomlinson et 2l., (1959) used
dilute phosrhate alsrevarding virus stebililty and cgoregation problems.
S5cott (1963) overcame these problems by dialysis and resuspension in
dilute borate buffer, pH 9.0. Dilute citrate buffer zlso prevents CUV
aceresation and has been used by van Regenmortel (1957). Lot et «l.,
(1977) improved dilute citrate buffer by including Triton X-100, obtaine
ing hizher infectivity znd preparationg freer from ulant contaminants.
The prevention of azrecation of CLIV with ZDTA buflfers was demonstrated
by Takanami znd Tomaru, (1969) who concluded its function was thut of
chelating Cree divalent coiions which appear to w resate CIV particles.
Subsequently various T4 levels (Peden & Symons, (1973) - 0.5wmlf IDTA;
Tomlinson et z2l., (1973) - 5= LNDTA have been incorporated into resuspens—
.

ion huffers (frequently with Sm borate pll 9.0; Temlinson et al., 1972).

SX T

Severzl different buffers, at different zlls with and without
S04, were compared in this stucy on C'V-D purilication. Infected
tobacco tissue wis extructed =nc after ultracentrifugeation the sesarate
virus pellets were resuspended in different buffers. Following
resuspension for an hour the solution was sampled before being subjected
to a further cycle of differential centrifugation. The final virus
pellet was resuspended in distilled water, agzain sampled and appropriate
dilutions prepared and scanned in a UV spectrophotometer. The apparent
virus concentration at each resuspension was calculated from the absorb-
ance at 260mm (using E 0.14 = 5) and from this the percentage virus
recovery was calculated. Absorbance maximum/minimum ratios were also
calculated for the final virus resuspension. The results are summar-

ized in (Tuble 2).
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In Table 2 the buffers marked with asterisks appear to give
lower % virus TEeCOVETY « However use of these buffers results in A
max/min values (cz. 1.40) nore typical for CLI¥ pure preparations
(Lot et 2ley 1972), wheress the other bulfer resuscensions have i mux/
min values (cz. 1.70) choracteristic of preparations contaminated by
plant materizl (Lot et 2l., 19?2). It is probable that the apparent
higher yields with these tuffers is due to contaminating plant material.
With the exception of cilrate buffer, the buffers nmurlied by asterisks
contain IIDPA and these virus resuspensions appear from A max/min vzlues

to be cleaner.

TABLE 2. Comparison of resuspension tuffers used in CIV-D

purification

. virus absorbance
buffer LDIA pE rocovery max/min
distilled water b €.5 1544 1.74
distilled water + 5.0 12.2% 139
K—I-i2 rhosphate 10mil - 7.0 14.8 1.71
K=K, phosphate 10! - 7.0 15.0% 137
lla ;itratcfcitric
acid 102 - 7.0 10.3% 1.39
Tris-HCl 20ml! - ' 8.0 13.0 1.64
Mris-HCl 20mlLl + 8.0 6. 2% 141
Na borate/HaCH Sl s 9.0 15,0 171
Nz borate/HaOH St + 9.0 11.7* 143
Na bicarbonate/
carbonate 10rii - 9.5 10.4 1.49

* .
apparent lower & virus recovery but 'cleaner!

preparations (see text),

Experiments with purification of nandina CMLIV in this
laboratory have shown that the apparent increased virus yields in
resuspension buffers not containing EDIA is a result of greater
contaminetion by plant components. This was demonstrated by the
extraction of CMV infected and ‘'healthy' uninfected tobaccos using a
buffer with and without IDPA (pers, comm., H, Neilson 1975). The
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ability of EDTA buffers %o provide clezner virus resuspensions is
evident from these results. However, it does appear that dilute
citrate (without EDIA) cun adequately substitute for EDTA buffers.

On the basis ol this work the bufZer chosen for CHV-D
resuspension was S5mif borcte plus 1mll ZIT4 pH 9,0, Virus pellets
were resuspended on on orbital sheker for one hour before clarifying
by low speed centrifusation (15,000g/15min). The final virus pellet,
after a second cycle of differential centrifugation, was also resuspend-
ed in the above Lorate/”j?ﬂ buffer (151/100; harvested tissue). The
suitzbility of this borate/IDIA buffer for final C.V-D pellet resuspens-
ion was confirmed by worz on negative staining for electron microscopic
exanination and analyticzl centrifugation of virus preparations, It
was found that the level of TDTA wes critical to ensure intact CLV
particles within different negative stains, Two preperations of CLV-D
were exanined by analytical centrifugation, one suspended in distilled
vater and the other in borute/EDTA buffer. Az regztion of CLIV=-D
occurred in the distilled water—virus suspension, two broad sediment-
ing peaks being observed (Figure 11), while the CIV-D suspension in
borate/BDTA shoved no agsrezation, as evidenced by a single homogeneous
sedimenting pesk (Figure 12). This azgregation effect has been
previously observed (Talunzrd & Tomaru 1969) with IV in borate buffer
viithout ZDTA, during anclytical centrifugation.

The acticn of U4 in CUV purification appears to be four
fold. Mrstly during plant tissue extiraction DUT4 apparently chelates
cutt

rreventing oxidation of polyphenols and subseguent inactivation of CUIV

ions necessary for azctivity of polyphenoloxidase enzymes, thus

(Hurrison & Pierpont, 1963). Sccondly by chelating other free divalent
cations IDTA removes the possibility of GV azgrezztion (Takanami &
Tomaru, 1969). Thirdly this same binding of divalent cations prevents
virus particles asgregating with plant proteins (F1). Consequently
less F1 protein is pelleted with the virus on centrifusation and the
preparation is therefore 'cleaner'. The fourth function involves
EDTA's chelation of monovzlent ions which appear to be able to disrupt
virus particles, removzl of these monovalent ions by chelation main-
tains intact CUV particles (see discussion page 21).
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Murther purification

A variety of techniques have been used to further purify
ClV vpreparations: density gradient centrifugation (Tomlinson et al.,
1973)3 further cycles of differential centrifuzaticn (Lot et al., Peden
& Symons, 1973); and zone electrophoresis (van Regenmortel, 1964).

Tormlinson et al., (1973) used 10-40,. sucrose gradients to
separate C.V from plant components, but low yields 10ng virus/kg
of infected leaf wvere obtained with this procedure. Further differ—
ential centrifu:ation cycles were used by Lot et al., (1972) and Peden
and Symons (1373) in CLV purification. On the basis of UV spectrorhoto-
metric data Lot et al., (1972) obtained very clean preparations with
CIV yields of 380-475mz/liz leaf tissue. Zone electrophoresis has also
been recommended for CLV finel purificction by ven Rezermortel (1964)
who, on the basis of serclogiczl data, reported that very clean virus

preparations can be prepared using this method.

In the pnresent study density gradient centrifugation of CIIV-D
on (5-30)) sucrose gradients was tried, but as with Tomlinson et al.,
(1972) very low (10!) virus recovery was obtained. It was therefore
felt thot manual fractionation of gradients is unsatisfactory with
resvect to the low recovery of virus. Some improvement of A max/min
ratios occurred after subjecting CLV-D preparations to a third cycle of
differentizl centrifugation, however cz. 50; loss of virus occurred, znd
therefore this technique vwas discontinued. Preperations of ClIV-D sere
run in & gzone clectrophoresis apparatus (van Regenmortel 1964) as
modified by Uyemoto (osers, comm., Dr K.S. lilne, 1975). However
poor separction of CMV-D from plant components occurred as a result
of difficulty in maintaining an adequete current. The CLIV-D preparat—
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. Squash, recommended by van
Regenmortel (1964) =5 a source of ClIV for zone electrophoresis was not

tried.

The procedure adopted for further purification of CUV-D,
involved the pelleting of the virus in the second cycle of differential
centrifugation, through sucrose. Five ml of 207 sucrose was injected
with a syringe below the virus suspension in the centrifuge tube, to
form an interface. The sucrose impeded the sedimentation of
P, plant protein and other plant components, hence avoiding contaminat-

1
ion of the final CMV pellet, Such 'cushions' of sucrose have also been
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used along with polyethylene glycol in the purification of hop mosaic
virus, (Probasco & Skotland, 1974) thereby effectively excluding F1
protein contamination. This sucrose 'cushion' procedure was preferr-
ed to other techniques because of its simplicity, while still produc-

ing '"clean' CLIV-D preparations without undue loss of virus.

The purification procedure for CLV-D developed in this study

is outlined in PFigure 10.

Analysis of homogeneity

(i) Infectivity

Infectivity tests on purified virus preparztions are used
extensively, however zlthoush these tests give an idea of concentration
of intzect infective units no information on the lecvel purity of the
virus preparation is gained. t is unfortunate that most comparative
viork on CLIV purification involves the use of infcciivity testis without
rezard to other techniques which reflect the purity of preparations.

£

A dilution end-poin’ infectivity of ca. 107> is frequently
reported for CLIV purified preparation procedures (Scott, 19633 Tormlinson
et aley 1973). In the current study z comparible dilution end-point of
infectivity tetween 10_5 and 10_6 was obtained for CV-D preparztions

assayed on C. ouinoa. ‘
(ii) Serology

CMV preparations were freqﬁently examined with gel double
diffusion tests using ‘'healthy' antiseraz to determine the level of F1
protein contamination (Hollinzs, 1968; van Regemnortel, 1964). Lo
'healthy' plant components could be detected in CIV-D purified preparat-
ions diluted 1/2 and tesied azainst ‘healthy' antisera. However strong
reactions with CKV-D preparations diluted as:far as 1/1000 were observod

against several CLIV antiscra.
(iii) Electron microscopy

Examination of CUIV purified preparations negatively stained
in the electron microscope enables determination of their quality, the
presence of contaminating F1 plant protein and the homogeneity of virus
particles (Forster, 1974; Hollings, 1968). CilV-D purified preparat-
ions were examined using the procedurs developed. Negatively stained
preparations resucpended in EDTA revealed good contrast and spreading
of intact virus particles with very little apparent contamination by

F‘1 protein.
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(iv) inalytical uliracentrifugation

In the analyticazl ultracentrifuge purified CLV preparations
reveal a characteristic single sedimenting peak, with z sedimentation
coefficient (S?D w) of ca. 985 (Gibbs & Harrison, 1970). The sedimsnt-
ation coefficien% of CLIV has been found to be independent of the buffer
the virus is suspended in, providing that the buffer does not cause
agsregation of the virus. & mariked concentrution dependence has been

found however (Francki et al., 1966), and is expres:ed by the equation.

320"“ = 98.6-1.0-"-:'-3

where C is the virus concentration (mg/ml).

Several preparations of ClV-D, each at a concentrztion of
about 4mz/ml, were examined by Schlieren optics in =n analytical
ultrzcentrifuge. It was found necessary to suspend CLIV-D preparations
in a buffer containing EITA, otherwise aggregation of the virus resulted
(Figure ; & 1 (See discussion on CHV-D purification). From three
analytical runs, at a speed of 23,150rpm using photographic plates
exposed at Smin intervals, sedimentation coefficients for CLIV-D were
calculated using

S = c‘c/dt x 1/'.'.':2

where w = speed in radians per second (2rr/60 rpm)
and dx/ﬁt ig determined as the slope from & graph
plotting the zctual distance the virus peak nizrates

against time intervels the migration was measured over.

