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PPtEFACE 

The genus paphne belongs to the Thymelaeaceae and 

contains both evergreen and deciduous shrubs which produce 

attractive, highly fragrant flowers. Plants are neat and 

shapely and seldom grow more than 3-4 feet high, fitting 

well into rock gardens or herbaceous borders. 

A large number of species of this very popular 

ornamental are grown in New Zealand, the most common of 

which is Daphn~ odora Thunb . This latter species contains 

several cultivars and one (Da ph_p~ odora 1Leucanthe') is 

almost ubiquitous at least in the North Island. Its import­

ance is illustrated by the fact that several nurseries 

visited during the study cited production figures for 

Leucanthe of between 5,000 and 12,000 specimens per annum 

and one firm has also entered the export trade. Daphn~ 

burkwoodii Turrill and Daphne cneorum L. are two other species 

which are also commonly grown in N.Z. 

Most species of daphne are vegetatively propa­

gated , prefer well drained , sunny situations and tolerate 

a range of soil pH. However, they are intolerant to dry 

conditions and numerous authors reflect on the often un­

explained sudden collapse and death of many daphne speci­

mens. Furthermore, cultivars of D. odora frequently 

exhibit severe leaf mottling and accompanying lack of vigour. 

Severely diseased plants are unsaleable due to their un­

sightly appearance and their acknowledged short life. 

These factors have undoubtedly contributed to a 

lesGening in popularity of daphnes and a recent rejection 

of an export consignment on the basis of foliar mosaic 



symptoms has stimulated the concern of nurserymen . In 

view of the existence of a diseas e problem, considered 

at least in part to be caused by virus, a study on the 

virus aspects was commenced. 
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AESTRACT 

Ten viruses were detected in one or more of 20 

~hne species and cultivars in an extensive national 

survey. Four of these viruses were i dent ified as al f alfa 

mosaic (AMV) , arabis mosaic virus (ArMV) , cucumber mosaic 

virus (C MV ) and t oba cco ringspot virus (TobRSV ) , by a 

varie ty of methods including serol ogy , host range and 

symptoms~ particle morphol ogy and vector transmission . 

Purific ation methods were als o de vel oped for AMV a nd CMV . 

Three rod viruses , daphne-tobacco mosaic virus (D-TMV ):1 

daphne vi rus X (DVX) anc:J daphne virus Y (DVY) ~ wi t h normal 

le ngths of 300nm, 499nm and 733 nm res pectively, were a l so 

detected . Da phne virus Y was widespread in se vera l Daphn~ 

spec ies while D-1'MV and DVX were only found i n Daphne 

.££.§~rum L. and DaphnE: .2,dora Thunb . Da phne virus X and DVY 

were characterized by hos t range and re actions , physical 

properties, vec tor studies and a purification method was 

developed for DVY . 

Three other viruses were partially characterized 

by host range and reactions. Two of these , Le ucanthe 

Variegata virus 1 (LVV-1) and Leucanthe Variegata virus -

2 (LVV-2), were confined to Daphne odo~a 'Leucanthe Varie­

gata', while the third, Burkwoodii s phe re virus (BurkSV), 

was only found in Daphne burkwoodii Turrill ' Variegata '. 

Icosahedral particles were detected in squash homogenates 

from plants infected with both BurkSV and LVV-1 :1 but 

particles were not detected in plants infected with LVV-2. 



Alfalfa mosaic virus~ ArMV and CMV have been 

reported previously infecting Daphne species but this is 

the first record of TobRSV and the six other tentatively 

identified viruses in this genus . 

2 

Specj_mens of DaE_h_qe odor a 1 Leuc anthe 1 and D~J2!?.pe 

odora 'Ru bra 1 , in whi ch no viruses could be dr:: tec ted, we re 

located during the survey and these are currently being 

increased for distribution to the nursery indus try . 



CHAPI'ER 1 

SURVEY OF VIRUSES I NFECTING 
DAPHNE 

3 

I NTRODUCTION 

Although many different s pe cies and cultivars 

of Da£l:1::P-e are 1-rnown (2), virus in fee tions and 'vir us­

like ' symptoms have been re ported for only 2 species, 

viz., Daphne odora Thunb and DaF-hne mezereum L. Chamber­

lain and Matthews (8) r eported a mosaic disease of D. 

odora in New Ze aland which was l ater attributed to 

cucumber mosaic virus (CMV/7). Poth CMV and alfalfa 

mosaic virus ~ tN) are reported to occur in D. odora in 

the United States of America (20) and Europe (22,24). 

In England D. mezereum is regarde d as partic­

ularly susceptible to CMV (26) while recent reports refer 

to arabis mosaic virus (ArMV/16,18) and a soil and seed­

borne virus (30) occurring in Daphne species . An un­

c haracterized virus (hardy primrose virus) with a wide 

host range has also been found in D. mezereum in Germany 

(17,33). 

In view of t he concern expressed by nurserymen 

in N.Z . about the ~irus-like' symptoms frequently exhibited 

by many daphne plants, and in particular cultivars of D. 

odora, a national survey was undertaken . The principle 

objectives of this survey were to determine : 

(i) the identity and characteristics of viruses 
occurring in Daphne species and cultivars; 



(ii) the prevalence of these virus es and their 

influence on plant vigour and a ppearance; 

(iii) whether any plants free of virus we r e avail ­

able for the eGtablishment of a ' high- health ' 

nucleus stoc k . 

VIRUSES RF'CCGNIZED IN THIS STUDY 

4 

By the completion of this research f our previ ously 

des cri bed vir uses (AMV, Ar(1;v, CMV and t obacco rings pot virus / 

TobRSV) , and six apparently uncharact&rized viruses (Burkwoodii 

sphere virus/ BurkSV; da phne - tobacco mosaic virus / ~- TMV; 

da1hne virus X / DVX; da phne virus Y / DVY; Leucanthe Variegata 

virus - 1 / LVV- 1; Leucanthe Varie gata virus - 2 / LVV- 2 were 

recognized . Two fo rms of DVY were recognized , namely a sap 

transmissible form (DVY-1) and a non sap transmissible form 

(DVY-2). 

MATERIALS AND METHODS 

Plants were propagated in a modified UC IIC mix (19) in 

fan - cooled glasshouses . The te mperature was maintained between 

17 and 24C with shading provided in s ummer by means of a white ­

wash and interior shade cloth . Plants were sprayed 3 - 4 times 

per month for pest and diseas e control using lannate and benlate . 

Virus inoculum was pre_pated by grinding selected tis s ue 

with a pestle in a mortar containing a small quantity of celite 

and buffer . Inoculations t o test plants were made by gently 

rubbing leaves wit h either the pestle or cotton wool buds tic ks 

dipped in virus - containing solution . Local lesions from half­

leaf assays were counted within 1 - 3 days of a ppearing . 
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Electron mt£~S~2Jll: · For indexing of plant material by 

electron microscopy the squash homogenate method of grid 

preparation (34) was used in this study in preference to the 

l eaf dip (4) or epidermal strip (1 3 ) tec hniques. A small 

piece of tissue was ho,Jogenized in a dro p of negative stain 

and then a 300 mesh copper grid placed face down on the sol­

ution for 1 - 2 sec before draining off excess l iquid on 

filter paper. This technique, besides be ing simple and rapid , 

was suitabl e for use with both l ea f and flower tissue . Grids 

were routinely scanned at a magnification of approximate ly 

20,000x using a ' Phill ips BM-200' electron mic roscope . 

Particle measurements were taken from micro -

graphs using 100 - 200 particles of tobacco mosaic v irus 

(TMV ) as a standard (assuming a normal leng th for the latter 

of 300 nm). 

The pH 1 s of the negative stains 51 phosphotungs tic 

acid (PI111. ) and ammonium molybdate (AmMo ), we re adjus t ed 

using 2M KOH and 1M NH
4

0H respectively. Single-distilled 

water was used for these stains but double glass-distilled 

wat e r was used wi th uranyl acetate (UrAc). 

Se ro~9EX · The Ouchterlony agar double -diffus ion method was 

used for serology . The medium c onsisted of Oxoid Ionagar 

No . 2 (0. 7% ) in 0.1M K2 HP0
4

, with 0 . 0 1M sodium azide added 

as a preser va tive . Test patte rns normally comprised 6 

peripheral wells (3 mm diameter) and a c e ntral well (4 mm 

diameter) with 4 mm be t wee n c ent r al and surrounding wells. 

Lea f tissue from healthy a nd virus infected pl an t s was 

crushed in 0.1M K-K2 phosphate buffer 51 pH 7.0 (lg : 2ml ). 

Plates were plac e d in a l arge petri dish l i ned with moist 



filter paper and incuba ted at either 12 or 24 C. The 

de ve lopment of pr ec ipitin patterns was re corded ove r 

seve ral days . 
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DEVELOPMEFT OF TRANS~.:JSSIC.N AN1) ELECTROF ;'1 TCP0SCOPY METHODS 
---·- -·---····-· ·--- -- ~ .-.,;-•- •·--·· ----~~ __ ..,__ ___ . .._ .. .... . -•L-- -.· ·-.... - ·•• - •••·~ - •--•------

Pe cause the suc cess of a virus sur vey i s large ly 

depende nt on sensit ive and re l i ab l e de t ect ion me t hods? 

efforts we r e made to improve tra nsmiss ion from daphne leaves 

t o differentia l hosts foll owing i nc ons iste nt pre liminary 

r esults . Speci fic efforts were also made to i mprove de -

t e e tion of AYN? rod and icosahedral vi ruses occurring in 

daphne. 

Transmiss ion 

Difficulty was noted trans mitting viruses from 

daphne leaves although flowers always provided an excellent 

source . A series of trials revealed that reliable trans ­

mission of CMV and DVY-1 from young soft leaves was possible 

using O. OlM K-K2 phosphate pH 7.0 or Ya rwoo d. 's bentonite 

solution (0.5)~ bentonite plus O. :f/4 K2HP04 , pH 8.7 / 35) 

respectively. The Chenopodiu~ species , Chenopodium ama~­

tico}.or Coste & Reyn. and Cheno.P.odium guinea ~Jilld ., were 

found to be the most reliable indicators for CMV when 

inoculated directly from daphne leaves . 

Electron microscopy 

The electron microscope is useful for the de­

tection of both rod and icosahedral vi ruses in crude sap 

(13). Variable results have been recorded in the liter-



ature howeve r on the ease of dete ction of viruses and 

the ir stability in va rious ne ga tivG s t a i ns . A series of 

trials was therefore unde rtaken t o compar e the ef fe ct of 

co~nbnly used negative stains on se veral virus es found 

infecting daphne. Standardization for c omparison of 

different stains was achie ved by grinding 0 . 5 cm square 

of tissue in a single drop of s t a i n . 
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Firstly AWJ was c c., nsidere d 5 as a me thod of 

dete cting this virus i n , 1ant sap would enab l e imme diate 

recognition on the bas i s of its unique particle morphology. 

Alfalfa mosaic virus particles have be en detecte d in leaf 

dips using Pl'A of an unspec ified pH (25) or lithium phos­

photungstate a nd several other s tains (15). Hitchborn 

and Hills (13) h owe ver~ using neu t ral PTA 1 re ported great 

difficulty in detecting A'.<:V from Ni~9.!_ia~a glutinosa L . 

and Gibbs (11) could only find AMV in purified preparations 

after fixation with formaldehyde. 

In a series of tests AMV was detected in high 

concentrations in loc a l l es ions from C. gu~~ and Vigna 

.£Ylin_~~ica (L.) Skeels and in lower concentrations in 

several Nicot~ana, s pecies (Nicotiana, clev~landii Gray 1 

H. glutinosa, and Nicotiana tabacun:! L.). Neutral 2% PTA 

proved the poorest stain giving little contrast with plant 

material and at magnifications used for routine detection 

very few partic les were found. Ammonium molybdate (2% ; 

pH 5 .6 and 7 .0) gave better r esults with high concentrat­

ions of AMV particles being found, although still with 

some difficulty (Figure 35). Sharp contrast was not 

achieved with AmMo but the spreading of cellular material 



over the gr i d was always excellent . Particles were more 

clearly dGfined in pH 4. 0 uro.nyl a cetcte but this stain 
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was no t f nvoured because of inconsi• ten t spreading r esults 

Fur t hermore, with t hi s stain grids c ould only be prep~red 

by the slower process of crushing tis s ue in water , draining 

nnd then staining and,as with neut ral PrA, high concentrat-­

ions o f virus particles were not found (Figure 35). Low 

pH PTA ( p.H 3 . 0 ancl 4,0) and sodium s i licotungs tatc (pH 6 .5) 

gave the best r esults, t he l a tter being slight l y superi or 

at l ow magni fi cations but ofte n giving particl es a woolly 

appearance. 

The value of lov, pH PI'A wo..s note d by Uyemoto 

( µ;rs. c omm . , 1973) who c oul d not detect AMV fro m purified 

pre rara tions s tained i n neutra l PI'A whereas in pH 4 . 0 PI'A, 

partic l es we r e readily i denti fie d. Finlay a nd Teakle (10) 

also noted the va lue o f l ow pH, compar ed t o neutral, PI'A 

finding both tobacco necr osis virus and sowbane mosaic virus 

were more s table in PI'A at pH 3 , 0 and pH 4,0 than at pH 7.0. 

Arabis mqsaic virus and TobRSV were both detected 

in squash homogenate s . High conce ntrations were found in 

local lesions of ~ - guinoa, but Vig~~ sinensis (Torner) 

Savi. (cowpea ) and B· t abacu~ also proved useful sources . 

Considerable variability in the quality of staining was 

noted with prepa r a tions of these viruses but PTA at all 

values tested gave excellent contrast (Figure 22). In 

neutral AmMo however TobRSV was r a rely observed, most 

particles being electron dense and only found in areas of 

high concentrations (Figure 22). 

Daphne viruses X and Y were readily observed in 
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squash homogenates from daphne plants, with very high 

concentrations of particles being found, especially in 

flowers . Virus particles howe ver were often poorly de­

fined in prepar ations from this source . Results with 

stains were variable bu t 2% PTA, pH 4, 0 usually gave the 

poorest resul t s (Figure 44). Particles were more clearly 

de fine d in neutral 2% PTA and 2% AmMo (Figure 44). Uranyl 

acetate was unsatisfactory with preparat i ons from flowers 

du e: to the formation of a black precipitate immediately 

upon crushing with tissue . Virus particles were also 

readily detected in squash homogenates of flowers whi ch 

had been shadow-cast with platinum (Figure 44), a process 

by which rod-shaped potato viruses could be detected at 

greater dilutions than with negative staining (23). In 

the daphne study however shadow-cast i ng was not favoured 

because of the time involved. 