4 single sedimenting virus pesk was observed (Figure 12)
during three analytical runs of CLV=D, A 'hezlthy! F1 plant protein
peak (SZO,w ca. 24S) was present on one occasion, as the CUV-D preparat-
ion had not been purified through a sucrose 'cushion'. The sedimentat-
ion coefficients calculated for these three CilV-D runs were 96, 99 and
94S (uncorrected for concentration). Averaging these three values and
upon correcting for concentration (Francki et al., 1966) the sedimentat-
ion coefficient for CLV-D was determined to be

S2O,w = 99 x ‘10_13 sec—1 or 995
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(v) UV spectrophotometry

The concentration of CMV and the level of contamination by
plant components can be determined by scanning virus preparations in
a UV spectrophotometer (Noordam, 1973). C.V concentration is
determined from the extinction coefficient I 0.1 = 5 from absorbance
at 260nm for 1cm light path, while the level of contaminaticn by plant
components in purified CIIV preparations can be determined from A
max/min and A 260/280 ratios, (Noordam, 1973). Typical values for 4
max/min and A 260/280 ratios for pure C.'V preparcticns are 1.40 and 1.65
respectively, while contaminated preparations have ratios above or below
these, depending upon the type of contaminating moterizl (Lot et al.,
1972). The importance of including 'healthy' preparations in virus
UV scans as controls is stressed by Demaire and Yummert (1969) as
preparations from heclthy tissue can give deceivingly virus-like UV

absorption spectra.

Dilutions from CI'V-D preparations were routinely scanned
between 200-350nm and virus concentration, A max/min and 4 260/280 values
were calculated. £11 dilutions were mide in distilled water to avoid
the increased levels of light scatteringz resulting wvith many buffer
solutions., Several pure preparations of CLV-C and 'healthy! (uninfect-
ed) tobacco, the source of most CUV purified preparations in this study,
were also scarmad. 4 swmary of the UV spectrophotometric data obtained

in this study along with reported CLIV values is presented in Table 3. |

The A max/min ratio range (1.34-1.44) obtained for purified
preparations of ClIV-D and ClV=C is in accordance with that reported by |
other workers (1.35-1.40), while the A 260/280 ratio range (1.75-2.00)
is higher than that reported (1.60-1.70). This does not necessarily
reflect more contamination by plant components, as the usual plant
contaminating material in virus preparations is proteinaceous. Accord-
ingly one would expect a lower A 260/280 ratio in 'dirty' preparations
as the protein absorption maxima occurs at 280mm. Exactly this point
was illustrated by healthy preparatioqs scanned in this study where low
A 260/280 ratios (1.38) were obtained. Vhether nucleic acid could
remain intact and significantly contaminate the virus preparation is
questionable, Later in this study some contamination of virus preparat-
ions by plant nucleic acid was detected, but its significance in relation
to the A 260/280 ratio is unknown.



TABLE 3. Summary of UV absorption spectrophotometric data for

purified CV.
Preparation L mest/min & 260/280 Qepert
V-1 1.22 = 1,60  1.75 = 2.00 this study
Cinl=1r% 137 1.44 175 1.87 L
CLiV-C* 1.34 1443 175 = 1.50 L
"Healthy' tobacco* 1617 1.38 "
et 1.30 = 1,40 1,60 = 1.70 Lot et als,; 1972
CLI* 135 1.40 1470 i
'Hezlthy' {raction ; 1.60 = 1.76 - "
CLIV="e 1.65 Tomlinson et al., 1973
Crv—ye 1,09 = 139 454 Froncki et al., 1906
ClIV=30% ‘ 1438 1.67 vun Regenmoriel, 1967
CLIV-Y* 1.43 169 Talzanani & Tonary,

i partially pure preparation;

jure preparation

# plant component contaminating fraction of CLV

preparztion.
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Partially pure preparations of ClIV=D revezled z wider range
for both A mex/min =nd 4 260/280 ratios on UV absorption scanning,

which is consistent with other reported results (Lot et al., 1972) .

Scans of 'hezlthy' prepurstions shoved virus-like absorpt-
icn spectra, tut A max/min end & 260/280 ratios were considerably
lower than those of CLIV preparations. It was obscrved that when
'healthy' preparations were diluted by Llhe same ocmount as virus
prepurations, the spectra obtained viere insignificant, at most an
absorbance of 0.1 compared to 1.0 for the game dilution of a virus

preparaticon,

1.8 PHYSICAL PROFERTINS OF FURIFIED VIRUS

Sedimentation coefficient

- A . o e -1 -1
A sedimentation coefficient cf "20,w = 99210 3 sec or

9931 was determined for ClUV=D frem three separate anulyticel centrifuge
runs., 4 photogreph revecling a single homogeneous pezk of cne of

these runs is shovn (Fi;urc 12). Purified prepurciions of two isolstes
of CliV=C were ulso cxemined in the analytical ultracentrifuge and sedimen-
tation coefficients of 100 and 9?31 were obtzined respectively. These
values are in accordance with those rejorted (9851) for QUV (Francii

et 2l., 1966).

UV absorption spectrun

Purified prepuruations of CMV-D gove the following UV
absorption spectral churscteristics; A max/min ca. 1.40 and A 260/250
ca. 1.0, Similar valueg were obtained with prepurations of CLIV-C.
The 4 max/min ratios obtained are consistent with thut reported for CiV
(1+35-1.40 Lot et al., 1972) while the 4 260/280 ratio for CLV-D and
CLIV-C are somewhat higher than that reported. (1.70, Lot et 21., 1972).
The latter discrepancy in A 260/280 ratio possibly indicates nucleic
acid contamination. An zlternative explanation is that these wvalues
are simply a reflection of the system used in this study, therefore
critical comparison with results obtained in different systems is not
strictly valid. TFor this reason in comparisons of UV absorption
spectrum data trends were looked for rather than absolute differences.

1.9 CHEMICAL COLIFOSITION

SDS Polyacrylamide gel electrophoresis of isolated viral RNA
Extracted RNA from CLIV-D purified preparations was electro—

phoresed in polyacrylamide-agarose gels to determine the number of RIA

corrected to infinite dilution or zero ClIV concentration.
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species and their respective molecular weights. At the same time
comparison with ClIV=C isclzate A (representative of daphne common CHV)
was conducted to see if differences in molecular weight between

correspondin: REA species of CLIV=D and CIV-C could be detected.

The RUA of CLV constitutes cz. 18, of the porticle weight,
it an average content per particle of “bout 1.‘{106 daltons. Poor
separaticn of CUIV RNA componentis has besen acheived Ly sedimentation
analysis (Diener et al., 1964; Kaper et al., 1965; lay et al., 1969).
However four major RUA sypccies have becn resolved Ly polyacrylamide
zel electrophoresis of Ci'V RNA preparations (Helson, 1970 and Kaper &
Yest, 1972) with a pattern similar to that shown by LNA isolated from
members of the bromovirus group (Bancroft, 19713 Hull, 19723 Lane &
Kaesburs, 1971). Scparation of the four mojor components of CUIV REA
and subseguent recombination hzs demonstrzied that only the three
largest RMA's (1 +2+43) arc required for infectivity (Lot et al., 1974).
However, translatiocn in a wheat embryo cell frece system of fractionated
CLIV RNA resulted in rumerous products Irom LUA's (1+2), the coat protein
and two minor products from RAA 3 and the coat protein as a single
product frem REA 4 (Schwinghemer & Symons, 1975). Several other viruses
possess co-virus characteristics (multipartite genome) including alfalfa
mosaic, cowpea mosaic, tobacco rattle, tobacco sireak viruses (Jaspars,
1974) bromoviruses (Hull, 1972) @nd another cucumovirus, tomato aspermy

virus (Habili & Frenclii, 1974).

The separa.ion of RNA species in ccrylamide gels is dependent
upon the RNA species size (moleculazr weizht), the desree of crosslink-
ing within the zerylamide matrix (determined by the zcrylamide: bis con-
centration) and the period electrophoresed at a stundard current (Loe-
ning, 1967). Some dependence on the RIA secondary structure (conform-
ation) is also predicted. However with CIV RNA it was demonstrated
usins the formamide system of Staynov (1972) that such dependence was

nsignificant (Peden & Symons, 1973).

|

The determination and comparison of molecular weights of RIA
species from ClIV-D and C'V-C wz=s carried out using 2.0ﬁ acrylamide gels
electrophoresed along with RNA standaris for 90min. Gels of 2.0%
acrylamide were chosen after poor separation of CV RNA species was
obtained in 2.4% gels. The period of 90min electrophoresis was
chosen because the migration of the four major RNA components were
maintained within the top half of gels in this period. Hence the 43
RNA standard would not be electrophoresed off the end of a gel.
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Several RNA standards were included in each polyacrylamide
gel experiment: rat liver ribosomal RlA's (28 & 188); rat liver
transfer RNA (t RWA), (45); and D. coli ribosomal RNA's (23 & 168S).
After electrophoresis the gels were scanned at 260nm, measurements of
the migration of each RN: peak were talten from the scan trace, and a
standard curve was plotted from the migration of the RNA standards
(Log molecular weirht [14 versus migration cm) (Pigure 13). The
molecular weight of each CIIV RNA peak/species was determined from the

standard curve (Figure 13).

Lxtracted RUA from CLV-D and CLV-C revealed the separation
of four major RNA peaks (RNA species) within the acrylamide gels
(Figure 14). The results of several experiments are summarized along
with reported CUV RNA values in Table 4. The RNA peaks/species are
numbered as in Figure 14 i.e. the largest molecular weight RNA or

slowest migrating is labelled number 1.

Several smaller molecular weight species of RNA were also
present (0.06 and 0.11 % 10° daltons). Peden and Symons (1973)
attributed these small RYA's to brealkdown products or pieces of the

o

larger RIA species.

The results obtained show good correlation with those report-
ed for C'V (Peden & Symons, 1973). No difference is detected between
the RITA'z of the two different daphne ClV's compared. These results
indicate that the distinetive host range and serologiczl differences
between CIV-D and Cl'V-C are not significant enouch to be reflected in

easily detectable different genome sizes.




TABLE 4. Molecular weights of ClIV RIVA species determined by SDS polyacrylamide gel electrophoresis

averzze mol. wte 10" one)
A pais number of

experiment preparation 1 2 3 4 determinations

1 CMV-D RNA 1.45 1.05 0.88 0.46 2

2 " 1435 1.20 0.78 0.30 1

3 % 1.38 1421 0.76 0.33 2

4 " 1.30 1.10 0.79 0.42 3

1 CI'V-C RNA 1.45 1.15 0.87 0.46 2

2 " 1435 1415 G 0.30

3 p 1.36 1.18 0.75 0.30 2

4 " 1430 Te14 0.80 0.43 3
Report
Habili &
Francki (1974) CLIV-Q RNA 1.26 1410 0.77 0.34 g
Kaper &-
West (1972) Cl7V—S RNA 1.07 0.95 0.69 0.33 e
Peden &
Symons (1973) CIV-0 RNA 1.30 113 0.78 0.34 =

137
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Standard curve for noclecular weight
determination of CLIV RITA species by
polyacrylamide gel electrophoresis.
(283, 185 = rot liver r RNAs; 45 =

t RWA; 235, 165 = B. coli r RNAs -
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rat liver
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os standards; see text) (numbers 1-4 = CUV

RITA species; see Migure 14).
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TICURE 14, Densitogram showing four CIIV-D RITA
species, separated by polyacrylamide
gel elecirophoresis. RNA species (1-4)

nunbered in order of decreasinz molecular

weizht, Gels scanned at 265an in a

Joyce-Loebl Chromoscan,
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1.10 IIOTUNOLOGY

The poor immunogenicity of CI'V is well known (Francki ei al.,
19663 Scott, 1968) 2nd has been attributed to the instability of the
virus. ClV is readily degraded by salt solutions (Kaper et al., 19653
Francki et al., 1966) pancreatic ribonuclease (Francki, 1968; Kaper &
Geelen, 1971), and neutral PT4 (Prancki et zl., 1966). Enhanced
immunogenicity of CMV has been observed with stabilization of the virus
capsid with formzldehyde (Franclki & Habili, 1972). Hollings and S*one
(1962) likewise observed enhanced antibody response with formaldehyde—
treated plant virus antigens although Scott (1968) failed to achieve
such an effect with CU'V-Y,

The effect of formaldehyde on proteins involves the formation
of methylol groups on free amino groups, with probable further conden-
sation of other functional groups (Kabat & layer, 1961). With CUV
the overall effect is a probzble cross-linking of reactive sites between

adjacent subunits, makinge the virus capsid more stzble.

Antisera to CUV-D and CUV-C (isolate A) were prepared using
the procedure descrilbed earlier, including both fixed (0.5% formal-
dehyde) and unfixed virus preparations in the injection series.
Formaldehyde fixed virus preparations were included with the aim of |
increasing the immunozgenicity of CIV. However it is probable that the
increased stability observed with resuspension of OV in EDTA buffers
(pagze 20) may result in increased immunogenicity of IV without

formaldelyde.

The titre of both CMV antisera (anti CMV-D, anti CLIV-C) were
deternined as 1/512 using the microprecipitin procedure (Noordam 1973),
while a suitable dilution of these antisera for gel diffusion was

found to be 1/8.
1.11 SERCLOGY

Certain problems often become manifest with serology involv-
ing CiIV: frequently only low titre antisera are available because of
the poor immunogenicity of this virus (Francki et al., 1966); many of
these antisera react with broad specificity, having been made to antigen
mixtures (Mink et al., 1975); and in serological tests it is ﬁot
uncommon to have problems with CTV non specific precipitation (Gibbs &
Harrison, 1970). Tomlinson et al., (1973) avoided some of these
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problems using an EDPA buffer (50ml K2HEO4 + 5oM EDTA pH 7.8) for CHMV

serology, encountering no non specific precipitation problems.

The source of virus antigen can markedly affect serological
systems, as agglutinating compounds call lectins occur in many plants
(Lis & Sharon, 1973) and meny antisera are contaminated with anti-
bodies to 'healthy' plant components (van Regermortel, 1966). The
most frequent contaminent in antisera is claimed to be antibodies to
fraction 1 (F1) 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.  Heulthy
plant sap is frequently included in serological tests as a control.
However the concentration of plant antizens in sap from diseased and
healthy plants may differ significantly, higher levels of F1 protein
have been found in plants infected with grapevine fanleaf virus
(Martelli & Hewitt, 1963) than uninfecied plants. Because of this
Wietter, (1965) recommends the inclusion of sap from a plant infected
with another unrelated virus, as a control. Van Regermortel (1966)
warned that this practise may not however be entirely adequate as
metabolic variations with different virus-host combinations have been
observed. The use of antihost or 'healthy' antisera is widely used to
ascertain whether virus antigen preparations are contaminated by plant
antigens (van Regenmortel, 1966), providing an excellent control in

serological systems.

Serological relationships between members of the cucumovirus
group have been recorded (Lawson, 1967; IMink, 1969) but Mink (1975)
considers these relationships are a result of antisera containing
antibody mixtures, resulting from the use of mixed virus isolates as
entigens. Using 'narrow spectrum' ascites fluid, prepared against
single virus isolates, Mink (1975) observed no serological reactions

between cucumovirus group members,

In this study dilutions of ClV purified preparations were
used as antigens, heazlthy antisera, healthy sap and sap from plants
infected with an unrelated virus were routinely included in serological
tests as controls, The identity of ClV-D was confirmed by serological

reactions to several CLV antisera in gel diffusion tests.

Comparisons between CHV-D and CMV-C (daphne common CLV)
isolates were conducted using the two homologous and several other CIV
antisera in gel double diffusion tests. CMV-D antiserum reacted against
all isolates of CMV-C (a, b, c¢) and the homologous CEV~D without spur
formation (Figure 15.1). However reciprocal tests using CllV-C antiserum
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resulted in spur formation (Figure 15.2) and indicate CLV-C possess
antigenic determinants lacking in CIIV-D, Three further CIV antisera
(common strain CMV, Holland; nandina ClIV, this luboratory; CMV,
University California Davis) also produced similar precipitin reactions
to those obtained zgainst ClIV-C and CLIV-D antigens in adjacent wells
(Figure 16.1). Rearrangement of the antigen wells, revealed that the

CLV-C isolates were serolozically equivalent (Pirure 16.2).

The most freguent reactions in pel diffusion tests were bands
curved around the antigen wells, indieating the serological reaction
was between whole virus and antibodies (Scott, 1968). The buffer used
in gel diffusion serologiczl tests contained 5mll EDTA, hence CLIV was
stabilized and reactions between virus coat subunits and antibodies did

not usually occur,

No serological precipitin re..ctions were observed between
CLV-D antigens and antiserz to peanut stunt and tomuto aspermy viruses.
Also CLiV=D and CI'V-C aniisera did not react againct tomato aspermy
virus (a chrysanthemum isolate). This indiecutes that CLIV-D and CLV-C
antisera were of 'narrow spectrum' type (Mink, 1975) i.e. were not

produced by immunization with antigen miztures.
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1.12 DISCUSSION

In all but two characteristics found in this study CLIV=D
exhibits properties conforming with CilV-C, which in turn poszesses
properties in general accord with other isolates of TV, The two
exceptionzl characteristics of CHV-D are its abiliity to systemically
infect several hosts, which most CLIV isolates do not and a serologically

distinet capsid lacking some antigenic determinznis.

Habili and Franciki (1974b) used a virus *hybrid' comprising
CLIV coat protein and TAV KA to demonstrate that the ability of TAV to
systemically infect several hosts (which CLV could not) is a genome
function and is independent of the virus capsid. It would therefore
be expected that the capability of CLV=D to infect several hosts
systemically, is likewise a genome functicn i.e. ClIV=D should have
differences in its genome compared to CI7-C and other &IV isolates.
In this study no such differences were detected in genome size of
corresponding RITA species of ClV=D and CIV=C, reflecting that any
differences, if they occur, are small or zre sequential within the
nucleotides. In contrast differences in molecular weight of corres-
ponding RNA species have been detected between LIV and TAV (Habili &
Prencki, 1974 a)., The simpler serologizal capsid or coazt proteins of
ClIV=D are also likely to be reflected in minor genome differences.
Cnly zbout one fifth of the virus gzepome in smzll VA viruses is
represented in the virus capsid and as only about one tenth of the virus
capsid is exposed antigenically, it would appeur serological tests
involve expression of only ca. 2% of the virus genome (Fenner et al.,
1974). Hence serclogical differences between viruses are likely to

be reflected in even less of the virus genome.

As only two characteristic diffTerences were detected with
CLV-D after comprehensive characterisation and comparison with CLV-C,
it is quite possible thut these two characteristics may in some way
be related. Such a relationship could be explained if the two
characters occurred on the same RITA species.  Schwinghamer and Symons
(1975) demonstrated by trunslation of fractionated CLIV RNA species that
the coat protein and two other products (Uol. wte. cae. 27,000) were
yielded from RIA 3, while RNA 4 only yielded the coat protein. CLV-D
coat differences should therefore be coded on RVA 3 and perhaps the

different systemic infection abilities are also coded on this RIA species.
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Al though this latter point is only speculative, a situation
similar to this has been found with cowpea chlorotic mottle virus
(corv) by Bancroft et al., (1972) . ith a temperature sensitive
mutant and wild type isolates of CCLV functions have been assigned to
different RNA species. CClV is a menmber of the bromovirus group having
4 RITA species and therefore resembles cucumoviruses GV and TAV. The
coat proteins of CCLIV and its zbility to systemically infect severzl
hosts were found coded for on RWA 3 (Bancroft et al., 1972).

ClIV-D has been considered a specific virus strain of CUV
beczuse of characteristic differences observed when compared to common
CUV isolates. It is unfortunate however that many isolates of CUV
have been desimated 'strain', without differentiation as such; these
isolates should in fact be merely labelled as 'isolutes'. * The term
'strain' in virology is probably misleading in other respects because
single infectious units are not used as in bacteriology but rather

populations which must contain levels of heterogeneity.
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CHAPTER 2

CHARACTERISATION OF DAFHNE
CARITATION MOTTLE VIRUS

An isometric virus, tentatively designated daphne isometric
virus-3 (DIV-3) by Forster and Milne, (1975), was isolated from Daphne
x Burkwoodii Turrill® 'Variegata'.  Further isolates of this virus

were obtained in this laboratory from Daphne odora Thunb. 'Rubra' by

K.S. Milne, Several isolates from both Daphne species were selected
in this study and following detailed characterisation DIV-3 was identi-
fied as carnation mottle virus. DIV-3 hereafter designated daphne-
carnation mottle virus (D—Carﬂv)1 could not be distinguished from
carnation isolates of CarllV, The stability of Carl’V and its ability
to be transmitted mechanically on hands, recuired comprehensive proof

of isolation from daphne and this is provided in the following studes,

CarilV (R/1 : 1.3/20 : S/S : S/*) has been tentatively
included in the tombusvirus group (Harrison & Lurant, 1970-74) which
comprises turnip crinkle virus (TCV), tomato bushy stunt virus (TBSV,
including; artichoke mottled crinkle, carnation Italian ringspot,
pelargonium lexsf curl :nd petuniaz asteroid mosazic strains) and tentative-
ly CarllV, carnation ringspot virus (CarRV) and pelargonium flower—break
virus (PFBV). Viruses in the tombusvirus group pessess many common
characteristics, but most notably have a single sedimenting virus
component containing a single Rlla species of about 1.5 million daltons;

they are however not serologicclly related.

CarllV is an icosahedral virus ca. 28nm with a sedimentation
coefficient ca. 1225 (Hollings & Stone, 1970) containing 20% RNA of one
molecular weight species (1.3 million daltons - Kaper & Waterworth,
1913) .

Nucleotide base ratios of the CarllV genome zcre: guanine 27:
adenine 30: cytosing 19: uracil 24 (Tremaine, 1970). The virion
coat consists of ca. 240 subunits of molecular weight 26,200 each with

1 prefix D (daphne) is used because this virus is only an isolate
of CarllV and not a distinctive strain.
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ca. 243 amino acid residues (Tremaine, 1970) « Thysical properties
of CarlfV in crude sap include DEP of 1072, TIP of 90C and LIV of
several months (Hollings & Stone, 1970). Transmission of CaxlV by
vectors, seed or dodder has not been found although the virus is
readily mechaniczlly transmitted by sap inoculation and on hands
(Hollings & Stone, 1970).