In daphne leav&s rod viruses were readily 

dete cted with all stains tes t e d. 

As recently as 1966, Brandes (5) alluded to the 

general thinking that icosahedral viruses could not be 

differentiated from host pl ant mate rial. Since then 

however, there have been many reports of the detection of 

icosahedral viruses in crude sap and in this study ico­

sahedral (ArMV, BurkSV, CMV , LVV-1 , TobRSV), rod (D- TMV, 

DVX, DVY) and bacilliform (AMV) viruses were readily 

detected in this source, although the type of negative 

stain was shown to markedly affect partic l e definition 

and spreading of material over the grid . The source plant, 

nature of tis s ue and age of infection also influenced 



the detection of viruses infecting daphne . The effect 

of negative stains on particle definition has also been 

noted by other wotkers (3~ 29 ). 
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Al fa lf~ mos~ic virus was readily identified by 

e lectron microscopy on the basis of particle morphology 

but t he specific ident i ty of the icosahedral viruses found 

in daphne was only obtained by applying other definitive 

t osts such as serology 9 vector transmiss i on and differ­

ential host reections. 

SURVEY METHOD 

An extensive survey was conducted during l a te 

winter and spring to c oincide with the flowering periods 

of most Daphne s pecies . Where possible unopened fl owers 

were i ndexed with young soft leaves being used onl y as an 

alterna tive. 

Representative samples of a ll a vail abl e symptom 

types were collecte d from each site in separate plastic 

bags and stored at 4 C until required . Sampl es from more 

distant nurseries were mailed and invariably arr ive d in 

fresh condition. 

In oc ula tions fr om daphne flowers were made using 

0.01M K-K2 phosphate buffer pH 7.0 while Yarwood's benton­

ite solution (35) was us e d with leaves . Grids for electron 

microsco py were prepared using neutral 2% AmMo with flower 

tissue and 2% PTA, pH 4 .O with all leaf tissue. 

Each daphne sampl e was inoculated to C. guinoa 

and an electron microscope grid prepared concomitantly. 

Grids were scanned for viruses within 1 to 2 days of 



pre paration, and enabled identificati on of D- TMV, DVX and DVY 

( 1 and 2 ) . 

1 1 

Cuc umb e r mosaic vir us was de tect ed b y t he a ppear ance 

of cha racte ris tic r us t y nec rot i c local l esions af t e r 2 - 3 days 

i n C. qu i n oa (Figure 4 ) . Bu r kwoodii sphere virus was de tect ed 

in C. qu i noa by t he a ppearance of 4 - 5mm chl or ot i c local l es ions 

7 - 12 days af t er i n ocul ation , but no s ys temi c r eaction was 

pro duc ed . Upon rein ocula t ion t o a sec ond C. qu i noa 1mm chloro t i c 

local l esions were produce d a ft er three days followed by systemic 

chlor otic blotc hes afte r 10 - 14 days . All other s a p- trans ­

mi s sible viruses from da phne produced s ystemic s ymptoms in the 

pr imary f · gu i noa, but of thes e only DVX (Figure 42) and DVY 

(Fi gure 3 9 ) could be ident i fied by their char acterist i c reactions . 

The s ys temic s ympt oms of A'MV , ArMV, LVV- 2 and TobRSV appeared 

i nitiall y as chlorotic nett ing at t he base of expanding te rm-

ina l leaves or over t he entire lamina of t he smal les t l eave s . 

Ne tte d area s s ubs equen tly de vel oped a bright - yellow a ppearanc e 

a nd s ome times necros is (Fi gures 6 and 7) . From each f . gu i noa 

showing the latte r symptoms , sys te mically i nfected tissue was 

s e pa rately inoculated to a second f . qu i noa with Yarwood ' s 

b e nt oni te solution a s this wor ke r re ported im proved t r ans mission 

with bentonite from another Chenopod i um s pecies (f . amaranti ­

c olor) . High conce ntrations of local l esions were produced on 

the s econd C. guinoa (Fi gure 5) and thes e were used as a source 

of vi rus for electron mic roscopy , inoculat ion to further 

hosts and serology . 

Grids were pre pared us ing 2:J/4 PTA , pH 4 . 0 and examined 

for the presence of AMV and icosahedral viruses . As well all 

isolates were inoculated to a series of differ ential hos t s to 

group the icosahedral viruses and se parate any virus mixtures 

whi ch may have been pres ent . 



Details of the differential hosts and their 

reactions are provided in Table 1. 
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Isola tes reacting on differential hosts in a 

manner typical for ArMV were run against Ar~T antisera 

kindly supplied by D:rs P. Fry, P.. Harrison -1.nd M. Hollings. 

Simil a rly TobRSV isola tes were checke d 2.£'.c.'..inst TobRSV 

antise ra from Dr. J.Uyemoto. Le uc anthe Vnr iegatn virus -1 

was masked by the presence of LVV-2 v1ith which it a l ways 

occurred. The me thod to sep2rato th9se two viruses in­

volved reinoculating infected systemic Q. guinoa tissue to 

a fu r ther Q. gui noa as soon as net symptoms appeared. This 

elimina t ed LVV-1 which syste mically invades C. g_uinoa more 

slowly. The latter virus wr:.s separated by inoculation to 

tobac co s pe cies in which hosts LVV-2 does not produce a 

systemic reaction. The survey method is summarized in 

Figure 1 . 

SURVEY RESULTS AND DISCUSSION 

The results of the survey of viruses infecting 

daphne are illustrated in Table 2 . 

The results show that D. odora contains a greater 

number of viruses than any of the other species tested, but 

this may be biased by the f act tha t a f a r greater number 

of specimens of D. odora were indexed. Viruses only found 

in this species include AMV, ArMV, LW-1, LW-2 and TobRSV. 

Leucanthe Variegata viruses -1 and -2 were only found in 

specimens of~- odora 'Leucanthe Va riegata'. 

Daphne virus Y was common in several Q_aP,hne 

species, DVX was prevalent in D. cneorum while BurkSV was 



TABLE 1 

Host 

Cowpea 

Havana 423 

Nicotiana 
cleveiandii 

Differential hosts for daphne viruses producing systemic net symptoms 
in C. quinoa 

AMV 

necrotic local 
lesions with 
irregular out­
line; no syst­
emic infection 

chlorotic local 
lesions with 
etched necrotic 
flecks; systemic 
mosaic 

local chlorotic 
blotches; syst­
emic vein-net 

ArMV 

chlorotic local 
lesions; systemic 
chlorosis then 
necrosis 

local deep-green 
or yellow ring­
spots; no systemic 
infection 

symptomless or 
mild systemic 
chlorosis 

Virus 

LW-2 

no infection 

symptom.).ess local 
infection; no 
systemic infect­
ion 

TobRSV 

ditto ArMV 

chlorotic local 
lesions; syst­
emic chlorotic 
blotches or 
•oak-leaf• 

necrotic local 
lesions; syst­
emic chlorosis 
and severe 
necrosis 

..... 
(.,J 



burkwoodii 
sphere virus 

DIFFERENTIATION OF VIRUSES 
INFECTING DAPHNE 

DAPHNE 
PLANT 

SAP TRANSMISSION SQUASH HOMOGENATES 

CHENOPODIUM 
QUINOA 

cucumber 
mosaic virus SYSTEMIC NET 

ON C. QUINOA 

SQUASH HOMOGENATES 

ELECTRON 
MICROSCOPE 

ELECTRON 
MICROSCOPE 

ROD VIRUSES 

daphne 
virus X 

daphne 
virus Y 

BACILLIFORM VIRUS ICOSAHEDRAL VIRUSES 

alfalfa 
mosaic virus 

leucanthe variegata 
virus - 1 

DIFFERENTIAL 
HOSTS 

SEROLOGY 

leucanthe variegata 
virus - 2 

arabis 
mosaic virus 

tobacco 
ringspot virus 
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daphne-tobacco 
mosaic virus 

Figure 1 Flow diagram of the procedure used to differentiate viruses infecting daphne. 



TABLE 2 Viruses detected in Daphne species and cu.ltivars 

Daphne species !Number Virus Free of 
detect-or cultivar tested Burk I . 

Tob able AMV ArMV CMV D-TMV DVX DVY DVY-1 LW-1 LW-2 sv (EM)-* RSV viruses 

Daphne odora Thunb. 
•Leucanthe' 356 1 33 59 8 2 336 1 36 3 11 
1Leucanthe Alba• 7 1 7 1 
1Leucanthe Variegata' 59 5 27 1 3 43 8 
•Rubra' 72 5 47 11 21 
'Rubra Variegata' 6 5 1 

Sub totals 500 1 33 70 8 2 422 148 3 43 3 42 

Daphne burkwoodii 
Turrill 

•somerset• 37 1 37 
'Variegata• 20 1 3 20 

Daphne cneorum 1. 

•Eximia' 3 3 
•Majori 30 1 30 16 1 

•variegata• 19 1 19 2 

-> 

continued over..... V1 



TABLE 2 Viruses detected in Daphne species and cultivars - continued 

Virus Free of 
Daphne species Number detect-
or cultivar tested 

AMV ArMV Burk CMV D-TMV DVX DVY DVY-1 LVV-1 LVV-2 Tob able 
sv (EM) * RSV viruses 

Daphne blagayana 
Freyer 2 2 

D. collina Smith 1 1 

f?.• x dauphinii 
Hort. 3 1 1 2 

D. ~enkwa Sieb. 
zucc. 14 14 

D. giraldii 
Nitsche 1 1 

D. laureola L. 1 1 

D. mezereum L. 2 2 

D. mezereum 'Album• 1 1 

D. x neo~olitana 
- Lodd. 11 11 

D. retusa Hemsl. 7 4 3 -
Q• tan~tica Maxim. 3 3 

Totals 655 1 34 1 3 72 9 54 514 149 3 43 3 71 
~ 

°' • 

*DVY(EM) - detected ,vith electron microscope 
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only detec t od in _Q. burkw 9_odiL Cucumber mosaic vi rus was 

fo und in D. odora a nd a l so in singl e spec i mens o f D. cneorum - ------ -- --

and D. burkwoodi i. The l m'v i nc idence o f c rviv in Ru bra 

compnr ed wi t h Leucant he sugges t s t hat Leucanthe is more 

susceptibl e t h'.:m Rub r a t o CMV and that even wi tl1 the us e 

of 1 clean' pl anting s t ock i n f ec t i ons of this vi rus will 

s t ill pr esent some pr obl ems t o gardeners . 

Species f r om which virus c ould not be de t ected 

include 12 · ge nl.~~~ 1 12· coll ina 9 D. meze r eum a nd D. tangy t ica, 

although only a small number of sampl es of e ac h we r e t ested. 

A f ew s pecime ns of othe r gene r a of the Thyme l aeaceae 1 

Edgworthia a nd Pi rne lia~ we r e also free of de t e ctable 

viruses. 

~ilbr a th a nd Young (2 0 ) c onducted a s ur vey of 

45 s pecimens of D. ador n . The y r eported lOCP/4 infection 

with CMV and at l east 33% with AMV. Thes 8 results are 

in contrast wi th those from the pr esent study 9 CMV occurr­

ing in only 14% of D. odora and AMV be i ng found only once. 

Furthermore these authors did not de tect viruses in D. 

cneorum. 

During the survey samples were collected from 

both nurseries a nd home gardens as it was believed that a 

comparison of the incidence of viruses in specimens from 

the two sources could provide information on the origin of 

viruses in daphne. The results of the survey revealed a 

difference in virus incidence between nursery and home 

garden specimens of Leucanthe. No other species or cult­

ivars were considered because of insufficient numbers. 

Results are presented in 'rable 3. 



TAELE 3 Incidence of viruses in home garde n 2nd 
nurs e ry spe cimens of Leuc an the 
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··=-====-==No . of - - . . Free of 

speci ____ _ ______ ___ Vi~~-~- --.·•·--· ·- ·-· ___ detect-
mens able 

-- -- -~ ---··-·- tcs t_q_d ---~-1:!, ______ _ Ar_~''.!_ .. __ __ _ c_~~~ ... _,.._~Y:. -~ .~.:'-~RS V viruses 
Source 

Home 
gardens 

Nurseries 

63 

293 

2% 

re•' 
VIC 

57Jl 94% CY/4 

8% 94% 1% 

The results in Table 3 reveal that CMV was the 

only virus in Leuc anthe which increased appreciably in 

incidence (48'/4) in garden specimens. This result is 

probably not surprising considering the many sources of 

CMV and number of vector aphid species. On the other 

5% 

3% 

hand no a ppreciable difference in the incidence of the 

nepoviruses ArMV and TobRSV was detected between nurseries 

and home gardens suggesting tha t the use of 'clean ' stock 

would provide effective control of these viruses. The 

high incidence of DVY in both nursery and home garden 

specimens of Leucanthe precludes any conclus i on as to 

whether this virus has a major reservoir in nature, other 

than daphne. 

Sensitivity of methods. Viruses in this survey were 

detected and identified using indicator plants, serology 

and electron microscopy. 

(i) Indicator plants. These proved to be a very sensitive 

method for virus detection. Daphne virus Y and ArMV could 

be detected ~n C. quinoa at dilutions of 10-6 and 10-5 
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respectively from daphne flowers . Che~ocJ.ium amaranti­

co~or and C. quiE,Oa were both found to be sensitive primary 

indicator hosts of CMV from daphne leaves and were among 

the few hosts of DVY-1. For virus identifica tion however, 

C. amaranticolor does not react characteristically with 

DVY-1 or CMV , loc al lesions of the l a tter taking 3 to 5 days 

to appear. In contrast both viruses produced characteristic 

l ocal lesions on£. _g_u inoa, those of CMV appearing 2 to 3 

days after inoculation. This was the only virus t o react 

in l ess than 4 days thus enabling separation on time to 

raact as well as type of r eaction. Che_no podium guinoa 

was also favoured bec ause it is easy t o grow , has a rel­

at ively long period of sensitivity a nd is susceptible to a 

large number of 'woody plant' virus es (in this survey five 

viruses pre viously unrepor t ed on daphne were first detected 

on C. quinoa). Hollings (14) noted tha t C. amar~-~~col or 

is susceptible to a wider range of viruses than£· _g_uinoa 

but that the l a tter contains l ess inhibitory material . 

This was an important consideration enabling direct trans­

mission from£ · quinoa to additional hosts for further 

characterization . 

(ii) Electron microscopy . The electron microscope was 

essential for detection of rod viruses, as isolates of 

DVY-2 and D-TMV are not sap transmissible and the reactions 

of both DVX and DVY-1 are masked on£· quinoa in the 

presence of other viruses causing chlorotic local lesions. 

The method was very r apid , scanning of each grid requiring 

only 1 to 2 minutes. 

In experiments with potato viruses, Sam.IBOn and 



Taylor (23 ) re ported that although test plants were the 

most sensitive virus indicators, rod viruses could be 

detected by electron microscopy in high concentratic·ns 
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in field material. Using their technique DVY could be 

observed in daphno flower sap at dilutions of 1 :20,000 and 

the f eet that this virus was detecte d in the gre a t majority 

of Leucanthe pl2nts indexed also suggests the method is both 

sensitive and reliable. Besides the sensitivity of e l e ctron 

microscopy for virus detection, it is also c ons idered an 

accurate me thod for separation of rod virus groups . 

Brandes (5) stated that he was able to distinguish between 

elongated viruses whoso normal lengths differed by no more 

than 10 - 20 nm. Also Sampson and Taylor (23 ) were able to 

distinguish potato viruses X, Y, and Mon size and morph­

ology as could Brunt a nd Atkey (6) with 3 filamentous 

viruses fr om narcissus. More recently however environmenta l 

conditions have been shown to af fe ct the l ength and morph­

ology of rod viruses. Moore and Guthrie (21) found that 

the normal length of potato vir us X was influenced by air 

temperature with virus particles in several plants grown 

at 40 C 2 to 5 times longer tha n those in plants grown at 

20 C. Govier and Woods (12) noted a marked 'environmental' 

influe nce on the potyviruses henbane mosaic virus (HMV) 

and bean yellow mosaic virus (BYMV). Particles of the 

former in extracted sap were 900 nm long and straight in 

the presence of magnesium but were shorter (800 nm) and 

flexuous when exposed to EDTA . A host-dependant variation 

in length of BYMV has also been noted (31). 

The possibility of such length variations 



accentuate the need to approJch the electron microscopic 

identification of flexuous rod viruses with care. 
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Daphne viruses X and Y however, differ suffic­

iently in lengt h and morphology to be c onfidently dis ting­

uished using electron microscopy (Figure 46 ). This was 

illustrated when f resh electron microscope grids were pre­

pnred from D. cneorum specimens which, during normc1.l 

surveying, had been noted to contain DVY alone, DVX alone 

or a mixture of the two. One hundred and sixty-five 

particles from the first had a single normal length of 491 

nm. Similarily 62 particles from the second had a single 

normal l ength of 751 nm while in the s pecimen noted to 

c on t ain both viruses two modal peaks 503 nm (1 3 1 particles 

measured ) and 73 9 nm (73 pGrticles meas ured) occurred 

representing the 2 distinct virus groups . This separation 

was c onfirmed on the basis of othe r definitive t ests 

(summarized in Tabl e 8 ). 

Antisera to AMV w0s not available and the virus 

was identifi0d by electron microscopy from crude sap rather 

than by differential hosts 2..s different strains vary widely 

in their host range and reactions. 

Limitations _of surveJ_meth~~- Although sensitive detection 

methods were used in this survey there are seve r a l limit­

ations affecting the results obtained . Firstly the methods 

were originally designed for detection of AMV? ArMV, CMV 

and DVY these being the vir us es previously r eported in 

]}lphne species or initially found in this study. However 

as other viruses were detected the method was altered to 

finally include BurkSV, D-TMV, DVX, LVV-1, LVV-2 and 
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TobRSV. Da phne virus X was recognised l a t e in the survey 

and prior to this, electron microscope grids were scanned 

only for 750 nm rods, s horter par·ticles being considered as 

fragments. Daphne-TMV was a lso found late in the survey 

and occurred in such l ow concentrations that it w~s undoubt­

edly overlooked many times, as was the complex of LVV-1 and 

LVV-2 which was elucidated after the survey with only a few 

specimens being rechecked for the presence of either or 

both viruses . A simil::i.r situa tion occurred for BurkSV. 

Secondly the use of single primary indic D. tor hosts 

and electron mic rose opy would not neccss2.rily de tee t non 

sap-tra nsmissible viruses, other microorganisms or icosa­

hedra l viruses or strains of such viruses not infectious to 

C. g_uin oa. For exampl e isol-'J.tes of ArMV from .Q_l.E_l].om2.n_~!:_§!: 

bet~cae (C .:i.v . ) Sendt. (tnmarillo ) were not infectious to 

_Q . g_y.inon (32) and TobRSV is reported to be rare ly systemic 

in _Q. _g__uinoa (27, 28) and thus may be: more prevalent than 

the figures in Table 2 indicate. Isolates of A"t-f\J, ArMV, 

LVV-1 and LVV-2 not systemic in C . .9...~ino~ would also have 

been overlooY.ed. 

Finally it is possible that viruses could have 

been missed in this survey due to variability in sensitivity 

of individual Q• guinoa plants or because distribution of 

v irus in the source plant was incomplete (a phenomenon 

known for ot her woody plants ). 

VIRUS SYMPTOMS IN DAPHNE 

Because no virus-free plants were available for 

inoculat ion with a known virus or virus combination,al l 
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comments on sym ptoms are based on the correlat i on between 

indexing re s ults and t he s y mptoms of the plants i n ques tion . 

During the s urvey sy mpt om ty pes we re recorde d from each s ource 

togethe r with de t ails o f whethe r the plant was gr owing in 

full sun or s hade . 

With few ex c ept i ons vir u s d i s ease sym ptoms were 

only n o ted on cult i vars of D. od ora . A range o f l e af symptoms 

was noted on virus-infected Leucanthe plants and the se we r e 

categori zed i n t o f our ty pes, namely: 

( i ) symptomless 

(ii) mild mosaic 

- no obvious sympt oms, leaves 

long and s trai ght; 

l e aves wi th a f e w pale - green 

streaks or blotches; 

(ii i ) seve re mos a i c - ligh t-green a r eas over mos t o f 

eac h le a f blade givin g a r e gular 

( iv) necros i s 

mosai c a nd in some cases s cattered 

orange b lotc hes . Us ually 1 - 2mm 

sunk e n s r ots , c h lorotic st r eaks 

(some times between normal - green 

lateral veins and at other times 

a s 1 - 2mm wide latera l ve in bands ) 

or irregular chlorotic b lotches 

and rings on dis eased lea ves. 

(Figures 2 - 3) . 
necrotic flec ~s occas i onally 

found, usually in centre of light ­

green or orange blotches (Figure 3). 

Flower symptoms on severely affected plants 

occurred as a cons iderable reduction in flower size together 

with a loss of flower brilliance and unevenness of colour 

in the form of off-white or grey blotc hes on the petals . 
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Plants often displayed varying degrees of decl ine 

including a general reduction in leaf size and thin leathery 

le a ve s (generally associated with severe mosaic ), l eaf curl­

ing~ excessive defoliation during autumn and winter and death 

of single limbs or whole plants . Flowering on decl i ning 

plants was often delayed with production of small pallid 

flowers which failed to open completely. 

Often symptoms were most striking in growth 

associated with the spring fl ush or in other cases during 

the hot summer months . In both case s symptoms were noted 

to re cede partia lly or completely during winter. 

Da p_!lne odora ' Rubra ' plants usually showed symptoms 

similar to those on Leucanthe . Slight twisting and rugosity 

of leaves was common on t his cultivar and leaves we r e often 

small and narrow with irregular margins . 

A similar range of symptoms was noted by other 

workers. Milbrath and Young (20 ) f ound virus in symptomless 

and diseased pl ants while Chamberlain and Matthews (8) re­

ported virus only in plants displaying symptoms. The latter 

authors also noted that symptoms were associated with young 

growth and Chamberlain (7) recorded stunting of plants, 

rosetting near the shoot apices and twisting and distortion 

of the leaves. In the present study Rubra specimens free 

of detectable viruses also displayed twisting which was 

usually associated with the presence of a phids. The severe 

symptoms recorded on D. mezereum by Smith (26) which in­

cluded distortion and necrosis were not found but single 

branchlets of only 3 specimens were observed. 

An attempt t o correlate symptom types on D. odora 
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with particular viruses was restricted as DVY was the 

only virus commonly occurring alone. Other viruses almost 

always occurr ed in combinations as illustrated in Table 4. 

Virus combina tions in Leuc anthe and Rubra 

·- - - - -·-----· · .... ---· ... .. - ... ·~ -··- ·- -· --- ----J•-·-·. -···- --- ·--... --- .......... ~ ·-···, ·, ... .. .. ,.. .... . ...... ... . -... __ _ 

Cultiva r 
Nvmber 

t ested CMV 

Virus combinations Fre e of 
detect­

ArMV CMV ArMV CMV able 
DVY DVY DVY £-tJ¥ Togi!v viruses 

--- ·- · ·-·· ·-- --- - - . ~ -- - - ····-· • - . . ·- -·- ---·- ·- -··· ·· • .. . .. • •• - -... - -- -----

Leucanthe 354 3 263 25 43 10 2 1 1 

Rubra 72 4 40 3 0 0 24 

The pr edominance of pl ants infected with only one 

virus (DVY) possibly reflects roguing or death of the most 

severely diseased. Plants infected with DVY-1 alone and 

grown in an unshaded environment often showed a light 

green mosaic, blotches and streaks (Figure 2). Plants in­

fected with DVY-2 alone however usually displayed only mild 

symptoms or were symptomless (most species other than 

D. odora only contained DVY-2 and lacked symptoms). Often 

plants with the most severe mosaic symptoms and those plants 

in the state of decline were infected with CMV (Figure 3) . 

In one instance, for example, where 8 D. odora Leucanthe 

plants were growing in close proximity to each other, 6 

plants infected with CMV and DVY-1 were much more severely 

diseased than two plants infected with DVY - 1 alone . 

Necrotic flecks and orange blotches on leaves 
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and blotches on flowers could not be associated consistently 

with any particular virus and a totally consistent correl­

ation between virus and symptoms was not found. Furthermore 

in one instance a single~- odora plant had l ight-green 

mosaic on lea ves of one limb but no virus could be detected. 

While recognising that decline symptoms in daphne 

could be caused by other f actors such as fungal root rots 

(e . g. phytophthora), agents such as mycoplasmas or poor 

cultural conditions (e. g . water stress), it is highly likely 

that virus does play an important part in the development 

of these conditions . 

Environmental __ influence __ on_ s_ym:r~oms 

Daphne species are considered by some writers to 

prefer cool or shaded conditions (1; 9 ) and it was in this 

habitat that pl a nts often exhibited mild symptoms or were 

symptomless. For example, in one nursery Leucanthe plants 

infecte d with DVY-1 alone and maintained in a permanently 

shaded greenhcuse, produced large symptomless leaves and 

flowers . However cuttings propagated from this source and 

subsequently grown in open fields exhibite d severe leaf 

mosaic and indexing again only revealed DVY - 1. 

A comparison of the degre e of severity of foliar 

symptoms in Leucanthe plants grown in shade with those 

in full sun is presented in Table 5. 



TABLE 5 Effect of growth situations on the symptom 

expression of Leucanthe infected with DVY-1a 
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=-.-...=--:.::-:.::· ---------..-- •-=---= ::..::.:.::_:.:::::--=..-::::.._- ............ _ . __ .... - - --•- .. ,-.. . .. ~--- --~ .. : ... --····-· ~-----

Total Severity of foliar symptoms 
Situation plants 

tested 
Symptomless 

or mild 
--_,_ . - -----·- ·. -·--· ___ ,. _ ... .. ... ... -- - - ~ 

b Shade 

Sun 

8~-

105 

93% 

CY/o 

Severe 

7% 

1 OCf/4 

a plants infected with DVY-2 were excluded as they 

were symptomless in all environments. 
b less than 1 - 2 h direct sunlight per day 

These results indicate a strong correlation 

between degree of symptom severity and growth situation 

and emphasize that symptoms are an unreliable guide to 

the virus status of a plant , 



BIBLIOGRAPHY 

1. Bailey, L.H. (1943). The Standard Cyclopedia of 
Horticulture. The MacMillan Co ., N.Y. 

2 . Bean, W ,.__T. ( 1 973). Trees and shrubs Hardy in the 
British Isles . (Taylor, Sir G., general ed.) 
Vol I I 8th Edn. Butler and Tanner Ltd., Frome 

and London. 784pp . 
3 . Bradley, D.E. (1 962). A study of the negativ8 

staining process. J . gen. Microbial. 29 : 

503-16. 
4. Brandes, J. (1957). Eine elektronenmikroskopis che 

Schnellmethode zum Nachweis faden- und stabchen­

fo rmiger Viren insbesondere in Kartoffeldunkel ­
keimen . Nachr. bl . Deut. Pflanzenschutzdienst 

(Braunschweig ) 9 : 15 1-2. (reported by Brandes , 

1966) 

28 

5. ( 1966 ). Identification of pl ant viruses 
by electron microscopy. pp2 18- 229 . In Viruses of 

Plants (Beems ter, A .P .R. and Dijkstr&, J, eds. ) 
Nth- Holla nd Publishing Co., Amsterdam. 

6. Brunt, A.A. and Atkey , P.T . (1967 ), Rapid detection 
of narcissus yellow stripe and two other fil ament­
ous viruses in crude negatively stained narc i ssus 
sap. Rept . Glasshouse Crops Res . Inst. (1 966) : 

155-9-
7. Chamberlain, E.E. ( 1954 ), Plant virus diseases in 

New Zealand . N.Z. De pt . Sci. I ndust . Res. Bull. 

8 . 
no. 108 . 

and Matthews R.E.F. (1941). A 
virus disease of cult ivated daphne. N. Z. J. Sci. 
Tech . 23A : 254-6 , 

9 , Chittenden , F.J. (1 951 ). The Royal Horticultural 
, 

Socie ty Dictionary of Gardening. Clarendon Press, 
Oxford. 



10. Finlay, J.R. and Teakle, D.S. (1969). The effect 

of pH on the particle stability of a phospho­

tungstate-stained tobacco necrosis virus. 