CaxllV was first recorded by H:ssanis (1955) in carnation,
and subsequently the virus has only been found nuturally infeeting thi..
host, Infection of carnztion by CarliV is very widespread, many

cormercizl cultivars being wholly infecied (Hollinss & Stone, 1964).

2.1 LIATEITSLS AID LETHODS

With the folloviing additions the matericls and methods used

with D-CariV zre the same zs outlined under section 1.1.

Electron microscopy of sectioned materiazl

Ultrathin sections were prepured as follows: infected pluant
tissue was cut into 1xdom strips and vaecuum infiltrated in a cold
cldehyde fixative (Harnovsky, 1965) (34 Zluteraldehyde, 2% formzlde-
hyce in 0.1l Haz/KEO4 buffer pH 7.2). These tiscsue pieces were washed
in (0.1u H:E/K‘Oﬁ, vl 7.2) buffer for 5-15min, =nd postfixed for 3-5h
at 4C in 1% osmium tetroride in buffer, washed ond dehydrated in a
grzded ethanol series (25, 50, 75, 90 and 100%) and subsequently placed
in two changes of propylene oxide. ‘Tissue was then {fransferred
throusgh an ascendin: series of epoxy resin concentrations in propylene
oxide (dzscending concentration) and finally embedded in 100 resin
in gelatine capsules and cured for 2-3 days at 60C. Ultrathin sect-
ions were cut with an LB ultratome and picked up on 200-mesh copper
grids. They were then stained in saturated -uranyl acetate in 505
ethanol for 3min, washed in 50% ethanol 30 seconds, then in distillad
water and stained with lead citrate (Venable & Coggeshall, 1965) for
S5-fmin. Stained sections were thoroughly woshed with distilled water
and observed in the electron microscope.

Immunoel ectrophoreses

Immunoelectrophoresis (Hollings & Stone, 1975) was conducted
using microscope slides coated with a 1.5mm layer of 0.9% agar in one
of the serological buffers HSB or TSB of, Hollinss and Stone, (1975)
Tomlinson et al., (1973). Two origin wells were punched on each slide
with an LKBR gel punch. 'ells were filled with virel antigens and

slides placed in an immncelectrophoresis tank. The ends of each slide
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were connected by paper wicks to buffer channels through vhich platinum
wire ran to opposing terminals. Buffer channels were filled with the
szme buffer as used in the medium coating the slides. Eleetrophoresis
was carried out at 4C for periods of 1, 2, 3 and 4h using a constant
voltaze supply (Hewlett ’ack;rdﬂ) of 80V giving ca. 16V across each

agar coated slide.

After electrophoresis a centrzl sirip of azar was cut and
remnoved from between the two wells and the appropriate antiserum was
placed in it. This was incubated for 24h at 25C in a2 humid chanber
and subsequently examined for precipitin lines. The migration of

anticens were recorded Tollowing Hollin's and Stone, (1975).

2.2 TROOF CPF ISOLATION TR20L DiFHNE

£,

The unigueness and implications arising from finding CerllV
in daphne are such that queries of doubis moy arise. Conseguently

.

further experimentation with D-CarllV was recuired to prove its origin.
D-CarllV was consistently isol:ted by several different
worlters in this laboratory from different Daphne cultivars: P.R. Dennetd,

D. odora 'Leucanthe', R.L. Forster, D. X huriwoodii 'Veriegata'; K.S.

¥ilne, D. odora 'Rubra'; and the author D. X burlmioodii 'Variegzata'

and D. odovu 'Rubra'.

Althouzsh initicl inoculations of macerated daphne flower or
leaf tissue to C. guinoa did not always produce gyaptoms, invariably
back inoculation tests to further C. gquinoz did reveal infection by
D-CarllV. Direct inoculations to C. ocuinoa from daphne tissue produced
either a few large 3-5mm local chlorotic spots or synptomless infection.
Particular care was tcken to ensure the detection of D=CarllV infection

was not caused accidentally by contamination.

The repetitive isolation of D=-CarllV from daphne after special
precautions involving doutle zutoclaving of zll inoculation instruments
and media, the use of isolated glasshouse space and extra care when
inoculating, indicates that the virus came from daphne., Furthermore,
no problems of CsrllV contamination occurred while three workers in this

laboratory experimented with at least 10 other viruses.

An experiment wcs conducted to demonstrate the presence of
D-CarllV in daphne. Leaf and flower tissue was harvested separately

from D. burkwcodii 'Variezzta'., TFlower tissue was largely obtained
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from z New Flymouth mursery and leaf tissue from home gardens.. The
material from the two harvests was used to purify any viruses present,

following a procedure similzr to that used for CUV-D.

The purified preparabions were nezatively stained with AN
and exanined in the electron microscope, and in preparations from both
leaf and flower tissuz smoll isometric ond rod shapncd particles were
cbserved. The rod virus w:s apparently daphne virmis-5 (Forster &
Milne, 1975), while the identity of the sphere could not be rezolved
hy electron microscopy. Only 5=10 particles were observed in each
droplet imp;cted on the electron microscope grid, there being probably
30 or 40 droplets on the srid. In gel diffusion tests specific serolo:=
ieal reactions were observed against D-CarlV and CarllV (VPRI) antiser:z,
while no reactions were observed against 'healthy' antiserum., Frevarat—
ions were also inoculated to C. quinoa where they produced characteristiic
CarllV symptons. Sap from these plants gave a positive reaction against
CarllV aniiserum.

The confirmed presence of Carlly in these presarations along
with the consistency of isolation is presented as proof of isolation of

Carity from {l“uhno.

Similar difriculties have been reported which revealed sub-
liminal infections of tomato mosaic virus (TLIV) in a number of hosts
includinz: apple (Cilmer & Wilks, 1967; Kirkpuirick & Linder, 1964),
cotton (Cheo, 1970), tulip (Yokra et'al., 1973) and white ash (FNana &

Agrios, 1974). Althoush a different virus TNV is similar

ck

o CaxltV in
a number of aspects, particularly stability, ftransmission by handling

and lzck of mown arthropod, nematode or fungal vectors.

CarllV infected carnation usually contains a high concentrat-—
ion of wvirions, apparent on electron microscopic examination, and dilut-
ion end-point infectivity tests. However low levels of CarlV have been
found in heat treated carnztions (Holllnvs & Stone, 1964) and have been
called ‘azttenuated' CarlV. Poupet et al., (1972) observed similar low
levels of apparently 'attenuated' CarlfV, but these carnations had not
been subjected to heat trectment. The infections were not detectable
serologically and isolation was only achieved after several serial back
inoculations to C. quinoa from the primary host. Characteristics

1 Duncan and Davies Ltd.
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similar to those of 'attenuated' CarllV were observed with D-CarllV

in daphne.

2.3 TRANSHISSION FROM DAYHNE

Experiments were conducted to improve the transmission of
Carl’V from daphne. Several primary inoculation hosts were tried

: s o 1 s :
but C. oguinoz, C., cuinca Variant and 5. vaccaria were found to be

most reliable, with 5. vaccaria beinz apparently the most sensitive to
infection althouzh displeying less distinctive symptons. In one
experinent a whole range of udditives to the 0,011 E-X, phosphate, pH
7.0 buffer were tested. Jeverzl batches of daphne flower tissue were
used =s inoculum and assayed on C. guinca. The following additives
were tested separately and in several coubinations: 0.5 bentonite,
1% caffeine, 0,01l Dieca, 1wl EDPA, 1% mercaptoethanol, 1% nicotine,
10} phenol, 15 PEG, 1/ polyvinyl pyrollidone, 0.1 TCA. Only inoculuws
in the bentonite - phosphate buffer produced chlorotic local lesions
directly on the primary inoculation host (C. cuinoz). The other
cdditives and combinations allowed transmission to the primary host
but the symptomless infections had to be verified by transmission to a

further C. guinoa.

Daphne flower tissue or young leal tissue was preferred to
older leaf tissue for isolating D-CarllV, Direct inoculation using cut

daphne leaf surfaces and rubbing them on C. guinoz lezves did not resuli

in any symptoms, although back inoculation tests again revealed the

presence of D=CarllV. The transmission difficulties with D-CarliV from
daphne further illustirate the low infection levels present and emphas-
ises the care that must be taken when indexing plants for ‘high-health'

programmes.

2.4 HOST RANGE

Two isolates of D-CarliV, from D, odora 'Rubra' and D. x burkwoodii

'"Variegata' respectively, were inoculated to species from 18 fanilies,.

Inoculum comprised D-CarliV infected leaves of C. gquinoa, N. clevelandii,

or G, elegans macerated in Yarwood's solution plus celite. Both isolates
produced very similar host reactions excepting that D. odora 'Rubra'
isolate produced somewhct more severe sympioms compared to D, x burlkwoodii

sensitive strain selected on basis of leaf shape.
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"Wariegata' isolate.

ATZCACEAD

Tetragonia tetra-onoides: 1loczl chlorotic blotches oeccass—

ionally ncerotic local lesicns; systemic mottling,

LYTA T LT APYOAT
shiafriLnly R N

Amarenthus coudatus:  'Love Liss Eleedin:': symptomless local

infection.

Gomvhrena globose 'Little Buddy': local chlorotic blotches;

no sy=tenic inlection detected.

AXFITPAT L ATAT
(VI BRI oS 8L e Pl Ty

Lotelia erinus L.: symptomless loczl and systemic infeclicn,

readily recovered on back inoculzation to C. guinoz.
CARYOPHYLLACZAR

Dianthus barbatus. 'Indian Carpet's infrequent local sympton—

less infection.

Dianthus chinensis. 'Bravo': local veinal chlorosis; systemic

4

infection symptomlessz. Virus rezdily recovercd on boek inoculsation to

Ce nuinoz,

Crpsophils elerans: local znd systemic veinal chlorosis, hi h

virus concentraetion recoverzble,

Savonaria vacecaria. 'Tink Beauty': local and systemic veinal

chlorosis and leaf curlin~, hizh virus concentrution recoverable,
CHENC:-ODIACEAR

Chenopodium amaranticolor: 1mm local chlorotic lesions (5 deys)s

noe systemic infection.

Chenopodium gquinoa: 1mm chlorotic loczl lesions (4 days);
systemic chlorotic flecks und blotches (14 days) with stunting and leaf
curling (Figure 17).

Spinacia olerzcea 'Royal Denmark': local chlorotic mosaic;

symptomless systemic inflection.

COMFOSITAL

Calendula officinalis: symptomless local and systemic

infection.
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Callistephus chinensis (aster): locul symptomless infection;

systemic mottle.

Helianthus annus (Sunflower): symptomless local and systemic

infection.

Loctuca sativa '"Calmar's symptomless locel and systemic

infection.

Zinnia elerans 'Cactus Flowercd': loczl and systemic mottling.

CUCURBITACEAE

Cucumis sativus 'Harketer' and 'Polaris': local chlorosis;

systemic blotches and veinal chlorosis.

Cucurbite pepo 'Small Sugar': loczl chlorotic blotchess
(=] 3

systemic mottling,

Momordica bazlsamina: symptomless local and systemic infection.

LABIATAE

Ocimum basilicum: symptomless loczl and systemic infection.

LEGULLTNOSAT

Cassia occidentulis L.: few local necrotic lesions or symptom—

less infection; systemic mottle, chlorotic flecl: and occasionally

necrotic line patterns.