J. gen . Virol. 5 : 93 -6, 
11. Gibbs, A.J., Nixon 9 H.L. and Woods, R.D . (1963 ). 

Properties of purified preparations of lucerne 

mosaic virus. Virolor,y 19 : 441-9. 

29 

12. Govier, D.A. and Woods, R.D. (1971). Changes induced 

by magnesium ions in the mor~1ology of some plant 

viruses with filamentous particles. J. gen . 

Virol. 13 : 127 . 
13 . Hitchborn, J.H . and Hills, G.J. (1965) , Electron 

microscopic examination of wild cucumber mosaic 

virus in negatively stained crude pre parations . 

Virology 26 : 756-8. 
14, Hollings, M. (1966) . Local lesion and other test 

plants for the identification and culture of 

viruse s . pp 230-41 . In Viruses of Plants 

(Beemster, A.B.R . and Dij kstra 9 J., eds.) Nth. 
Holla nd Publ. Co., Amsterdam. 

15. Hull 1 R. J Hills, G.J. and Plaskitt, A. (1969), 
Electron mi cros co py on in v ivo aggrega tion forms 

of a strain of alfalfa mosai c virus. J. Ultra­

struct. Res. 26 : 465-79. 
16 . Jha, A. (1961). Arabis mosaic virus in strawberry . 

J. hort. Sc i. 36 : 219-27. 
17. Klinkowski, M. and Uschdraweit , H.A. (1968) . Die 

Frieland primelvirose (staudenvirose) pp 169-70. 
In Pflanzliche Virologi8~ Vol. II (Klinkowski , M. 
ed.). Akademie - Verlag, Berlin. 

18 . Lister, R.M. (1970). Arabis mosaic virus . p 38 . 
In Virus Diseases of Small Fruits and Grapevines, 
(Frazier, ed.) . Univ. of Calif., Div. Agr. Sci. 

19. Matkin, 0.A., and Chandler, P.A. (1957). The U·.C . -

tyfB soil mixes, pp. 68-85. In The U.C. system 
for producing healthy container-grown plants. 

(Baker 1 K.F ., ed.) Calif. Agric. Exp. Sta . Manual 
No . 23. 



30 

20 . Milbrath, J .A. and Young , R . A . (1 956 ). Cuc umber 
mosaic virus and alfalfa mosaic virus from Daphne 

odora . Plant . Dis . Re ptr . 40 : 279- 83 . 
2 1. Moore , L. W. a nd Guthrie, J .W. (1 965). Ef f ect of 

i ncubation t emperature on l ength and infectivity 
of potato virus X par t icles in four hos t species . 

Phy topat hol ogy 55 : 607-11. 

22 . Quantz, L. (1 968 ). Das Luzernemosaik . pp . 129-1 3 1. 
In Pflanzliche Virologie . Vol . I . (Klinkowski , ed . ) . 

Akademieverlag , Berlin. 

23 . Sam Pson , P.J. and Taylor , R.H. (1968 ). A comparison of 
the electron microscope , microprecipitin t ests , and 
indicator plants for the detection of potato virus es 

S , X, and M. Phytopathology 58 : 489- 93 . 
24. Schmelzer , K. (1 968 ). Das Seildelbastmosaik . p p . 

256 - 7 . In Pflanzliche Virologie . Vol . I I . (Klinkowski , 

M., ed .). Akademiever l ag , Berl i n. 

25 . Schroeder , W.T. and Provvident i , R. (1 972) . Alfal fa 
mosaic virus in Ajuga re ptans . Pl ant Dis. Peptr. 

56 : 285 . 
26 . Smith , K.M. (1 952) . Some garden plants susc ept ible 

t o infection wit~ cucumber mosa ic virus . J. Roy . 

Hort. Soc . 77 : 19- 2 1. 

27 . _____ _ (1 972 ). A textbook of Plant Virus Diseases . 

28 . 

29 . 

3rd Edn . Longman , London. 

S t ace -Smith, R . (1 970) . C.M.I./A. A.B. 
of Plant Viruses , No. 17. Tobacco 

Stone , O.M. and Hollings , M. (1 973). 
of pelargonium flower-break virus. 

75 : 15-23 . 

Descri ptions 
rings pot vi rus. 

Some properties 
Ann. appl. Biol . 

30 . Sweet, J.B. and Campbell, A. I . (1 973). Sur vey of 
viruses in hardy ornamental trees and s hrubs. 

Rep . Long Ashton Res . Stn . for 1972. p. 43. 

3 1. Taylor, R.H. and Smith , P . R. (1968 ). The relationship 
between bean yellow mosaic virus and pea mosa ic 

virus . Aus t. J. biol. Sci. 21 : 429-37-
32 . Thomas , W. and Procter, C. H. (1972). Arabis mosaic 

virus in Cy phomandra betaceae Sendt . N.Z. J. 

Agr. Res . 15 : 395-404. 



33 . Uschdraweit , H.A. and Va lent in , H. (1959). Ein 
neues Virus an Zier- und Wildstanden. Phytopath . 

z. 36 : 122 -30. 
34. Walkey, D.G.~. and Webb, V,J.W. ( 1970). Tubular 

inclusion bodies in plants infected with viruses 

of the NEPO ty pe. t7 . gen . ViroJ. 7 : 159-66. 
35. Yarwood, C.E. ( 1972). Virus transmission from 

Chenopodiurn a.rnaranticolor. Plant Dis . f1e ptr . 

56 : 1085-6 . 

31 



FIGURF 2 : Leucanthe leaves infected with DVY - 1 . 
Symptomless leaf on r·ght from shaded por tion 
of ~ame plant . 

FIGURF. 3 : Leucanthe l eaves infe c ted with DVY -1 and CMV . 
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FIGllRE 4 : Local lesions o f CMV in C . guinoa , t hree days 
after infection . 
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FIGURE 5: Local l es ions of LVV- 2 in~- quinoa , fiv e days 
aft e r infection . Identical s ym ptoms are produced 
by AMV, ArMV , DVY -1 and Tobl<SV. 



FIGUbE 6 : Systemic net reaction produced by LVV - 2 in 
C . quinoa seven days after infection . 

FIGU?E 7: Sys te mic necrosis on the same plant 10 days 
after infection . 

Identical symptoms are produced by AMV , ArMV 
and Tob RS V. 
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CHAPI'ER 2 

CHARACTER IZATION OF VIRUSES 
-~~ --•--=- ....,,....,.. __ ,_. --- ___ .,.,..,. _, ~-- _, ... . - ---· _.. ......... -

I NFE CT ING DAPHNE 

The viruses found in various Daphne sp0c i ss 

during the present study are the subject of this ~~ctioil. 

Each was characterized by various combinations of t cstE 

involving host range, particle morphology, vector trans ­

mission9 physical properties and serology. General 

materials and methods common to the va~ious sections are 

presented herein . 

Materials and methods 

Propagation and inocula tion of planU_; ~ 0erolog 0
• 

and electron microscopy a re as for Chapte~ 1. 

The antisera for serological tests were kindly 

supplied by: Drs. P.R . Fry; B .D. Harrison; M. Hollings 

(ArMV) : Drs . E. van Slogteren; J.K. Uyemoto (CMV): 

Dr. J . K. Uyemoto (_?_run.,£§. necrotic rings:pot virus) : 

Dr. J.K. Uyemoto (toma to aspermy virus 9 chrysant'1emuE1 

isolate) : Dr. J .K. Uyemoto ( tomato rings pot virus). 

Centrifugation for purificatir:m was conducted 

using an ' MSE Superspeed 65 ' centrifuge . Unless othe rwise 

s t a t ed purified preparations were examined in the e lectron 

mic roscope after mixing 1 : 1 with negative stain and 

nebulizing onto grids. 



Aphids for vector studies were maintained on 

Chinese cabbage L Myzus persicae (SuJ z. )_7 or .f . ..9..1:J-inoa 

LAulacor thurn circumflexum (Buckt .)_7. They were removed 

from plants with a small? moist artists brush and placed 

on moist filter paper in petri dishes f or preacquisition 

starvation. 
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CUCUMBER MOSAIC VIRUS (R/1 1/1 8 S/S : S/Ap) 

Cucumber mosa.ic virus is a member of the 

cucumovirus group which includes tomato aspermy virus 

(including chrysanthe mum strains ) and peanut stunt virus. 

At least some strains of each virus are distontly ssrolog­

ically related (97) and a l l ha ve icosahedral particles 

(ca. 30nm)] a thermal inactivation point of 60 - 70C? 

a l ongevity in vitro of a few da ys and a very wide natural 

host r a nge. The viruses are transmitted in o non-persistent 

manner by many species of aphid ( 53). 

In this study CMV was commonly detected in D. 

odora and on single occasions in D . .£_!}8_QE .. ~1E and D. burk­

wooJ.ij_ res re c ti vely. The virus w&s identi fi8d from results 

on particle morphology and size, aphid transmiss ion, host 

range and re a ctions 1 and serol ogy as reported in the 

following sections. 

Host range 

Seven isolates of CMV from daphne were each 

inoculated to differential hosts. Tobacco le~ves ground 

in 0 .1 M K-K2 phosphate 5 pH 6.0 (29) were used as inoculum . 

Caryo:phyllaceae 
Dianthus barbatus L. 'Indian Carpet' (sweet­

william) : off-white or fawn ne erotic specks (2-3 days) 

which expand to 5-lOmm lesions composed of concentric fawn 

rings (Figure 9). Mature leslons assume a 'target-spot' 
appearance. No systemic infection . 
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Chenopodiaceae 
Be to. vul~_.:::i.r i?. L. 1 Yates Early 11/onder 1 

( r ed beet) : 

some isolates produce discrete chlorotic local lesions (6 
days) clearly defined by a reddish ring which becomes 

diffuse. Other isolates produce mild chlorotic blotches. 

No systemic infection . 

Chen9.?odium amaranticolor Coste & Reyn. : when 

in high c oncentrations 0.5-lrnm chlorotic locnl l esions con­

taining pinpoint white necrotic centres are produc ed (3-5 

days ). 1Uhen sco.ttered these nppe-'lr as 2-_3min necrotic local 

les ions with a chlorotic halo. No systemic infe ction. 

Cheno:oodium _g_uinoa Willd.: light --yellow or 

orange l esions on inocul2ted l eaves on uppe r parts of the 

plant (2-3 days) or slightly depressed 1mm water -soaked 

necrotic s pots on first produced l eaves which quickly become 

necrotic (2 days). The chl oro tic lesions always contain 

rusty necrotic a r eas which exist as a small irregularly 

shaped central dot, a ring near the periphery, or may 

inc lude most of the lesion l eoving onl y a chl orotic halo 

(Fig1-.1re 4 ) . Tip h::i.lf of lea ves often be comes dessicated 
with an advancing chlorotic band . No systemic infection. 

§_pJ--nac_ea oleracea L. 1 Roya l Dennw.rk' (spinach) : 

different isolates produce diffuse chlorotic local lesions 

(5-7 days) which become necrotic or mild l ocal chlorosis. 

Syste mic interveinal chlorosis (6-8 days) with normal 
green veinlets giving a net-effect. Leaves become twisted 

and strap-like . 

Curcubitaceae 

Ci trullus _yu!.£_ari~ Schrad. 'Cannonball' (water­

melon): 3-4mm necrotic loc al lesions with a spreading 

chlorotic halo. No systemic infection. 

Cucumis melo L. (cantaloupe): chlorotic local 

l es~ons (2-3mm) on cotyledons (3-4 days) expanding to give 

general chlorosis. Systemic pale-green flecks and blot­
ches ( 5-6 days). 
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Cucumis s2tivus 1. 'Marke te r ' and '.Short Green 

Prickly ' (cucu L~be r) : d.1f fuse chlorotic loc a l l esions on 

cotyledons (/+ days) expancU.ng to 5-6mm or more and ex tend­

ing along ve ins causing chlorotic vein-banding. Systemi c 

symptoms (8-12 days) including vein -clearing and pale ­

green or bright-yellow blotches. 
Cucurbita maxima Duch. ' Buttercup ' ( pumpkin) : 

faint chlorotic or necrotic locnl l esi ns on cotyledons 

(7-10 days) e xpanding t o 5-6rnrn b l otche 2 or rings . Mos t 
isolates rarely or nevor produce sys temi c symptoms but when 

produced occur as large orange blotches with leaf twisting, 

distortion and stunting . 

Cucurbi t <=:': ~? L. 1 Small Sugar' ( pumpkin): 2-3mm 
chlorotic loc a l l esions on cotyledons (4-7 days) . Systemic 

light - green fl ecks which develop into large chlorotic blot­

ches . Distortion and downcurling of l eaves . 

Momordica balsamina 1. (bnlsam-apple): chlorotic 

loc al l es ions (5-6 days ) ex panding to 5-lOrnm. No syste mic 

infection (3 CMV isolates tested). 

1eguminosae 

Dolichos l abl ab 1 . : large chlorotic loc a l blotches 

or rings (3-6 days). Some isolates produce systemic mild 

mosaic with extreme reduction in l eaf and plant size. 

Phaseolus vu~garis 1. ' Bl a ck Turtle', 'Ped Kidney 1 

and 'Scotia' (French bean): pinpoint necrotic loc a l lesions 

(2-3 days) . No s ystemic infection . 

Pisu~ satiy~ 1. ' Bonneville ' (garden pea) : 
different isolates produce chlorotic or necroti~ local 

lesions (5-6 days) or no local reaction. Systemic symptoms 

include chlorotic blotches, necrotic flec ks , blackening of 
the stem (usually beginning ab out 1mm from the tip) and 

plant death. 

Greenfeast : necrotic rings or 
irregular patches of veinlet nec r osis on inoculJted leaves 

(4-6 days ) which become dessicated and abscise. Mild 

systemic mottle which later recedes or is followed by apical 
necrosis and death . 



Vign~ cylindrica (L.) Skeels : reddish-brown 

pinpoint local lesions (2 -3 days). No systemic infection. 
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Vigna sinensis (Torner) Sa vi. 'Bl2.ck0ye 1 (cowpea): 

water soaked or necroticj slightly depressed lesions on 

inoculated cotyledons (2-3 days) which expand to 1mm dark 

reddish-brown local les ions with a regular outline. No 

systemic infection . 

Solanaceae 
C§:_£sicum fru tesc_ens L. 'Sweet Capsicum' (pepper): 

inoculated leaves are ei ther symptoml ess or produce 

chlorotic vein-banding or blotches. Mild systemic chlorotic 

blotches 1 downcurling of l eaves and stunting of growth. 

Lyco£ersicum esculentum Mill. 'Potentate' (tomato): 

marked interveinal chlorosis is produced by some isolates 

followed by slight then severe strapping of leaves but 

some other isolates produce only mild chlorosis. 

Nicotiana clevelandii Gray: inoculated l eaves 

b0comc slightly puckered (4 days) . Some isolates produce 

faint chlorotic l ocal lesions. Systemic chlorotic vein-net 

or yellow-green cast (5-1 0 days ) . 

Nicotiana .8l-21tinosa L.: di fferent isola t es pro­

duce scattered chlorotic local lesions (5-8 days ) or no 

loc al re action . Systemically infected areas (8-12 days) 
ar8 light - green or ye llow-green with prominent chlorotic 

veinlets giving a vein-net effect. 

Nie otiana t~~ncum L. 1 Havana. 423 ' (tobacco) : 

3 -4mm chlorotic local lesions (4 days) with irregularly 

scattered etched necrotic dots. Systemic chlorotic vein­

banding and blotches (6-9 days) which develop into a 

severe mosaic. Some isolates also produce scattered etched 

dots in systemic areas. La ter l eaves symptomless. 

Sam.sun: .1 cm chlorotic 

blotches (4 days). Etched necrotic dots on older inoculated 

leaves often forming a pattern of one or more concentric 

rings (Figure 10) while younger inoculated leaves often 

display only chlorotic blotches or rings. Systemic symptoms 

of interveinal chlorosis (6-9 days) with light or d~rk­
brown etched dots. Later lea ves symptomless. 
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Whits Burley : yellow local 

lesions (3-4 days ) expanding to 1cm or more in diameter 

as blotches or rings. With some isolates systemic chlorotic 

blotches appear, often centred on minor veins, and expand 

to produce a general mosaic; other i solates produce l arge 

chlorot ic rings sometimes centred on major veins. Later 

l eaves symptomless. 

Pe t11n~-~ hybricla Vilm. ' Rose of He c.1. ven ' : symptom­

l ess infection or faint chlorotic local l cG ions (4-6 days ). 

Mild sys t emic chlorotic mottle (8-10 days) . 

Symptomless infection was produced by : ~.12~~~ 

Eaveol_~_~s_ L . 'Dewcrisp Green' (c elery); 

' Cal mar' and 'Webbs Wonderful' (lettuce); 

Lactuc a sativa L. 

Primula 

malac aides_ Franch. 'Carmine Pink 1 
; Primul-9: obc .9_~ic2'. Hance; 

Zi!].£1~ ele_Eans Jacq. 'Cactus Flowered', 

No infection WQS detected in: Brassica oleracea 

botrytis L . 'Deepheart 1 (cauliflower); Brassica oleracea 

..£9pitata L. 1 Drurnhead (cabbage); Prcl,sica ~inensis (Lour .) 
Rupr . 1 Chi-Hi-Li 1 (Chinese cabbage); Dahlia _E..nna ta Cav. 

'Unwins Ideal 1 ; Dia__n thus _£ar.Y£_£_hyl l us L. 1 Singl e Pinks' ; 

Dolic hos biflorus L. ; Matthiol a incana (L .) R.Br. ' Nice 

Gian ts Beauty' (stock); Phaseolu~ ~~lgar~s L. 'Blue Lake ' 
(French bean); Vicia f~_ba L. ' Atl as Enrly 1 , 'Coles Early' 

and .'Exhibition Longpod ' (broad bean). 

!_Ehid trans miss ion 

Two isolates of the virus were successfully 

tra ns mitted by~ - persicae , one from young soft lea ves 

of Leucanthe and the other from systemically infected 

Havana 423 l eaves, to cucumber and Havana 423 respe ctively. 

Aphids maintained on Chinese cabbage were given a pre­

acquistion starva tion of 24 hours and then a 1 - 2 minute 

acquis tion period. 



42 

Purification 

A number of problems h ~ve been noted by previous 

workers a ttempting t o pur ify CMV and because of virus instab­

ility diffe rent strains oft en require di ffere nt procedures 

(45, 76). Critical factors influencing t he success of CMV 

purification include the virus source, age of infection , 

extraction medium~ clari fic a tion me thod and resuspension 

medium. The well known tendency of tho virus to aggregate 

upon extractjon ( 83) and t o r emain at t nched to cellula r 

material (45),is undoubtedly influenced by environmental 

condi tions during the different stages in extraction, 

clari fication, conc entration and in turn a ffe cts the yi eld 

and inf ec ti v i ty of pur ifj_ed pre pnra tions. 

Most workers have us ed tobQcco species as R 

vir us source (45 9 80 , 82 ). Hollings e t al. (45) f ound the 

choice of host s pec i es was very i mportan t f or successful 

purification of h i gh concentra tions of virus. These workers 

could not purify se veral i solates of CMV from~ - glutinosa 

and only obtained high yields from N. cle vel andii. 

The importance of age of infe ction was demonstrated 

by Tomlinson et al. (93 ) with a rhubarb stra in of CMV in 

N. ta~_a.cum and RI· rustic a , where peak infectivity was 

reached 10 - 12 days after iDocula tion and then declined 

very rapidly. 

Various extraction buffers and a ddit i ves have 

been tested. Tomlinson et a l. (94) found greater infect­

ivity in extracts in 0 . 5M K-K2 phosphate, pH 7,0 tha n in 

0,05M K-K2 phosphate, pH 7 .O with CMV-Y and since then 
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high molarity buffers (with a pH nea r neutrality) have been 

used in most CMV purification methods . Tomlinson (92) and 

Scott (80) recorded greater infectivity when extracting in 

phosphate rather than borate ,and citra t e has also given 

useful results (75, 80) . Reduc ing agents have been included 

to prevent CMV inac tivat i on by leaf polyphenol oxidQse 

systems (41) and chelating agents i ncluding ci trate, sodium 

diethydithiocarbonate (Na DIECA) and ethylene1diamine 

tetraace tic a cid (EDTA / 93), Tomlinson et al . (93) report­

ed no in fectivity of preparations extrac te d in phospha te 

without both EDTA and reducing a gentss and little infect­

ivity with thioglycollic acid (TGA) alone . Howevers Hollings 

(45) fou nd no marked 1enefit from adding EDTA. 

Organic solvents are eene rally use d for clarifi ­

cation and possibly affect the release of virus fr om cellular 

ma terial. Scott (80) f ound that little infectivity of 

preparations of CMV-·Y was retained if the chloroform 

clarification ste p was omitted while Hollinros et al. (45) 

recorded increased infectivity by incubating expressed sap 

with 8 , 5°/4 n-butanol for u p to ll~ days. Tomlinson et al . (93) 

however note d a lowering of infectivity of their rhubarb 

isola te of CMV when exposed to n-butanol for one hour as 

compared to infectivity after treatment with chloroform 

or diethylether. Acidification has also been used for 

clarification (38) and is more gentle than organic solvents . 

Ultracentrifugation is commonly employed for 

concentration of the virus and pellets haye been resuspended 

in a variety of media . Several workers have apparently 

disregarded aggregation problems, dilute phosphate being 
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used for resuspension (64, 94) but Scott (80) overcame the 

problem by dialysis of the virus-containing extract before 

high s pe ed centrifugation and by resuspens i on in dilute 

borate buffer pH 9 .0. The value of EDTA in preventing 

aggrega tion and preserving infectivity w~s demonstrated by 

Tnkanami and Tomnru (88 ) who concluded tha t aggregation was 

mainly attributable to the prese nc e of small amounts of 

free divalent cations in pla nt s ap and this cculd be com­

pletely inhibited by EDTA. Since then EDTA (with high pH 

bora te buffer) has been employed f or r esuspension (71, 93). 

Se ve ral daphne isola t es of CMV were us ed to 

avoid the possibility of varia tion in sensitivity of differ­

ent isolates to purific a tion procedures. Scott's method (80) 

has be en employed by s e veral other workers (30, 88) but was 

not attempted with the daphne isola t es because preparations 

a re still coloured (pers. comm., K.S. Milne ) conta in 

antibodies to healthy sap (3 0) and be cause the process of 

dialysis is wasteful of virus. Purific a tion was first 

a ttempted using the o.cidifica tion method of Grogan e t al. 

(38) from cucumber, Small Suga r pumpkin or Samsun. The 

slightly coloured pellets after high speed centrifuga tion 

were resuspended in dilute phosphate buffer (0 .01M K-K2 
phospha te, pH 7.0) and examined in the electron microscope. 

Because preparations contained ve1~ f ew virus particles and 

had only residual infectivity, re gardless of the host source 

tested, the procedure was discontinued. 

The method finally adopted is summa rized in Figure 

8 and involved a slight modification of a pr ocedure recom­

mended by Uyemoto (K .S. Milne, pers. comm. ? 1973) . His 



PURIFICATION OF 

CUCUMBER MOSAIC VIRUS 

Infected Havana 423 leaves 

HOM GENIZE 

(1 gm : 1.5 ml) 
0.5 M K-K2 phosphate pH 7.1 
plus 0.01 M Na DI ECA 
and 0.1% TGA; 
filter/muslin cloth. 

Fl L TR ATE---------------- pulp* 

Add chloroform ( 1 : 1); 
emulsify in blendor ( 1 min) ; 
shake 1 h at 4C (at 5 min intervals) 
centrifuge 12,000 g / 10 min. 

SUPERNATANT--------------- pellet* 

Filter / glasswool ; 
centrifuge 76,000 g / 2 h. 

PELL ET----------------- supernatant* 

Resuspend, 0.001 M EDT A or 
0.005M H3so3 plus 0.005M 
EDTA (adjusted to pH 9.0 with 
1 M NaOH) for 1 h on magnetic 
stirrer at 4C ; 
centrifuge 5,000 g / 10 min. 

SUPERNATANT--------------- pellet* 

2 further cycles differential 
centrifugation ; resuspend as above. 

PURIFIED VIRUS 

Figure 8 

*Discard 

Flow diagram of the procedure used to purify cucumber 
mosaic virus. 
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method was altered by use of a higher mola rity extra ction 

buffer a nd EDTA in the resuspension buffer however . 

A comparison of N. glut.:!_-_nos a , Havana 423 and 

da phne flowers a s virus sources was made . Nicotia na 
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glu_t~nsi_s n (ha rves t ed 12 days a ft er inon1la tion) and daphne 

flowe r s, prove d most uns a tisfactory hosts yielding little 

virus as judged by e l ectron microscopy . Pre pa r c.ti ons from 

fl · glut~~os~ conta ined l a rge quantities of Fl protein but 

good resnl ts were obta ined with Hnvann 1+23 . A compRrison 

wns a lso made of three -EDTA-c onta ining resus pension buffers. 

Results are presente d in Table 6 a nd r e veal little diffe rence 

between these media . The chela ting agent Na DIECA was not 

use d in these t ests but was preferre d in the ex traction medium 

bec a use of its gr ea t affinity fo r coppe r ions, an essential 

component of the poJ. y phenol oxid'.:\se system. 

TABLE 6 

Dilution 
of 
purified 
prepar-­
ation 

Infectivity of a daphne isolate of CMV in 

different res uspension media 

0.001M EDTA 
pH 5,0 

------ ·----- ·--· - ·--- ·------
Resuspension media 

0 . 025M K-K., 
phosphate c... 

plus 0.01M 
EDTA ~ pH 7 .0 

0 .005M H3Bo3 
0 . 005M EDTA 
pH 9 . 0 

--------- -- --- - ··----------· - · · ·----·--- ·--·-- ·---

a 

113 

4 

264 

84 

10 

308 

85 

2 

total local lesions on 5 half-leaves of c. guinea 



Polyethylene glycol (PEG) has been used to 

rurify several plant virus es . This che mical can be employed 

to re move virus from inact i vat ors and degradative enzymes 

more ra pidly than is possible by ultracentrifugation alone 

and also has the advanta ,,e of avoiding the need t o use h i gh 

speed c entrifugation w: t h large volume s o f liquid , an 

important c onsiderati on when quantities of v irus are requ i red . 

I n a second method , PEG (M'.1.' 2 1 , 000 ) at 6g : 

100ml of extract was a dded to the virus - c ontainine su per-

natant obtal ned f ol lowing clari fic a t ion with chloro form. 

The PEG wa2 dissolve d in the solution and left at 4C on a 

magnetic stirrer overnight. The virus was prec iritated by 
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low s peed centrifuga t ion and then s ubjected t o one or more 

cycles of differential centrifugat ~on . Virus-containinr, pellets 

v✓ ere r esus ·:"ended in borate /EDTA . 

gavana 423 leaves, infected res pe ctively with 

three da phne CMV isolates , were each extracted and clar ified 

with chloroform . The three su pernatar, ts from.lows peed 

c e ntr i fugation were halved, the first half of each be i ng 

subjected t o three cycles of differential centrifugation, the 

second t o PEG prec ipitat ion fol lowed by two cycles of differ­

ential centri fugation . With two of the three isolates excellent 

infectivity resul ts were obtained wi th both the, PEG method and 

high s peed alone . The results with one of these i solates 

are presented in Table 7. With the t hird isolate however 

only a relatively small , slightly green pellet was obtained 

by the PEG method , electron microsco pic examination 

revealing very few virus particles whereas excellent prep­

arations were produced by high speed centrifugation alone 

with t his isolate. Similarly poor results were obtained 
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with PEG preci riitation with a CMV isol ::i. te from nandina in 

this l Clboratory. 