Dolichos bifloruss few local 1mm chocolate colored lesions;

symptomless systemic infection.

Phaseolus vulparis 'Top Crop': local chlorotic mottles;

systemic chlorotic and necrotic fleckinz or symptomless infection.

Pisum sativum 'Greenfeast': local and systemic mottling or

symptomless infection,

Vicia faba 'Coles Early Dwarf': 1mm chocolate local lesions;

systemic mottle and margin necrosis,

Visma unguiculats subsp. gylindrica: 1mm chocolate colored

local lesions (4 days) or symptomless local infection; systemic infect—
ion symptomless.,

Vigna unguiculata subspe. unguiculata: 1-2mm chlorotic local
lesions later necrotic; systemic veinal chlorosis or symptomless infect-

ione.
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SCROFPHURLARTACELE

Dizitalis purpurea L. (foxglove): symptomless local and

systenic infecticn.
SOLAITACEAD

Datura stramonium: local chlorosis; systenic mottle or

symptomless infection.

Lyconersicon esculentum '"lloncy llzker' loczl chlorotic blotch-

es; systemic chlorotic flecking,

Micotiana clevelandiis irresular chlorotic local lesions,

darz brown on aging; systemic veinal chlorosis zond mottle.

Hicotiana debneyi: locel and systemic symptomless infection,

Wicotiana slutinosa: loezl chlorosis; systemic infection

detectable, symptomless,

Nicotiana glutinosa x Nicotianz clevelandii: faint chlorotic

loc:il lesionsy systemic mottle,

Nicotizsna rustica: local chlorosisg asystemic chlorotic

blotches or sympiomless infection.

N¥icotiana tubacum 'Havana', 'Jamsun', 'White Burley': Ifuint

loc:]l chlorotic bloiches or symptomless local infectiony systemic

infection symptomless, just detectable on back inoculation to C. guinc:.

Petunia hybride 'Rose of Heaven': chlorotic loecal lesions;

systemic mild mottle and chlorotic flecking or cymptomless infection.

Physzlis franchetii: loczl end systemic symptomless infection.,

TROPAZOLACEAT

Propacolum majus L. (nasturtium): local veinzl necrosis;

gystemic mottle and chlorotic fleck,

VERBENACEAE

3

Verbena hybrida Voss.: Loczl and systemic necrotic fleck and

leaf curling,

Infection of the following hosts were not detected:

Antirrhinum majus, Apium craveolens, Arzbis sp., Brassica oleraceue

var botrytis or var capitata, Brassice pekinensis, FPrimula malacoides,

Tithonia speciose, Torenic fournieri and Vinca rosea.
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These results reveal D-CarllV has the ability to infect a
diverse range of plants, although many cre only infected locally.
Back inoculations to C. gquincs demonstrated very low levels of D-Car
LIV in meny of the gystemically infected hosts, but particularly those

in the compositae, cucurbitzceae, leguminosze znd solanacene,

The host range of I-CarllV appewrs more extensive than that

of CarllV but the dizgnostic species for CarllV - Chenopodium amaranti-

color, Chenopodium gduinoz, Diaznthus chinensis, Gomplirena globosa,

Hicotiana clevelandii and Tetrzoonia tetragonoides — all reacted to

D=CarlV in accordance with reporis on CarllV (Hollins & Stone, 1964;
Kowalska, 1972; 3mith, 1572).

Because CzrllV c¢:.n be readily transmitted by handling inflect-
ed plant materizl, particular care wus taken with D=CarliV to ensure
contaminztion did not occur with infection-verificution tests i.e.

back inoculations to C. quinca.

) The back inoculution tests to €. cuinoca fraquently rcsulted
in o few (3-10) chloretic locul lesicns hence further back inoculations
were m.de from the primary C. quinog to verify CorllV infection. Poupet
et al., (1972) observed 2 similar situstion with an wpparent 'attenuated!
strain of CarllV, but low levels of virus infection in primary inoculated

. quinon, N. tabacum 'Samsun', 'Xanthi', . glutinosa and Saponaria

vagearia were difficult to detect. Infections could only be verified
by buck inoculztion to €. quinoa beczuse of lzck of symptoms and the

unrelisbility of seroloziczl tests.

2.5 VECTOR TRANSHISSICH

HNo aphid transmission of D-CarllV was achieved in three experi-

ments, two using li, persicae, and one ll., euphorbize, Aphids were

allowed to probe for 20 seconds on detached S. oleracea (spinach) and

transferred to, two plants each of C. quinoa, Gypsophila elegans,

Saponaria vaccariz and S. olerccea (10 aphids/plant). 411 plants were

back inoculated to C. cquinoa after 2 and 4 weeks. The back inoculation

tests were 2ll negutive, indicazting no aphid transmission.

These results zre consistent with that reported for CarliV, no

natural vector having been reported (Hollings & Stone, 1970) .

2.6 PHYSICAL PROT RTIES Il CRUDE SAFP

The TIP of D-CarilV in crude sap, determined from infected
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C., aquinoa leaves ussayed on 0, cuinoa, was 90-95C. A IEP of ca. ‘IO-6

was obtained from both locally infected C. quinoz and Saponaria vaccaricz

assayed on C. quinoa. In carnation, CarllV has a reported TIP of 9CC
and DEP of 1672 (Hollings & Stone, 1970).

2,7 IFLECTRON LTCROSCCFY

lesative staining

In D-CarMV infected daphne leaf or flower tissue, isomeiric
particles were extremely difficult to resolve with the electron micro-
scope. Eeczuse of the extiremely hetercgeneous nature of such nezative-
ly stained squash homogenates. However D=CarllV infeeted C. quinoaz,

G. elegans, S5, vaccaria and N, clevelandii tissue, when similarly pre-

pared and viewed in the electron microscope, revezled numerous isometric
particles frequently in closely zssocizted arrays (Pisures 18 & 19). The
hish concentrations of virus pzrticles in negatively stained infecte
tissue is quite characteristic for CarliV (Robleda, 1973) =znd other Torlus—

virus group members (Martelli et al., 1971).

Virus particles were stable in I'TA stoins with a pH rance
from 4 to 7 and in AY pH5.3, but the nezctive stain mixture AL-PT: (1:1)
was preferred because of the combinztion of good virus contrast and
particle dispersion provided. Purified preparstions of CarllV revezled
high concentrztions of isometric particles, where A alone was used w:
a negative stain because of the satisfactory results obtained.

D-CarllV isometric pzrticles had an averaze diameter of ca. 30nm
(50 particles). The reported particle nize for CarlV is ca. 28mm
(Hollings & Stone, 1970).

Ultrathin sections
Ultrathin sections of both locally and systemically D-CarlV

infected C. quinoa tissue was examined with the clectron nmicroscope.

The cytoplasm of infected cells contained a zreat many virus particles
randomly distributed around cell organelles; chloroplasts and mito-
chondria. The tonoplast was frequently broken and numerous virus part-
icles could be detected in the vacuole (FMigure 20a), Vesicles contain-
ing virus particles bulging into the vacuole throush the tonoplast were
observed (Figure 21z) and detached vesicular sace containing virions
could be found free within the vacuole (™eure 21b)., Larger protrusions
containing arrays of virus particles were also obssrved (Figure 20b).
Similar effects were scen in sectioned D-CarllV infected N. clevelandii

and S. vaecaria.
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Verificztion that the isomelric particles observed in thin
gsections were virus particles was obtained by their size (ca. 29rm),
and zimilarity to particles reported in metericl infected with other
isometric viruses (De “octen & Gaard, 19693 liartelli & Russo, 19723
Rubio-Huertos & Carcic Hidalgo, 1971) :nd the rlisence of such particles”
in heglthy C. quinoz tissue. Virions were also readily differentiated
from cellular ribosomes by the size and uniformity ol staining
(Figure EOu).

Similar resuwlis for CarllV huve been reroxied by Ilobleds,
(1973) who found numerous particles in the cyiorplasm, vacuole and with-
in nuclei of vascular tissue ing Atrivlex hortensi L., Chencovodium spue

=
and Disnthus spp. Dennett, (1956) and Uchneider and Worley, (1959)

sugrest the presence of virus particles in the vascular tissue indicates
long distance translation of small isometric viruses is achieved throush

vascular tissues.

The presence of vesicles contcining virus perticles at the
tonojlast hus been reported Tor tomate bushy stunt viruses (Russo et lay
1969; llusso & Vartelli, 1972). The function of these vesicles has
been rronosed as mecﬁanisms for virug disposal beyond the membranc sycles
of the cell, (Russo et al., 1968). "hen advance stases of infection
are reached +the virus particles tend to ccecupy 211 the available spuce
in the cell and this 'pressure' created possibly results in the cell

disposing of wvirions by vesicular egression into the vacuole.

It is unlikely that the observed vacuolar localization of Car-~
IV iz an artifact resuliing from tonoplest danicg e because of the discovery
of whole vesicles in the vacuole containing virons. IFurthemmore, the
virus particles were not Jjusi randomly scattered and the tonoplast was

still intaet in most cuses.

.

Witk tomato bushy stunt virus, particles are frequently found
acoumuleted in the cell nuclei (Russo & Hartelli, 1972) an effect
observed by Robledz (1973) for CardiV, Some purticles of D=CarllV were
observed associated with cell nuclei within the nuclear membrane.
Members of the tombusvirus group in which CaxllV is tentatively included,
appear to display gimilar eZfects on plant ultrastructure and virus

localization,
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2.8 PURIFICATION

The high levels of CarllV infection observed in several hosts
and the viruses relative stability (Hollings & Stone, 1970) enable the

purification and concentration of large amounts of virus quite readily.
A procedure similar to the schedule of Hollings and Stone,
(1962) vas used to purify D-CarllV, Ten to 15 old CarllV infected

(locsl & systemic) C. cuinoa or N. clevelandii leaves were harvested

and homogenized with 0,51 ! L-KZ phosphate pHT7.5 buffer (1.5ml s 1 gm
tissue) including the additives 0.1% TCA and 1ml! EDTA, After express—
ion of the sap-buffer homogenate throuzh cheesecloth emusification over—
night with 8.5% n-butanol at 4C was carried out. The emulsion was
then broken by low speed centrifugation (12 000_41O*1n) and the super—
natant retained after filtering through glass wool. The supernatant
was then subjected to wltracentriftigation (100 OOQ;/TOmin) or PEC pre-
cipitation overnight (6% PEG + 0,.15M N¥uCl) and low speed cent rifuzgation
to pellet the virus. The pellet was resuspended in 40ml 0,05 Y—K
phosphate and 0.5mlI EDTA buffer pHT7.5 for 1h at AC and then subjected

to a further cycle of difTerentizl centrifugaticon. In the finzl cent-
rifu-ation cycle D-CarlV =:n pelleted (100,000~/%0min) through a
'ecushion' of 207 sucrose Lo remove additional contaninating plant com ore
art s, The finzl purified virus pellei was woashed with distilled water
and resuspended in 1’ TDVA pHS.0 (1ﬂl/100 infccted tissue) overnishi
at 4C. The period ol ulitracentrifugation (TO—QOmin) was deternminod
similarly to CLIV=-D (Jeptlon 1-7) exceptinz that a sedimentation coaffi-

- 7 -1
cient 122X10° - 8 was used for CarliV-D,

As this isolute of CarllV reuciied a high concentration in N,
clevelandii purified virus preparations were genorclly less centaminat-
ed by plant components this host was preferred to C, quinoa as a virus
source for purification. N. clevelandii D=CarMV purified preparations

contained fewer F1 protein particles when viewed in the electron micro-
scope and did not react against 'healthy' antisera when diluted 1/2.
Hollings and Stone, (1975) also recommend N. clevelandii for the

puarification of another tombusvirus, tomato bushy stunt for the same

reasons.

Butanol clarification was wused in preference to chloroform
on the recormendation of Demaire and Kummert, (1969) who observed, by
spectrophotometry cleaner virus preparations, Preparations of D-CarllV
obtained by differential centrifugzation were generally superior to PEG
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preparations hecause of the lower levels of contamination.

2.9 PHYSICAL PROPERTIES OF PURIFIED VILUS

Sedimentation coefficient

Three separatc analytical centrifuge runs ezch revealed a
sin~le homogeneous sedimenting virus peal: (Pisure 22) for D-CarlV
purified preparations witl sedimentation coefficients (uncorrected for
virus concentraticn) of 12 6, 124 and 130 S respectively. The sedimer-—
tation OuC--lClbnh for D-CarllV was thus determined zs S = 120 x 10—13
:’:'(:c'-1 or 120;3 » This value is in generzl agreement with that reported

for CardlV s 1225 (Hollings & Stone, 1970).

UV ibsorption snectrum

Preparations of purified D-C:xiIV had the following UV
abscrption spectral characteristics: A mex and A min occurring at 260
and 240rm respectively, A max/min = 1.29, A260/280 = 1.59. These
values are consistent with that reported for CorlV (Demzire & XKurmert,

969) and other tombusvirus group members e.z. tomato bushy stunt 4260/

280 = 1.62-1.66 (Uartelli et al., 1971).

Summery of Fhysical properties
N, Y prope

Purified j aruticns of D=CarlV yielded ca. 500mg v:LruJ/
tissue harvested, hod an infectivity dilution end-point of ca. 107 -1 ahi
maintained infectivity for several weeks. Preparations did not react
against 'healthy' antiszera but reacted strongly wgainst CarllV antisera
at dilutions down to 1/1000., Examinztion of negatively stained prepar-
ations in the electron microscope particles ca., 2%9mm with little
contamination by F1 rlant protein particlas. Preporations examined in
the analytical centrifuge had a single homogeneous sedimenting virus
peak with & sedimentation coefficient of ca. 120 O (Fi,gure 22} Spectiro—
rhotometry revealed a characteristic absorption spectrum with velues of
A 260/280 = 1.59 and A mux/min = 1,26,

2,10 CHIMICAL COMPOSITION

\1‘!

8D5-Polyacrylamide ~el elecirophoresis of isolated virsl

RWA extracted from D=CarlV purified prepzration was electro-
phoresed in SDS polyacrylamide agarose gels to determine the number of

corrected for zero virus concentration
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RN4 species and their res;ective molecular weights, that this virus
enczpsulates. Polyucrylamide gels of 2.0 and 2.4 were used in the
elucidation of D=CarllV RIA species alorn: with z period of 90min
glectrophoresis., Several RNA standards were included and a standard
curve similar to Pigure 13 was constructed from which D=CorlV RIA
molecular weightis could be determined.

2T

Tremaine (1970) deter.iined the RNA or enome content of CarllV
as 19,75, thus a RNVA molecular weight of cz. 1.31-1.52 million daltons
can be calceculzted., A fenome, comprising a siangle 3L species was
determined Tor CanlV by Kaper ond Watervorth (1973) it constituted c.c.
18ﬁ of the particle weight, Tvio empirical methods were used to deter—~
mine the sinzle RIA species molecular weilght: sedimentation velocity
ultricentrifugation; end pelyacrylamide zel electrophoresis. Using
these, velues of 1,37 and 1.33 million daltons were obtained for the

respective methods.

A zingle Ri7A species was reveuzled for D-CurlW extrazcted RHA
on eloctrophoresis in SDS-polyacrylamide agarose gels (Figure 23).

Values of 1.51 and 1.38 x= 10° @=ltons were obtuined in two separale
experimenis, for the sinzle WA species moleculur weight. A larze
heterogencous (broud) pexls wes zlso observed on the scamned =el traces
(Fizure 23), this was found to correspond with a similar broad pesk
obtained with 3MA extracied from partiazlly purified 'healthy' plant
tissue. t probobly comprised of a mixture of partially decraded or [lIL
fragments of plant orizin.

The results obtzined with D-CarllV revezl zood correlation with
that reported for Car!V (Kaper & Waterworth, 1973). The characteristic
single RUVA species (c.a. 1.5 million dalions) of CarllV is typical for
other tombusviruses (Nartelli et al., 1971) distinmishing this virus

group from many others,

2,11 IMIUNOLOGY

Unlike ClIV, CarllV is a good immunogen, (Hollings & Stone, 1970)
a result largely attributable to the virus high stability (Hollings &
Stone, 1964) and therefore specific and high titer antisera are easily

prepared.

Antiserum to D-CarllV was prepared by & series of three intra-
muscular injections and two intravenous injections at weekly intervals
before bleeding the rabbit. A dilution of 1/30-1/60 was determined
as most suitable for gel diffusion tests. HNo reaction against




concentrated "heclihy' prepuration was cvserved with D=CnrllV antiserum

when diluted 1/2 or lover.

2.12 SEROLOGY

vess confirmed by seroclogiccl reactions againet

CordV antisera in Cuchterlony sel diffu-ion tesis (Zrovwle, 1973). ari-
fied D<CarilV »eacted producing a single curved oracinitin line azzinst
4
o+

the Cayl™ TIRT' anbtiserur., To reacticons were ohnserved betveen the

ra

sntissrum 2nd healthy olont sap, a concenirated "hexlily' preparation

or plznt =ap infested sepevately by arabis mosaic virus, OV, and tobaceco
rin apot virus. Serological reactions were also ebtalned using N, Clove-
landii plant sap infected respectively with D=CuarilV and a carnation
isolate of CarilV, o serolepiesl reactions vwere obeserved with other
sntisers to tombusviruses includings cuarnation ringspot virus, and

Mmoo At

three antisers to tomato bushy stunt virus (FLOV-232, TBSY-GCRI, TBaV-iypek

L comparigon between daphne ond earnsiion isolates of (rzilV

oy A,
o

was conducted by gel diffusion and imminoelectrophoresis ftesls using:

two isolates of D=-Cuxilf; two carnaition CoallV isolates; antiserum pre-

~ Y : T A e - A - - 3 r i ~
pared assinst D=CarlV and SarllV VPRI antiserwzi. Auvpropriate conirols,

(i

L 0 I oo
LGICIT Wes

similar to those used in the esrlV identifi

Q

= a4 T

in these scroloziczl compuriszon tests.

3

he gel diffugion tesls reveul-

£

ed thut D-CarllV and CoxllV-carnetion isalotes were serologically cony

mentary, fusion of curved precipitatin lines resulting with both antisera.
Similarly immunoelectroihoresis tests ravezled the antisens were conmplo-
mentoary, o single antizen comporent was Jound for D-TzzllV and CarllV-

carnation, However the D-CarilV isolatss or antizens did migrate sli-lit-

ly Turther than the CarllV—carnation anti;

D-CarllV was serologically indistinguishable from carnation
isolates of CarllV althousl: strains of CorllV have been differentiated
serologically (Kemp & Fezelas, 1966). The ‘attenuzied’ form is however
indistincuishable from th: 'type' strain (Hollin:s & Stone, 1970).
D-CarliV is similar to the 'uttenuated’ Torm of CurllV, with very low inlect-
ion levels in its nuaturel host, and as o consequence D=CarlV could perhaps
be expected to be serologically similar fto common carnation isolates of

the virus.

1
VPRI abbreviation 'Victoria Plant Research Institute!
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2.13 DISCUSSION

The virus D-Cari’V isolated {rom daphne, vias identified as
a teombusvirus on severzl characteristics: limited host infection;
hish stebility in crude sap; a sinzle sedimenting virus component
of ca., 1205; and z single RWA species of ca. 1.3 million daltons.
The Tinal identity of D-CoaxllV was confirmed by seroclogical reactions
with CarllV VPRI antiserum and the rezction of D-CarlV antiserum against
carnation isclates of CarxllV, Turther interpretation of D=CarllV host
reaciions added to this identification,

The uniqueness of this report, the isolation of CarllV from
a host other than earnation, reguired comprekhensive proof of isolation
from daphne. This proof was demonstriied by wey of direct purificat-

ion of D-CarllV from daphne leaf and flcuer tissue separately.

The infection of daphne by D-CarliV appears to involve low
virus concentrations, becuuse little D-CarllV wos recovered by direct
purifieation, and the virus was difficult to isolate to C. guinoa.
3imilar low infection levels have been observed by Hollings & Stune,
(1964) with hezt treated carnutions, 'citenuated' CarliV being barely
detectable. Likewise Foupet et al., (1972) observed low infection
levels of appurent 'attenmuuted' CaxllV in mediterranean carnations
after extensive serizl back inoculation programmes.

Thus low infection levels of CarllV and the difficulties
involved in isolation as experienced'by Poupet et al., (1972) sugzest
wider naotural infection of carnations and possitily other hosts may be

expected. This situation appears to occur in darhne, subsequent %o
P y q

the initial isolation of CaxlV from D, x burkwcodii 'Variegata' this

virus has been isolated from a further two cultivars and isclation from

even more cultivars is likely,

The difficulties involved in isolation of D-CarlV relate to
the requirement of back inoculaticn tests on primary inoculated hosts.
This practise could easily be overlooked or treated lightly and thus
the virus could remzin undetected. Difficulties similar to those
experienced here have occurred in proving TUV infection in several woody
hosts.

Symptomless infection of CarllV in both hosts and the ability
of the virus to be transmitted between carnations by handling, a feature
which may occur in daphne, insures wide host infection. Clean stock
programs would require heat treatment anq/or tissue culture to remcve
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CarllV infecticn. Unfortunately problems with cleaning up carnations
by these techniques hove met with g numler of difficulties (Hollings

& Stene, 1964).

The problems involved in indeiing daphne for viral infection
becone selfl evident after this study. Indexing Tfor CarllV could not
be done by vay of direct electron microscope examinction and mechanical
transmission tests would require z comprehensive programme of sericel
back inoculations, Ferhaps direct scrological testing eould be jer—
formed, but this secmg unlikely after ihe experiences of Poupet et al.,,
(1972) vho found low infection levels of CerlV wore not seroloziczlly

detectable in carnation.
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CHAPTER 3

CIARACTERISATION OF
DAPHNE LATENT RINGSICT VIRUS

A virus or 'virus-like' agent was isolated from Daphne odora

'Leucanthe Variegata' by Forster, (1974). After the determination of

igometric virus particles earlier in the preseni situdy the virus was
tentatively nomed dgphne isometric virus-2 (DIV-2) by Forster and lilne,
(1975). Three isolates of this virus were selected and subjected to
characterisution. On the basis of several characteristics, including:
host symptomatology; seed transmission; and multiple sedimenting
components the virus was renamed daphne latent ringspot virus (DLRV)
(#/% : %/% : 5/S : S/#) and is considered a probzble merber of the
nepovirus sroup (Harrison & Ilurant, 1970-1974). Proof that ILRV is

& new virus was not obtained in this study. Iowever many viruses,
which have some properties in common with DLRV, were eliminzted because

of the distinctive cheracteristics revealed by ILaV,

3.1 NATERIALS AND LIETHEODS

The materials and methods used in the characterisation of
DLRV are the same as outlined under section 1.1 with one exception:
isolation and analysis of ILHV RVA was not carried out, but an addition-

al tests, seed transmission, was included.