TABLE 7 Effect of PEG and differ ent i a l centrifugation 
or di fferential centrifuga t ion alone on infect­
ivity of a du~1hne isol ate of CMV.a 

Dilution of 
purified pre­
par r:. tion 

PEG plus differen- · 
tial centrifugation 

299b 

90 

13 

Differential cen-· 
trifugat ion alone 

349 

81 

6 

- - ·-- ------------·· - ·--·- ··-- -- ---- - ··--····· .... ----- ··· ·--- ·-· . -· ··---

.., 
resuspension in 0.001M EDTA pH 5 . 0 

b tot~l l ocnl l esions from 5 half-leaves of C . qu i noa 

The prepar a tions obta ine d by the high speed 

method with all three CJ'-'fV isol 2t es from da phno, as well as 

the nandina i s ol2te, were highly infectious and little or 

no contaminnting ma t eri al w~s revealed by elect ron micro­

scopy. Pellets from high s pe ed centrifugation were 

virtually colourless and upon r esuspens ion produced slightly 

opalesc ent solutions. The poor results using PEG with one 

daphne isola t e a nd the nandina isolate again i ndic a tes the 

need to test methods on a number of isola tes and is illus­

tra ted by the difference in optimum concentra tion of PEG 

required to precipita te two strains of pota to yellow dwarf 

virus (4% and 7% res pectively/ 51). 
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The electron microscope was used to provide 

informo.tion on the qu:1lity of puri fied prep~rations includ-­

ing the presence of contamina ting host material and the 

relative concentro. tion of virus particles . Ea rly workers 

ueed shadow-casting to reveal CMV particles in preparations 

(83 ) but this method has been superseded by ne ga tive stain­

ing which is qu i cke r 2nd provides useful information on the 

st ructure of viruses (and contamina nts). 

Cucumber mosaic virus howe ver has proven difficult 

to successfully negatively stain. Murant (64) reported very 

poor cont r~s t of CMV particles in purified preparations 

sta ined with PrA, pH 6 . 0 a nd often c ould only detect part­

icles from micrographs . Ma ny of the virus particles obse rved 

we re disrupted by the sta in and prepa r 2 tions exposed to 

this stain for 1 . 5 hours contained no intact partic l es. 

Various other heavy metals gave be tter prese r vD.tion but 

pocrer contrast. Similarly Francki et al. (30) reported 

rapid disruption of CMV (Q strain) in 2% neutral PrA and 

obta ined best results by fixing in osmium tetroxide and 

then staining with UrAc . 

These results emphasized the ne ed for a study 

with daphne isolates of CMV to ensure particl es could be 

detected after negative sta ining and also to find the most 

suitable stain. Several common sta ins were compared, 

including PrA over a r a nge of pH va lues, UrAc and AmMo. 

Three CMV isolates were used to avoid the possibility of 

va riations in the effect of the stains on different 



isolates. All virus-containing solutions were suspended 

in borate/EDTA. 

In neutral 2?/4 PrA reasonable concentr~tions OT 

particles were found but the majority were disrupt ed 

(Figure 11 ). A similar result was obtained with Pl'A, pH 

50 

6 .O but in l ow pH PrA (pH 3 .O and 4 .0) much better preser­

vation of particles was notedj little disruption having 

occurred (Figure 11). Partic l es in 2% UrAc 1 pH 4.0 were 

into.ct but appeared slightly distorted with a dark sta ining 

centre, possibly representing positive ste, ining (Figure 11). 

The third stain, AmMo gave excellent results, particles 

being intact, clearly defined and often displaying an 

hexagonnl outline (Figure 11). 

Brenner and Horne ( 9 ) noted that satisfactory 

sto. ining results depended upon the ratio of specime n 

particle concentration to embedding mater i al concentrqtion 

and in this study with daphne CMV isolates the spreading 

of preparations was mo.rkedly a f f ected by the type of stain. 

At a st~ndard ratic of virus to strain (1 :1) spreading of 

particles was poor in PrA (at ~11 pH values ) being irregular 

within any one droplet . In UrAc individu::tl particles were 

often indistinguishable and congealed into thick masses . 

The l atter problem was only avoided when preparations were 

diluted 1 : 1 with distilled water (instead of the sta in), 

sprayed onto the grid and then exposed to UrAc f or 1 to 

2 minutes. In AmMo however spreading was invariably 

excellent. 

From these r esults it is clear that AmMo is the 

superior stain for CMV due to the excellent de tail provided, 
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the presence of high concentrQtions of int~r,t pa rticles 

and the spreading characteris tics. T0mlinson et al. (93) 

found AmNo was superior t o neutr~l PTA with CMV , but or 1 y 

in preparations suspended in borJto/EDTA 9 those in borate 

alone be ing disrupted as with PTA. 

The disruptive qualities of neutral PTA noted in 

this and other studi es on CMV ha ve a lso been found for 

other icosahedra l viruses ( 55, 66 ) and is possibly 

due to dissociation of quaternary protein st ructures ( 9 ). 

Apparently however f ew investigators ha ve t ested low pH 

PrA ~ shown by Fin l ay and Te akle (27) to enhance preser­

va tion of tob~cco necrosis virus (TNV) a lthough another 

stain (UrAc) is normal ly used ~t approximate ly pH 4.0. 

The l a tter authors sugges ted tha t the gr eater stability 

of Tl'N in ccid r :i. ther tha n neutral PTA could hctve resulted 

from maintaining the pH close to the isoolectric point (Ip), 

near which pl~nt viruses displa y their maximum stability 

(72). Cucumber mosaic virus has an Ip of 4.7 (33) but the 

stability of daphne isola tes in negative stain is unlikely 

to represent A pH-effect alone as particles were well 

preserved in neutral AmMo . 

Pa rticle measurements in the various stains were 

not taken in the present study but have been compared in 

other reports (30, 87). The observed diameter is known to 

vary with the thickness of the ~atrix of negative sta in (28) 

a factor which is likely to vary within and between 

preparations. Also several workers ha ve found particle 

diameter is minimum in a cid UrAc (30, 54) but Baricroft ·· · 

_et a l. ( 1 ) found tha t cowpea chlorotic mottle virus 
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became swollen a t ~I values ne 2r neutrality. If other 

viruses displ ay this charac t eristic, the effect of di fferent 

s t aining solutions on size may a l so reflect the different 

pH values of thes e stnins . 

Particle moryhol~g_l and _size. I c osahedral pQrticles were 

detected in squash homogenates f rom l eaves of daphne~ 

momor dica and f. quince'... as well ns f rom purifie d pr epar ­

ntions . Sixty-eight particles fr om a puri f ied prep:'.r a ti on 

of one isolate , sta ined in AmMo measur ed 29nm (range 24-30nm). 

Ser_ology 

Several d:i.phne isolates of CMV f rom inoculated 

a nd systemic l ei:.~ves of Small Sugar pumpkin rea cted with 

antisera in double diffusion t es ts and spur formation w2s 

d€tected betwe e n t wo of the isolates tested. Purified 

vi rus could not be employed in these tests due to non­

specific precipita t ion problems. 

Discussion 

Hos t r ange a nd symptoms~ aphid transmission, 

p2.rticle morphology and size a re i n general a ccord with 

isola t es of CMV from othe r hosts~ a lthough the ve ry 

cha racteristic re a ction of daphne isola tes on D. ba rba tus 

has not bee n recorded. '11he identity of a number of daphne 

CMV isola t es was confirmed by s e rology. 

The virus infects a l a rge numbe r of pl~nt 

species including weeds in which it may be seed-borne (24). 

It is inherent from the ubiquity of this virus, the l a rge 

number of vector speci8s and the efficient manner in which 
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it is transmitted that healthy daphne plants may very 

quickly become inf0cted , On the other hand it m~y be 

possible to minimize the rate of infe ction in home gard~ns 

with oil sprays or possibly aphid-repellent che mica ls and 

in nurseries by the m0thods discussed in Chapter 3. 
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FIGURE 9 : Fawn • target - s pots ' produced by CMV in swe e t ­
william . 

FIGURE 10 : Local etched flecks forming concentric rings 
in Samsun tobacco infected with CMV • 
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FIGURE 11: Effect of negative stains on purified CMV. 
(Bar repres ents 100nm) 

(a) dis torted and disintergrated particles 
(arrows) in neutral 2% PI'A ; 

(b) intact particles in 2% PTA , pH 3 . 0 ; 

(c) distorted particles in 2% UrAc, pH 4 . 0 ; 

(d) intact particles in neutral 2°/4 AmMo . 
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NEPOVIRUSES 

Introduction 

Two nepoviruses, arabis mosaic virus (ArMV) and 

tobac co ringspot virus (TobRSV), were detected during the 

present study . Both were c onfined to Leucanthe, the former 

occurring in 8% of this cultivar while the l a tter was only 

isolated from three infected pl®ts in two nurseries, one 

in the North Island and one in the South Island. 

There are several features which toge ther make 

this virus group distinctive and include a three-component 

icosahedral particle system, thermal inactiva tion points in 

the range 55 - ?OC and mechanical, nematode and seed trans­

missibility of each virus. 

Isolates of each virus from daphne were character­

ized by a series of definitive tests as reported in the 

following se ctions. 

AR.ABTS MOSAIC VIRUS (R/1 : */41 : S/S : S/Ne) 

The virus was identified from results obtained 

with differential hosts, serology and particle size and 

shape. 

Host ran~ 

Five isolates of the virus were each inoculated 

to a series of common indicator hosts from virus-infected 

cowpea or Havana 423 leaves ground in 0.1M K-K2 phosphate, 

pH ?.O. 
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Amaranthac eae 
_9omphrena globos~ L. 'Litte Buddy' (globe 

amaranth): some is olatcs produc e fawn necrotic local 

l es ions (5-6 days) enlarging to ro d-rimme d halos; one 
isolate produc e d s ys t emic r eddish blotches and distortion. 

Cheno podiac eae 

Che~o.e.9di um a mar anti c.olor Coste & Reyn. : faint 

chlorotic local l es ions with pinpoint white necrotic centres 

(4-6 days). Systemic chlorotic blotches or vein-net (8 -10 
days) wi t h r e fl exing of l eaves . Late r l eaves par tially 

r e covered . 

Che nopod~~m quinoa Willd . light-gr ee n chlorotic 

local lesions (4-6 days). Systemic chlorotic vein-net (7-8 
days) some time s with nec rotic flecks. Ne tted a r eas often 

become bright-yellow the n necroticj usually wi th plant 
death. 

SRi n_§:.c ea oleracea L. ' Royal Denmar k ' (s pi nach): 
in winte r s lightly depres sed water s oaked local l es ions 

(3-4 days ) which be come necroticj f ollowed by a bright­
yellow sys t emic ve in-ne t and twis ting of l oaves (6-8 days); 
in summer only mild local and syst emi c chloros is. 

Cucurbitaceae 

Cucumis me l ~ L . (cantal oupe ) : chl orotic local 
l e sions (4-6 days) with systemic chl orotic mottle (7-12 
days). 

Cucumis s a tivus L. 'Marke t e r' and 'Short Green 

Prickly' (cucumber): chlor otic local lesions (6-10 days) 

wh i ch expand to 3-4mm blotches with a diffuse outer zone. 
Syste mic symptoms (7-15 days) as chlorotic mosaic or bright­
yellow 1mm s pots. Severe stunting. Some isolates rarely 
systemically infect this host . 

Cucurbita maxima Duch. 'Butte rcup' (pumpkin): 
slightly de pressed necrotic local lesions (12-14 days) 
expanding to 5-6mm. No sys temic infection. 

Momordica balsamina L. (balsam-apple): chlorotic 
local lesions (5-6 days) are produced by some isolates. 



All isolates produce a systemic chlor otic stipple effect 
from chlorotic vein-flecks, vein-clearing and vein-band­
ing. (Figure 13) 

Leguminosae 
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Dolichos biflorus L. : chlorotic local l esions 

(6-8 days ) which expand to 2 -3mm diffuse blotches . Systemic 

symptoms produced by only one isolate consisting of a 

chlorotic mosaic then death of the plant ( 10 days). 

Phaseolus vulgaris L. 'Bla ck Turtle', 'Blue Lake' 
' f;ed Kidney' 'Scotia' and 'Top Crop ' (French bean) : no 

local reaction on cotyledons but discre te 1mm chlorotic 

local lesions on inoculated secondary l eaves. Systemic 

chlorotic mottle (11-15 days ) necrotic flecks and vein 
and a pical necrosis. 

Pisu1'.! sativum L. 'Bonneville' and 'Ranger' (garden 
pea): necrotic local l esions (6-1 2 days) with a chlorotic 
halo. Systemic necrotic fl ecks (8-1 6 days) or fl agging of 

l eaves and death of plant. 
Greenfeast: no local reaction 

but mild chlorotic mosaic of systemically infected areas 

(8-10 days). Symptoms usually rece de . 
Vigna cylindric~ (L .) Skeels : faint chlorotic 

l ocal lesions (4-6 days). 
Vigna sinensis (Torner) Savi. 1Blackeye' (cowpea): 

faint chlorotic local l esions (6-111- days ) which expand to 

4-6mm chlorotic blotches or rings with occasional patches 

of local veinl e t necrosis. Systemic chlorotic mosaic with 
necrotic flecks and browning of top 1-2 inches of the 

hypocotyl (1 0-20 days). Systemically infected leaves often 
wilt and die. (Figure 12) . 

Solanaceae 

Nicotiana cle velandii Gray: fawn 2-3mm lesions or 
symptomless local infection (13 days) and mild systemic 
mosaic . 

Nicotiana 6lut inosa L. : light reddish-brown 
lines or rings or symptomless infection of inoculated 
leaves. No systemic infection . 



Nicq_1i~na tabacum L. 'Havana 423' (tobacco): 
light-yellow or dark-green ringspots surrounding normal­
green 'islands' (3-4 weeks) on inoculated leaves (Figure 
14). No systemic infection. 

Samsun: 2-3mm chlorotic 

local l esions or large chlorotic blotches (7-1 0 days) , 
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the lattor often containing etched necrotic dots. Systemic 

symptoms rarely produced but occur as scattered chlorotic 

areas (ca. 1cm) ofte n bounded by etched necrotic dots . 

---· ____ White Burley : 2-3mm 
chlorot ic local lesions (5-6 days) 3-4mm wide yellow ring­
spots surrounding 1-2cm normal-green areas (3-4weeks). 
Systemic chlorotic blotches and ringspots (15-30 days) 

containing etched necrotic lines and flecks. Later leaves 

almost symptomless. 

Petuni~ J2Y.brida Vilm. 'Rose of Heaven': one 
isolate reacted to produce 2-3mm necrotic local lesions 
(10 days) followed by systemic chlorotic vein-net. 
Necrosis of mid-veins and l a teral veins in systemically 
infected areas followed by dess ic a tion of the entire lamina . 