Seed transmission

Two DLRV-systemically infected C. cuinoa plants were allowed
1o produce seed and this was collected after drying-off. The seed was
planted out and 3 week old seedlings were macerated, either singly or

in groups of 10, inoculated to ., quinoa and any infection noted.

3.2 TRANSITISSION FROM DAFPHIE

DLRV was isolated from a singie daphne cultivar D. odora
'Leucanthe Variegata'. Ko symptoms could be attributed to infection by
this virus, The virus could be isolated from either flower or young
leaf tissue macerated in Yarwood's buffer and celite znd inoculated to
C. quinoa, Separation of ILRV from CllV-D, which was zlso found infect-
ing this daphne cultivar, was achieved by systemic passage of ILRV
through C. amaranticolor. In this host CLIV-D infection was localised,
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DLRV was easily and consistently isolated using the zbove procedure.
Three isolates were selecied for characierisation iwo being obtained
by the procedure outlined and a third wus an originsl isolate from

R.L. Forster.

Three isolztes of ILRV were su) inocul:-ied to species from
13 families. Tnoculun comprised ILRV-infected 2. quinoa or .
Clevelandii leuves macerated in Yarwood's soluiion plus celitee Al11
igolates produced very similar host rezctions.

ALIARATTTHA CEAE

Amaranthus caudatus 'Love Lies 2leedin~': local chlorosis

folloved by chlorosis snd stunting of the whole ;lant with leaf epinasi,
systemic white flecks and tip necrosis.

Celosia argentia 'Forest Fire': loczl chlorosis occasionall;

2=3mn red ring spot local lesions; systiemic moscic with tip necrosis

and epinasty of laterzls.

Cemphrern: slobosa 'Little Buddy': symptomless local and

systemic infectiion.
CARYOFPHYLLACZEAD

Gypsophila elezans: local and systemic veinal strealking and

irresular shaped ringspot lesions (Figure 24).

Saponaric vocceria 'Pink Beauty':s loc:l and systemic veirnil

chlorosis znd necrosis (Fi-ure 25).
CHENO fODIACEAR

Beta vulgaris 'Yates early VWonder's 1local 1-2um red lesions;

systemnic mosaic.

Chenopodium amaranticolor: 1mm chlorotic local lesions

(4-6 days); systemic chlorotic flecking and mosaic with leaf reflexing
(FMzure 27),

Chenopodium quinoa: 1-2mm chlorotic loczl lesions or 2-3mm
chlorotic ring lesions (3-5 days); rapid systemic chlorotic fromi in
top leaves (4-7 days) with necrosis of young latoral shoots and tip
(Pigure 26a). Regreening of leaf veins follows while interveinal

areas remain chlorotic - chlorotic vein-net (Figure 26b).
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Spinacia oleracea 'Royal Demuark': 2mm chlorotic local

lesions (4 days) rapidly coalesce; systemic veinal chlorosis (6 days)
with the whole of top leaves becoming chlorotic, followed by veinal
regreening.

CONFOSITAR

Czlendulz officinalist chloroctic local lesions; systemic

tip necrosis.

Senecio cruentus (Cinerariz): local znd systemic chlorosis

or symptomless infection.

Zinnia elecans 'Cactus Flower=d': syupionless infection or
systenic mottling.
CRUCTIFERAL

Arabis sp: sywptomless local and systemic infection,
CUCURBITACZAT

Citrullus vuleroris 'Golden Honey': local chlorosis on

cotyledons; systemic chlorotic blotches and symptorless infection.

Cucumis sativus "arketer' and 'Folaris': chlorotic loezl

blotches; systemic chlorotic flecking on lower true leaves, the rest

symptomlessly infected.

Cucurbita pepo '3mall Sugar': 1local ond systemic chlorosis.

LECUMINOSAE

Cassia occidentalis: no local reacticng systemic chlorotic

blotches and mosaic followed by necrotic flecking.

Dolichos biflorus: symptomless local and systemic infection,

Phaseolus wvulgaris 'Top Crop': necrotic loczl lesions (1-2mm)
and veinal necrosis (Figure 28); systemic infection symptomless or
chlorotic flecking.

Pisum sativum 'Greenfeast't symptomless local infection;
systemic chlorosis of leaf tips (12 days).

Vigma unguiculata subsp. cylindricas faint 2-3mm chlorotic
local lesions (6 days) become necrotic; systemic veinzl chlorosis.

Vigna unguiculata subsp. unguiculatas 1mm chlorotic local
lesions (6 days) become necrotic; systemic white chlorotic flecking or

symptomless infection.
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SCROPHULART ACEAT

Dizitalis purpurea L: symptomless loecal infection,

SCLANACEAE

Lyvecopersicon esculentum 'San larzano': loczl chlorosisy

systemic infection,

Micotiana clevelandii: faini chlorotiec loczl lesions (4-5

days) irregular necrotic lesions and ringspois Tollow; systemic veinal
chlorosis.

1" cotiana slutinosa: local chloroiic blotches; systemic

chlorotic fleck or symptomless inflection.

Hicotimna plutinosa x Ne clevelandii: chlorotic local

lesions; wsystemic veinal chlorosis, chlorotic und necrotic fleciting.

Nicotians rustica: local and systemic chlorosis

Nicotiana tabacum 'Havana', 'Samsum’, aond "White Burley':

local chlorosis, occasicenilly necrotic etch rin; lesions; s‘mptomle:4
b

systemic inlection. ILRV recovered from systenicelly infected tissuc

in low concentrution.

Petunin hybride '"Firechief' and 'Rosy llorn': either

chlorotiz local lesicns, systemic veinol chloresis or symptomless
infection; or grey brown necrotic loczl ring lesions, systemic
chlorotic blotches and rinz lesions with conceniric ring lesions form—

ing on flower petals. Tiis second re:.ction occurred less frequently.

Physalis fronchetii: symptornless local and systemic infection.

ULMBFLLIFERAE

Apium graveolens 'Dulce DC': 1local and systemic chlorosis.

No infection of the following hosts was detecteds:

Antirrhinum majus, Brassica oleraceae vur capitata, Brassica pekinensis,

Capsicum frutescens, Datura stramonium, Dianthus Barbztus, Dianthus
chinensis, Matthiola incana, Ocimum basilicum, Phlox drummondii, Salvia

splendens, Torenia fournieri, Vicia faba and Vinca rosea.

Several distinctive host reaciions were observed with IDLRV
in hosts belonging to the amaranthaceae, caryophyllaceae, chenopodia~
ceae, cucurbitaceae, leguminosae and solanaceae. DRingspot symptoms
were observed in several hosts, viz; Celosia argentia, Chenopodium
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quinoa and etunia hybridz.

The characterstic host reacticns observed were remarkably
similar to those reported Cor nepoviruses and seversl other. viruses:
broad bean wilt, elderberry latent,; elm rmottle wnd robinia mosaic
({arrfaon & Tnarant 1970-74) . Host rezciions ol tvwo nepoviruses
(arabis mosaie, and tclacco ringspot), snd brosd besn wilt were
observed in this loborotory. DLRV host recctions viere distinet from
isolates of these thiree viruses and pgererslly milder, Hoviever, the

identificetion of DLRV as a new virus on the basis of symptomatolosy

3s4 VLCTOR TRANZETISSION

Two attempts to trensmit ILRY Ly aphids in & nonpers.stent

mamner failed. In the first experiment aphids (L, werc Ted

DeI'S1ca

for 20 seconds on detuched DLRV=infected Spirnceic olerucea lecves and

transferred to three Saponaris vaccaria znd thres S. oleracez plantis

(10 uphids/plant). In the second experiment aphids (L. euphorbise)

paophila elezohng, two

were similarly treated and transferred to tvo Gy
5. oleracez planis respeclively, Pack inocculcticon tests to L. quinoa

reeks lzter failed to reveal any aphid tranzmission of DLRV.

There are severul isometric viruses wilth similar host ranges

to ILEV, ineluding brozd bean wilt (EBWV), robinia mosaic (RMV), some

S

nepoviruses, slderberry laotent virus {(E1ALY) and olm mottle virus (Flm'v

Broad bean wilt virus (B WV) con be eliminuted because it is
readily arhid transmitted in s nonpersistent mamner by . persic
(Taylor & Stubbs, 1972). Robinia mosaic virus (IIV) is also aphid
transnitted (Schmelzer, 1971) so can possibly be excluded, althoush its
transmission rate by li, persicae is rather low, With the exception of
tobacco ringspot (Stace-Smith, 1971) nc nepoviruses are reported to be
transmitted by aphids and elderberry latent and elm mottle viruses are

also in this category (Jones, 1974).

No attempts were made to transmit ILRV by nematode species,
the natural vectors of nepoviruses (Harrison et al., 1971).

3.5 SEED TRANSMISSION

Infecticn of seedlings by DLRV, grown from seed collected
from ILRV-infected C. guinoa plants was verified by characteristic
host reactions. Secd transmission of ILRV was determined in the order
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of 95%., In two conseculive tests 10 scedlings from DLRV-infected
. quinoa's were separately back-inoculuted to C. quinoa test plants,
and in all but one case secd transmission of ILRV was verified.
Seedlings infected by DLRV through seed transmission revealed veinsl
chl orosis and mottling.
Tith few exceptions seed trancmission of plant viruses
reported in the order of (0-~90% is restricted “o members of the tobacco

ringspot virus group or nepoviruses (Bennett, 1969).

3,6 IYCICAL PROPERTIES IN CRUDE SA

The TIP of DLRV, determined from infected C. quinos sap assc, -
ed on C. quinoa, was TO-T5C. Although this TIF wvalue contributes to
DLRV characterisaticn it is not purticulurly distinctive as it is only

slightly hicher thon TIP's of the majority of isometric viruses

3.7 ZELECTRON I'ICROSCCIY

Hepmtive staining

DLRV particles ca. 30mm in dicmeter first observed in ne ativ -
ly stained partially purified preparations but not in squash homogenat
of duphne tissue. In other herbaceous hosts such as C. guinoz, .

glevelandii and S. vacecaris ILRV particles were exiremely difficult to

resolve despite the use of several different negntive sinins and stain-
ing procedures. Several PPA stains (pll 4, 6 and 7), A (pH5.2) cnd 2
PTA mixture (previously described) were tried. Boll squash honogenat
(Wallkey & 7ebb, 1968) and leaf dips (“r_nues, 1957) vere also tested.
Isometric particles ca. 30nm were revealed after extensive scauning in
the electron microscope, ILRV particles usually occurred in small cluwu:
of about a dozen particles (Pigure 31). The All:PTA mixture (1:1) wit)
the squash homogenate procedure was preferred to other techniques as

this gave the best contrust.

Many squash homogenate preparations from seed, apical and
lateral tips of ILRV-infected C, quinoa and N. clevelandii, failed to
reveal virus tubules, characteristic of a number of nepoviruses (Roberis
& Harrison, 19705 Walkey & lebb, 1970).

With the exception of the tombusviruses (lartelli et al.,
1971) most isometric plant viruses are not found in squash homogenates
in very high concentrations (Harrison & lurant, 1970-74). However
among the viruses stable in most negative stains, few are as difficult
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to resolve as ILRV. During this study arabis umosaic, broad bean wilt,
cucumber mosaic, tobacco ringspot and tomato aspermy viruses were all

found more readily in negatively stained squash homogenates than ILRV.

Purified preperations of DLRV revealed many 30mm isomeiric
virus perticles, when negotively stained and viewed in the electron
microscorpe. Good contrast and dispersion of ILLRV particles vwus observ—
ed in AY pH5.3 (Figure 29). Similarly with PP4 pH7.0 strong contrast
ocew ‘»d, zalthouzh particles tended to zzgregate more than in Al
(Pizure 30). Severagl positively stained DLRV purticles were observed
in both negntive stains (Fizures 29 & 30), indicating empty virions

were present., Twenty ILRV particles mcasured had an average diameter

The presence of enpty particles in negniively stained virus
is a characteristic shared by & number of isomeiric viruses: cono-
viruses, nepcviruses, tymoviruses and severzl other viruses including:
broad beun wilt and elderberry latent (llarrison & lurant, 1970-74).
Verification that the positively stained ILRV puarticles were ‘empiy!
was demonsirated after anulytical ultracentrifusetion analysis of ILRV

he

preparations.

Ultrathin sections

Isometric puarticles distinguishable from ribosomes were chac. .
within the cell cytoplusm of thin sectioned DLRV-infected tissue. o
tubules or other distinctive features were observed in this csectior 1

material.
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3.8 PURIFICATION

Difficul ties were experienced in obtoining adequate yields
of purified DLRV for further characteriz-~tion. Several different
purification procedures similar to those of Herrison end Nixon, (1960),
Hollings and Stone, (1964) and Peden and Symons, (1973) were tried,

none of vhich proved outstanding.

The procedure f*nally adopted Zor ILRV mrification was =2
modification of that used by Hollings zrd Stone, (1975) for purificat-
ion of tomzto bushy stunt virus. Two weelk old ULRV infected C. quinow,

s harvested and homozenigzed with 0.5 '{-Z’:D phosphate, 7.5 buffer

g F - : " g
(1.5:1 : 1g tissue) including 0.1% TCA, L2l EDTA and 10rl! Dieca

H. clevelandii or N. rustiica (loezl and ystemicully infected tissus)

5 expressed throurh

..4

additives at 40, This sap-buffer-homo enzcte v

cheese=cloth and then ermlsified with £.57 n-butanol overnight at 4C,

The exulsion was broken by low speed ceatrifugetion (12,0002/10min)

(@]

and the supernatant retained after filtering throush flzss wool. Th

virus was then pelleted by uliracentriluation \EOO,GOO;/QOmin) and
resuspended in 30ml of either 0.051 K—Ln phosphate flus 0.5ml LT

buffer pH7.5 or 20ml Tris=HCl buffer, pg¢.5, for 1hr at 4C. DLEY
finally concentrated by Wl trazcentrifugation (100,000;/80min) and resui-

pended in 1ml of mf HDTA pH5.04 or 10m. Tris-IClL vH3.5 buffers.
PHD WUy J

™

Based upon cleciron microscopy preparations of DLRY froun

N. clevelandii or HI. rustica contained less F1 plant protein than

¥ were

preparations from C. quinoa. Yields of 2-5mg of purified ZLRY
ohtained from 1007 infected tissue, a result determined spectro hoto-
motrically wsing Ty .= 12.0 (oordam, 1973). The ILRV purified
preparations did not react against 'heclthy' antisera and contained few
F1 rrotein particles vhen negatively sicined preparations were observed
in the electron microscope (Figure 29). The low ILRV yields obtained

limited further characterisation studies of this virus.
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3.9 PHYSICAL PROPERTIES OF FURTFIED VI..US

Sedimentation coefficients

In two separate analytical ultracentrifuzation runs with
purified DLRV preparations, four sedimenting pealss vwere observed (Pizure
32).. The top or lightest component wes found to be F1 plant protein
and had an sedimentation coefficient of 3331. The three virus sediment-
ing components labelled top (T) middle (iI) and bLottom (B), in order of
sedimentation, had sedimentation coeffizients of 54, 76, and 11881
respectively, By correction for zero virus concentration these values
would increase slightly, the B component increasing the most because ii
was observed in a higher concentration zs indicated by the largest peal
(Figure 32).

Three sedimenting virus components with sedimentztion coeffic-
ients similar to those reported for ILRV have becen recorded for several
viruses: comoviruses; several nepovirusesj; bLroad bean wilt; elm

mottle; and tobacco streak viruses (Harsison & Murant, 1970-74) .

UV absorption spectrun

Preparations of purified DLRV had the following UV absorption
spectrel characteristics: A max/min = 1.43-1.54 and A 260/280 = 1.69-
1.90, Similar values to these are rerorted for both comoviruses and

nepoviruses (Hareison & lluraant, 1970=74).

3,10 TITINOLOGY AND STRCLOSY

In this study the antiserum prepared azainst RV was found
to be unsatisfactory because of the accidental inclusion of D-CarllV
antigens in the injection series. Not only did this antiserum contain
antibodies to D-CarlV but high levels of antibodies against 'healthy'
plant components were found. This poor antiserum arose partly becauss
of early difficulties experienced in developing a purification procedure
for DLRV,

Specific serological (gel diffusion) reactions could be obtain-
ed between the prepared antiserum and purified DLRV, The purified
virus did not react azainst healthy antisera.

In gel diffusion tests (Crowle, 1973) no serologicul reactions
were obtained with purified preparations of DLRV against several dilut-
ions of antiserum to ecach of the following viruses: apple mosaic;

uncorrected for zero virus concentration
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*
arabis mosaic; brozd bean wilt; cernation mottle; carnation ringspot;
cherry leaf roll; cucumber mosaics peanut stunt; prunus necrotic ring-
. * :
spot; raspberry ringspot; strawberry latent ringspot; tobacco necro-

* -
sis; tobacco ringspot; tomato ringspot; and 'healthy' antisera.

The antisera mariked with asterisks were included bhecause the
viruses had some properties resembling those determined for ILRV in this

Stud}’ .

3.11 DISCUSSION

Whether DLRV is & new virus or not remains unresolved at present.
Comparison of ILRV characteristics with those reported for other 30mn
isometric viruses does eliminate many pessibilities. On the basis of
DLRV host ranze, seed transmission and three characteristic sedimentat-
ion componentis all bul some nepoviruses und several ungrouped isometric
viruses can be eliminated., Gel diffusion sercloziczl tests with anti-
sera to 14 viruses failed to reveal the identity of DLRV so far.

Several other viruses including elm mottle, grapevine chrome mosaic, anid
grapevine fanleaf hzve some properties resembling DLRV but antisera to
these viruses were not available for testing against DLRV, Further

serological tests are therefore required to confirm the identi ILRV,
g q

The nepoviruses zre characterised by: distinctive and vide
host ranges; nematode transmissiony hih rates of seed transmission;
TIP's 55=70C, LIV few dzys or weeks, ta. 30nm isometric particles; 2 or
3 sedimenting virus componeats; single stranded RUA (G243:423:C22:U31) ;
2RNA species of 2.5 and 1.5 million daltonsj; one protein subunit
(excepting strawberry letent ringspot virus); all are good immunogens;

and several produce virus itubules (Harrison & lurant, 1970=74).

On the characteristics revealed in this study with IDLRV, it
appears to belong to the nepovirus group (Harrison & Murant, 1970—74).
Unfortunately no information on nematode transmission is known for IDLRV,

s0 its membership in this group cannot bte verified.



APPENDIX 1. Antisera used in this study.
ESrmmEpEs oo e e — = ==s== 3 34 -1 -1
Antisera Source

Apple moszic virus

Lpple mosaic virus

(rose)

Arabis mosaic virus

Arabis mosaic virus

(cucumbcr)

Arabis mosaic virus

(carnmtion)

Arabis mosaic virus

(tamarillo)

Broud bean wilt virus

(type 1)

Broad bean wilt virus

Carnation mottle virus

(carnation)

Carnation mottle virus

Carmation ringspot virus

R.W. Fulton

. Casper

=
y=

Goold &

«D. Harrison

i

¥, Hollings

P,R. Bemmati

v « Thomas

J.K. Uyemoto

J. Sutton

J. Sutton

B.A.K. Morris-

Krsinich

P.R. Fry

University of Wisconsin

Lzdison, VYiisconsin, U,S..L.

Biologische Bundenstalts Inst.,
fur Virusserologie Braunshweig

r

We Germany.

Scottish Horticulturzl Research

Station, Invergowrie, Scotland.

Glasshouse Crops Research Inst.,

Littlehampton, England,

MNas ey University, Palmersion

Noxrth, Hew Zezland.

Department of Scientific «:
Industrial Research., Aol
Diseases Division, Aucklund,

New Zealand.

Cornell University, Genev:,

Hew York, U.S.A.

Victorian Flant Research Inst.,

Burnley, lielbourne, Austrolia.

llassey University, Palmerston
North, New Zealand.

D.5.I.R. Plant Diseases Div.,
Auckland, New Zealand
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)

Cherry lezf roll virus

Cherry lezf roll virus

Cucumber mosaic virus

(nandina)

Cucumbter mosaic virus

Cucumber mosaic virus

(D strain darhne)

Cucumber mosalce virus

(C strain daphne)

Cucumber mosaic virus

(Q strain pepper)

Cucumber nosalce virus

(Cormor: strain - C5)

Daphne latent ringzpot

virus
Heulthy 'White Rurley!

Peanut stunt virus

Prunus necrotic ringspot
Prunus necrotic ringspot

Raspberry ringspot virus

Strawberry latent ringspot

virus

J.K. Uyemoto

R.A- GOOld Lr:L

B.D. Harrison

K.S5. ¥ilne

B.AM, Morris-

Krsinich

R.I.B. Francli

D.Hdl. Van

Stogteren

B.A.ILs llorris-

Krsinich
K . S . luilne

G.I. Mink

J. Sutton
R. Casper

R.A, Goold &
B.D. Harrison

9

YMassey University, Palmerstion
North, Uew Zealand

University of Califormia

Davis, U.S.4.

Waite Agricultural Research
Institute, University of

Adelzide, Australia

Laboratorium Voor
Bloembollender zoek, Lisse

Netherlands.

Vaghington State Universiiy,
Washington, U.S.A.
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APPENDIX 1. contimied

Tobacco necrosis virus J.K. Uyemoto
Tobacco ringspot virus

Tobacco ringspot virus W+ Thomas

(horse radish)

Tobaceo streak virus 2.4 Fulton
Tom=to asnerny 3 mys g o g P o P.D.D. Aucikland
L OmMaT o ugidemw virus daried site - . « UCK {.-nkl’
(chryeznthemum) New Zealand
Tomzto aspermy virus DI, Van
(chrysanthemum) Slogteren
Tomato black ring virus R.&. Goold &

P.D. Harrizon

"

Tomzto bushy stunt virus 1. Hollinga
antisera to three scepor-
zte isolates: type strain,
GCRI 273,
2

Tomzto rinzspot virus J.K. Uyemoto -
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