Plants not susceptible to mechanjcal inoculation 
with ArMV included: AEium 1£._aveolens L. 'Dewcrisp' (celery); 

Brassica oleracea botrytis L. 1 Deepheart 1 (c auliflower); 
Brassica olerace_a c~itata L. 'Drumhead' (cabbage); 
Brass ic.a ~kinensis (Lour.) Rupr. 'Chi-Hi-Li' (Chinese 
cabbage); CaJ2sicum frutescens L. 'Swee t Capsicum' (pepper); 

Dianthus barbatus r> . . 'Indian Carpet' (sweet-william); 
Dianthu~ ca~.Y_9.EP.tl.lus L. 1 Single Pinks' ; Dolichos labi_aq_ 
L. ; Lactuca sativa L. 'Calmar' and 'Webbs Woncter f ul 1 

(lettuc e ); Lycopers icum escul8ntum Mill. 'Potentate' (tom­

ato); Matthiola_ inc ana (L.) R .Br. 'Nice Giants Beauty 1 (stock); 
Vicia faba L. 'Coles Early', 'Atlas Early' and ~~hibition 
Longpod' (broad bean); Zinnia elegans Jacq. 'Pers ian 
Carpet' . 
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Vector transmission 

Be fo re the virus was identified as ArMV, unsuc­

cessful transmission attempts were made from Q. guinoa to 

C. qui:r:i_~a with M. E_crsic ,~~ and fro rn gomorclica bal~?;nin_~ to 

c . .9...u~ with A. £~.L££.~flexum . Short ( 1-2 minutes ) and 

l ong (4-5 days ) ac quis ition periods we r e used to t es t for 

non-pe rsis t e nt and pers i s t ent tro.nsmiss i. on respective ly. 

These results are consiste nt with other repor ts 

f or ArMV which is only known to be t rQnsmittcd by the f ree ­

l i ving nematode Xi phinema diversicaudatum (Micol.) Thorne 

(39), and _?{iE_hin~ma coxi ( 65). The for me r vec t or was 

r e cently found in N.Z. in tamarillo pl~ntings ( 90 ) but was 

not dLtected in soil sampl es f rom the root zone of Leucanthe 

stock plants in a nursery demonstrat8d t o contain a hi gh 

percent ~gc of infection. Bait plQnts (cowpea and cucumber ) 

were used and Dr. F. Wood (pe r s . comm . , 1973 ) surveyed 

s ampl es for ne~a tode populations, but res ults fr om the 

latter me thod may ha ve be en bi ased as s ampl es were s tored 

at room t emperature for two we eks before t es ting. 

Purific a tior.. 

ArMV is re ad ily purified by a vari e ty of methods 

and is appa r ently unaffected by aggrega tion. Mos t workers 

ha ve developed a di ffe r ent method for purific a tion of their 

particula r isola t es with little regard for other me thods 

( 4 , 40, 44, 90) . 

In this study the virus was purifie d from pe tunia 

using the method of Harrison and Nixon (40). High concen­

tra tions of particles were obtained a fte r r esuspe nsion of 



the glassy pellets from two cycles of high speed centri­

fugation. 
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Arabis mosaic virus was also purified from 

Greenfeast pea or f· g~no~ by the PEG- precipitation method 

for AMV but with 6% PEG an d two hours high speed centri­

fu gation. The virus was highly infectious from both methods 

whe n resuspended i n 0 . 01M K-K2 phosphate, pH 7 .0 or 0 . 001M 

EDTAj pH 5.0. Preparations from pea conta ined less contam­

inating hos t material than those from C. guinea but the 

PEG method from ej_ther host was inferior to the method of 

Harrison and Nixon. 

Ele.c tron . micros_C--2.J2l 

Electron micrographs of purified pre par ations or 

squash homogenates stained in neutral or pH 4.0 PrA re vealed 

icosahedral particles, some of which were completely pene­

trated by stain wh i le others we re only penetrated partially 

or not at all (Figure 21). This situation has been noted 

for several nepoviruses (21, 22), including ArMV (65). 

Particles were often closely aligned in both 

squash homoge na tes and purified pre parations (Fif,ure 21 ) 

in which case the 6 - (and sometimes 5-) sided, angular out­

line of particles was clearly evident. The average diameter 

of 80 particles was 26nm for single particles and 27 . 5nm 

when measuring across clusters. Both figures are within 

the range of 26-30nm cited for this virus (56). 
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The presence of an icosahedral virus with ca. 26nm 

particles, an extensive host range and lack of trans mission 

by two aphid species suggested that this could be a nepovirus. 

Because serology is regarded as the only reliable and con­

clusive me ans of identifying members of this group (65) 

an isolate was tested in Ouchterlony gel diffusion tests 

against antisor-a to ArMV (from Dr. P . R. Fry)~ TobRSV and 

TomRSV. In addition the virus was also tested against anti­

sera to two isolates of CMV, tomato aspermy virus (chrysan­

themum isolate) and Brunus necrotic ringspot virus. Posit ive 

results were only obtained with ArMV antisera . Subsequently 

several further daphne isolates gave similar results with 

two different ArMV antisera (su pplied by Dr. M Hollings and 

Dr. D.D. Harrison). 

No spur formation occurred with any cor.1bination of 

daphne iso1cLtes and the latter two ArMV antisera (Figure 19). 

Most other workers have not obtained spur formation with 

ArMV isolates (13, 44, 90) although an isolate from hops has 

been reported to differ from the type strain in this respect 

( 4 ) . 

Discussion 

Following preliminary investigations on host 

range, transmission and particle morphology and size, ArMV 

was conclusively identified by serology. 

Arabis mosaic virus was first described in Arabis 

hir~~tus (L.) Scop. (85) and is serologically related to 
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grapevine fanleaf virus ( 13). Although the virus has been 

isol .:-,,ted from a number of woody and herb2.ceous plant species 

including D. mezereum (56) this is the first report of the 

virus in D. odora and only the second record of the virus 

in N.Z., the first being in tamarillo (90). 

It is likely tha t the virus is Llai n t a ined in 

daphne by prop2gation but one of its nematode vectors has 

been reported in this country and, although not found in one 

test in soil from a nursery growing daphne , the possibility 

cannot be excluded tha t this vector is present in daphne 

plant ings . The virus is maintained in its ne matode ve c tors 

for up to 8 months (42) and is seed-borne in a number of 

weed species ( 57), f a ctors which are important in t.he 

ecology of nepoviruses (67). 
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TOBACC O RINGS POT ,VIRUS (R/1 2 .2/40 : S/S S/We, Ap) Th) 

Tobacco ringspot virus (TobRSV) was identified on 

the basis of host range, particle morphology and size, and 

serology as re ported in the followin g sections. 

Host range 

One isolate of the virus was inoculated to a 

series of di f ferential hosts from systemically infected 

tobacco leaves after maceration with 0 .1M K-K2 phosphate, 

pH 7 . O. 

Amaranthaceae 
Amaranthus hybridus L. : diffuse reddish- brown 

2-3mm local lesions (7 days). Systemic ' oak-leaf' pat tern 

around the mid -vein . Late r l eaves symptoml ess . 

Chenopodiacea0 

Cheno podium amarantico)-or Coste & Reyn. : se:ni­

necrotic local lesions (5 days). Mild systemic mosaic (9-
10 days) . Late r loaves almost symptomless. 

Chono.E.Q_,dium g~noa Willd. : 1-2mm chlorotic local 

lesions which may contain fawn necrotic dots (4 days). 

Sys temic chlor otic vein-net (7-8 days ) with necrotic flecks, 

flagging and death of laterals above the inoculated l eaves 

and sometimes of the ap~cal areas . 
Spinacea oleracea L . 'Roya l Denmark' (spinach): 

mild chlorotic mosaic on inoculated leaves (8 days). Mild 
systemic mosaic . 

Cucurbitaceae 

Cucumis melo L. (cantaloupe): local chlorotic 
spots (7 days) on cotyledons and systemic chlorotic mosaic. 

Cucumis sativus L. 'Marketer' and 'Short Green 
Prickly' (cucumber): 2-3mm diffuse chlorotic local lesions 

on cotyledons (6 days) followed by scattered systemic chlor­
otic blotches or ringspots (1-2mm). Stunting. 
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Cucurbita maxima Duch. 1 Euttercup 1 (pumpkin): 

necrotic 1mm local l esions (4 cays) on cotyl0dons. Syst­

emic orange blotches (12-15 days) produced by some isolates. 

Cucurbita pepo L. 'Small Sugar' (pumpkj_n): pin­

point necrotic loc al lesions (6 days) on cotyledons. Syst­

emic chlorotic spotting (12 days). 

Leguminosao 
Dolichos biflorus L. : diffusG reddish-brown -- --- ~-- - ----·-

ne crotic l ocal l es i ons (5-7 days) expanding to 3 -4mm . No 

systemic infecti on. 

Dolichos lablab L. faint chlorotic blotches on 

inocula ted lea v8s (6 days ) . No systemic infection. 

Phaseolus vulgaris L. 1 Red Kidney 1 an<l Top Crop' 
(French bean): discrete 1mm chlorotic local l es ions (4 
days). Systemic chlorotic mottle with necrotic flecks (9 
days) followed by a pical necrosis and dea t h of pl ant . 

Pisum sativum 1. 'Green f east ' (gardGn rea ): local 
chlorotic blotches (2 weeks) wi t h necrotic st reaks . Mild, 

sys te mic, chl orotic mo ttle and vein- clearing (3 -4 weeks) . 

Vigna cylindrica (L.) Skeels: pinpoi nt, r e ddish­
brown necrotic local l esions wh i ch expand to 1mm or more. 
No systemic infection. 

Vigna sinensi'?. (Torner) Savi. 'Blackeye' (cowpea): 

faint, chlorotic, 2-3mm loc a l l esions (5-6 days) some of 
which be come bounded by a fine reddish ring or part ring. 

Systemic chlorotic mosaic with necrotic fle cks , and b r owning 

of top 1-2 inches of the hypocotyl (9-10 days). Death of 
plants . 

Scrophulariaceae 

Antirrhinul_l'! E!.ajus L. 'Tom Thumb' (snapdragon): 
fawn etched rings (5-6 days ) which expand to 5-6mm or more 

with the addition of further concentric rings to give a 

'target-spot' appearance. 

line patterns (3 -4 weeks). 
(Figure 15). 

Fawn 1 systemic ringspots and 

Later l eaves almost sympt omless. 
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Solanac eae 
Petunia hybrida Vilm. 'Rose of Heaven' : 2mm 

chlorotic loc a l l esions (5 days ) followed by systemic 

chlorotic bl otches, ringspots and vein-clearing (10 days). 

Later l eaves symptomless. (Figure 18 ). 

Ntc0~iana cleY-ela~dii Gra y: sunken irregular 
whitish local l es ions (3-4 days) . Faint chl oro t ic vein­
net (7-8 days) in systemically infected areas~ followed one 

day l ater by intervej_nal necrosis (Figure 16) . The pl ant 

sometimes dies . 
Nicotiana _g_lutinosa L. : Gtched concentric 5-lOmm 

rings and lines (8 days) often forming 'targe t-s pots ' . No 

systemic infection. 

Nicotiana _glu tinosa x cl~~~!_§._!l~t_t: puckering of 
inoculated leaves anct fawn, etched, 5-l Omm ringspots (6 days). 

Mild sys t emic chlorotic cast (8 days ) followed by terminal 

necrosis . 

Nicotiana tabacum L. 'Samsun': whitish necrotic 

l ocal l esions with chlorotic outer (7 d~ys) . Systemic zig­

zag 'oak-leaf' pattern. 
____ ___ _ ______ ___ White Burley : Gunken fawn 

or gr ey local l es ions (3-4 days ). Systemic chlorotic blot­

ches or ringspot s wh i ch may contain necrotic flecks . Zig­
zag patterns of adjacent lines produc e an, 'oak-leaf ' effect 

on the main and l~teral veins (Figure 17) . La t er l eaves 

symptomless . 

Symptomless infection occurred in the following : 

G~mphrena glo~o3_~ L. 'Little Buddy' (globe amaranth); 

Lact_~ sativa 1. 'Calmar' (lettuce). 

No infe ction occurred in the following: CaEsicum 
frutescens 1. 'Swee t Capsicum' (pe ppe r); 1ycope rsicum 

escule ntum Mill. 'Potentate ' (tomato) ; Matthiola incana 

(L.) R. Br . 'Nico Giants Beauty' (stock); Vicia fab a 1. 

'Exhibition Longpod' (broad bean ). 



Purific a tion 

Tobacco r ingspot virus i s r eadily purified by a 

var iety of t e chni ques (86) with most isolates giving high 

yie l ds. 
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A daphne i solate was purifi8d from inoculated and 

sys t enic ally i nfec t ed l eaves of .£ • .9...u inoa by a modification 

of the PEG-precipita tion method outlined f or AI'1V . The virus 

was pr ec ipi t ated with 6% PEG (instead of 8%) and sub j ected 

to two hours high speed centrifugati on (instead o f three 

hours). 

Ser ol og~:y: 

From host range and reactions it was c ons i de r e d 

tha t the virus coul d be ei ther TobRSV or tomato ringspot 

virus (TomRSV), both of whjch induc e similar symptoms in 

a number of hosts (60). Howeve r, the l a ck of systemic 

necrosis on c. amaranticolor (86) a nd tho severe reaction 

of snapdragon ( 35) sugges t ed that t he virus was most likely 

to be TobRSV. In order to c onfirm this purified pre parations 

or crude s ap from inocula t ed leaves of C. guino~ were tested 

against antisera to ArMV, TobRSV and TomRSV . A positive 

reaction was only obtained with the TobRSV antisera con­

firming results from the host range . 

One isola t e of TobRS V from daphne was compare d by 

means of double diffusion tests with an isolate from horse 

radish. The viruses were serologically rela ted, but not 

identical, as evidenced by spur formati on (Figure 20). 

Spurs were produced by both isolates indicating that each 

possessed determinant groups not shared by the other. 
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Unlike ArMV a number of isolates of TobRSV can 

be distinguished by serology (52 , 78 ,79) as illustrated by 

Go oding (3 6 ) who se parated 100 is ol ates of TobRSV into four 

groups on this basis . However there was no correlation 

between isolates within a strain and the symptoms they 

produced, or their geographic origin . 

Electron mic rosc_opy 

Squash homogenat8s from C. guinoa or purified 

preparations reveale d the pre s e nce of icosahedral particles 

(Figure 22), 73 of which had a mean diameter of 28nm (range 

24-30nm). 

A proportion of particles in PTA wer e found part­

ially or c ompl e t e ly pene tra t ed by the s t a in . The percentage 

of penetrated TobRSV particle s hRs bee n found to be affec ted 

by the pH of the PTA (21 ), and this was noted with TobRSV 

from daphne; few penetrated particles wGre found a t pH 4.0 

and 5.0 (PrA) while at pH 6 . 0 and 7.0 t hey were common. 

Almost all partic l es we re penetrated when stained in neutral 

AmMo. 

Tubular structures conta ining virus particles were 

de t ected in squash homogenates from £· guino~ (Figure 

23). These varied i n l ength r a nging from 350nm - 1 .5 ,u 

and contained closely packed virus particles. Similar 

structures have been found in plants infecte d with several 

nepovirus os (20, 77, 95) , maize rough dwarf virus (96) and 

tymoviruses (43), b~t thos e of the latter group are morph­

ologically distinct from the former t ypes (96). 
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The function of these structures is unknown but 

they are possibly involved in the dissemination of virus as 

they have been foun d to pass through plasmodesmata (20). 

Dis cussion 

Toba cco ringspot virus was firs ~ reported in 

tobacco (31) and is now known to cause diseases in a variety 

of plant s pecies . It is soil-borne by t he nemat ode Xiphin­

ema americanum Cobb (58) in which vector it may be r e tained 

for 9 months (59). Ins ects ha ve a l so bee n implicated in 

transmission (e . g .) nymphs of Thri ps t abaci Lind. (61), 

mites (Tetranychus species : 89) , the tobacc o fl ea beetle (81) 

~itri~ he r~~~_gnis Melsh., grasshoppers (Melanopl~ spe cies : 

25) and aphi ds ( 73) I:'!· persicae and Aphis g~ssypii (Gl over ). 

Tobacco ringspot virus f rom daphne was i denti fied 

by serology. Host range and particle size are Rlso in 

agreement with re ports for other isol~t es (52~ 73, 91) . 

The virus was f ound in only three infec ted plants but these 

displayed very se vere symptoms and it is poss ible that 

r oguing is r es pons ible for the small number of infected 

plants found in this s urvey. On the other hand figur es 

may have been biased by the indexing me thod used . The 

virus was only detected when it produced systemic symptoms 

in C. guinoa, a reaction also produced by grape isola tes 

(35). Other authors (84, 86) conside r that the virus is 

rarely systemic in this host howeve r. 

This is the first report of the virus in N.Z. 

othe r than in r ecently imported horse r adish (91) all of 

which have been destroyed. 
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The nematod8 vector has bee n found in this country(18) 

and the reported aphid~ thrip and mite vectors are ,all 

common and providing their ability t o vector different 

TobRSV isolates is confirmed they would r eprese nt potent-

ially more dangerous vectors than slow moving nematodes. 
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FIGURE 12 : Cowpea infected with ArMV showing chlorotic 
local lesions and vein necrosis on cotyledon and 
brownish - black streaking on upper hypocotyl . 

FIGURE 13 : Systemic vein c hlorosis i n momordica infe c ted 
with ArMV . 



FIGURE 14: Yellow ringspots in an inoculated leaf of 
Havana 423 tobacco, first appearing four 
weeks after infection with ArMV . 
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FIGURE 15 : Local and systemic fawn ringspots , • target - spo ts ' 
and line pat terns caused by TobRSV in snapdragon . 

FIGURE 16 : Large ne crotic local lesions and systemic necrosis 
caused by TobRSV after five days in N. clevelandii . 
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FIGURE 17: Necrotic local lesions, systemic ringspots 
and ' oak-leaf' pat tern in Whi te Burley tobacco 
caused by TobRSV . 

FIGURE 18 : Systemic chlorotic ringspots in petunia 
infected with TobRSV. 
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FIGURE 19 : Serological reactions between daphne isolates 
of ArMV inf · guinoa sap (1-5) and ArMV antisera 
supplied by Dr . P . D. Harrison . We ll 6 c onta ins 
healthy C . guinoa sap . 

a-s 

FIGURE 20 : Serological reactions between TobRSV from daphne 
(D) and TobRSV from horse radish (H) in crude 
f. guinoa s a p . Well F contains healthy C. qu i noa 
sap . 



FIGURE 2 1 : ArMV particles ne gatively stained i n PI'A , 
pH 4 . 0 . (Par r epresents 100nm) 

(a) purified pre paration; 
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(b) squas h homogenate from inoc ul a t e d leaves 
of C. guinoa . 

FIGURE 22 : Effe ct of negative stains on TobRSV from 
inocula ted leaves of~ - guinoa . (Bar represents 
10 0nm) 

(a) cle arly de fined particles in neutral 2% PrA ; 
(b) particles penetrated by stain in neutral 

2% AmMo . 
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FI GURE 23: Tubular s t r uctures 
containing TobRSV particles in 
squash homogenates from 
inocul a ted leaves of~ - gu i noa , 
negatively stained in neutral 
2% PI'A . ( ars re present 100nm) 
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LEUCANTHE VARIEGATA VIRUS _ COMPLEX 

Many specimens of Da£hne odora 'Leucanthe 

Varie gata' were fou nd to be infected with a virus (Leu­

canthe Variegata vi rus - 2 / LVV- 2) producing s ystemic net 

symptoms and necrosis inf. guinoa , Later , a se cond virus 

(Le ucanthe Variegata viru3 - 1 / LVV- 1) was detected produc­

ing mild sys t emic chlorotic blotches in C. quinoa which 

were masked in the presence of LVV-2 . The two virus es were 

par tially characterized by s everal definitive tests. 

LEUCANTI-IE __ _v ~J<_I] ... ~A.1'/t._ VIRV s ::-. . l (*I * : * / * S/S : S/*) 

Leucanthe Var i egata virus - 1 was detected only 

in Da pg_ne odoE: ... ~ 'Leucanthe Variegata' bu t its prevalence 

was not determined. 

The virus was partially chacterized on the basis 

of host range, particle morphology and size . 

Infected leaves of Havana 423 and~- clevelandii 

were ground in O. lM K-K
2 

phosphate, pH 7 .o and inoculated 

to indicator plants . 

Cheno podiaceae 

Cheno podium amaranticolor Coste & Re yn. : 0 , 5 -

lmm chlorotic l ocal lesions wi th pinpoint white necrotic 

centre. No systemic infe ction. 

Cheno Eodium guinoa Willd. 0,5 - 1mm bright -

yellow local lesions (2-.5 days) which quickly coalesce when 
present in high numbers. Inoculated leaves become dessi ­
cated . Systemic light-yellow or whitish bl otches ( 10 -
15 days ). 
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Spinacea oleracea L. 'Royal Denmark' (spinach): 

1-2mm chlorotic local lesions (6 days) which spread and 

coalesce. Bright -yellow systemic vein-net (7-9 days) which 

late r recedes. 

Cucurbi taceae 
Citrullus vulgaris Sc hrad. 'Cannonball' (water­

melon): expanding chlorotic local lesions on cotyledons 

(3-4 days). No systemic infection. 

Cucumis me lo L. (cantaloupe): 2-jmm chlorotic 

local lesions on cotyledons (6 days ). Systemi c chlorotic 

vein-banding and blotches (7-8 days ). 

Cucumis sativus L. Marke ter' and 'Short Green 

Prickly' (cuc umber ) : 2 -3min chlorotic local lesions on 
cotyledons (4-6 days ). Systemic mosaic of l arge diffuse 

chlorotic blotches. Stunting. 

Cucurbita maxima Duch. 1Puttercup ' (pumpkin): 

faint 1-2mm chlorotic local les ions (4 days) . Diffuse , 

orange, systemic blotches (8-10 days) . 

Cu~_urbita _E.~ L. 'Small Sugar ' (pumpkin): 1mm 
discrete chlorotic local lesions (3 days). Sys te mic 

chlorotic blotches and 3 -4mm patches of chlorotic vein-net 

(5 days). 

Momordtca balsamina L. (balsam-apple ) : 1 mm 

chlorotic local l esions ( 3 days ). Large, diffuse, pale­

yellow systemic blotches on outer portion of lamina 

(Figure 24) with normal-green central areas (6-18 days). 

Compositae 

Zinnia elegans Jacq . 'Cactus Flowered': diffuse 

3-4mm chlorotic local lesions (8 days). Systemic bright­

yellow mosaic which l a ter fades (15 days). 

Leguminosae 

Dolichos lablab L. : faint, diffuse, 3 -4mm 

chlorotic local lesions (6 days) . No systemic infection . 

Phaseolus_ vulgaris L. 'Black Turtle', 'Prince', 

' Red Kidney', 'Scotia' and 'Top Crop' (French bean) : 



pinpoint necrotic local lesions (2-3 days) in both winter 
and summer. No systemic infe ction. 
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Pi_~ sativum 1. 'Bonneville' (garden pea): no 

local reaction. Mild systemic chlorotic mosaic (2-3 weeks ). 

Greenfe ast : chocolate, necrotic 

spots or rings on inoculated le aves which become dess icated. 

No systemic infection. 

Victa faba 1. 'Atlas Early', 'Coles Early' and 

'Exhibition 1ongpod' (broad bean) : water-soaked, slightly 

depressed local lesions (3 days) which quickly become 

ne crotic . No syste mic infection. 

,Vig!§ 21_~ndri~.9; (1.) Skeels : light, golden­
brown local lesions (2 - 5 days). No systemic infection . 

Vign~ sinensJ.§. (Torner) Savi . 'Blackeye' (cowpea): 

reddish-brown slightly depressed necrotic loc al lesions with 

a fairly regular outline. No systemic infection. 

Scrophulariaceae 

Anti~~l?,_\n_~m maj13-__§_ 1. 'T or.1 Thumb' (snapdragon) : 
2-3mm chlorotic loc al les ions (7 days ) which later fade. 

No systemic infec tion. 

Solanaceae 

Nicotiana ~levela~~J-i Gray: white di ffuse 2-3mm 
local lesions (6 days). Faint systemic chl orotic vein-net 

(7 days) which becomes very prominent. Diffuse, fawn vein­

banding on systemically infected leaves. Stunting. 

ricotiana ~lutinosa 1. : 2-3mm fawn local les ions 
(3-4 days) which expand to 4-6mm ' target-spots'. Large 

systemic yellow blotches or chlorotic mosaic (7- 9 days). 

All subsequent leaves display symptoms. 

Nicotiana t~bac~~ L. 'Havana 423 1 (tobacco): 
bright-yellow 3-4mm chlorotic local l esions (4 days) which 
contain etched fawn or brown necrotic spots and lines . 
Sys te mic symptoms of chlorotic blotches centred on veins 

and vein-banding or a bright-yellow interveinal mosaic 

(Figure 27). Scattered etched dots in systemically infected 

areas. Subsequent leaves symptomless. 
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Samsun: f aw~ necrotic local 

lesions (4 days) which develop concentric rings, some times 

to give a •targe t-spot' effect. Sys t emic chlorotic vein­

banding and blotches (7-9 days). Subsequent lea ve s symptom­

less. (Figure 26) . 

__ . ·---·-··· ,. ··-- White Burley: 3 -4mm chlorotic 
local lesions with diffuse outer (3 -5 days). Sys temic 

chlorotic vein-banding and blotches (7-8 days). Subsequent 

lea ves symptomless . 
Petunia _£J.brida Vilm. ' Rose of Heaven' : Sunken 

water -soake d local les ions (3 days) which ex pand to 5-6mm 

fawn necrotic lesions (Figure 25) . Bright-yellow sys temic 

mosaic which later fades (12-18 days). 

No infe ction was recorded in the following: 

Brassica olerace a botrytis L. 'Dee pheart' (cauliflowe r); 

Bras..? ic ~ olerac~a caEita ta L. 'Drumhead' (cabbage); 
Bras .s ic_?: .E._ekinensis (Lour.) Ru pr. 'Chi -Hi-Li' (Chinese 

cabbage); Dianthu?. barbatus L. 1 Indian Carpe t' (sweet­

william); Gomphrena glob osa 1. 'Little Buddy 1 (glob e 

amaranth); Matthiola inc ana (L .) R.Br . 'Nice Giants Beauty' 

(s tock); Phaseol1:!~ vulgaris L. ' Elue Lake ' (Fre nch bean). 

Purification 

The virus was readily purified by a mod ific a tion 

of the method outlined for AVN. Virus infected tissue was 

homogenized in 0.5M K-K2 phos phate, pH 7.1 plus 1 .CY/4 2-

mercaptoethanol, clarified with e ither &/4 n-butanol (12 h 

incubation) or a 1 :1 mix ture of n-butanol plus chloroform 

(1ml : lg leaf tissue; 1 min incubation) precipita ted 

with 6% PEG (MW 20,000; 12 h incubation) and 2 cycles of 

differential centrifugation. Pellets from the latter were 

glassy with slight pigmentation and upon resuspension in 

0.001M EDTA (1ml : 100g tissue) produced an opalescent 
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solution . Large numbe rs of particles with little contam­

inating host material were detected in the ele ctron micro­

scope and pre parations were highly infect.iousto C. guinoa . 

Ele c tron mtcrosc_£py 

Purified pre rarations and squash homogenates 

negatively sta ined in 2% PrA~ pH 4.0 contained icosahedral 

particles. Seventy-six particles from a purified preparat­

ion had an average diameter of 28nm (range 24-29nm). 

Serology 

The virus did not react in gel diffusion tests 

with antisera to TobRSV 1 TomRSV or ArMV. Non-specific 

precipitation occurred with vi rus from pur ified preparations 

and cons equently all t es ts were conducted us i ng sa p from 

inoculated leavec of C. gu~. 

Discus sion 

The information from host range and symptoms , 

serology 1 particle mor phology and size is ins ufficient for 

specific identification of this virus and further charact­

erization by aphid studies, s e rology and physical properties 

is necessary. 

The information obtained however is sufficient 

to distinguish this virus from all others in daphne with 

the possible exception of CMV; both have a wide host range, 

similar particle morphology and size, but 7 isolates of 

CMV from daphne did not infect Vicia faba or Dolichos 

biflorus. Furthermore the daphne CI1V isolates did not 
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produce systemic symptoms i n Q. quinoa , Momordica bal samina 

or _Zinnia e l ~.E_an~_ and LVV-1 did not i nfect lE.:_9-nthus barbatus, 

a characte ristic of all of a l a rge number of CMV isolates . 
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A vi rus or 'virus -like ' agent, tenta tively called 

Leucanthe Varlega t a Virus - 2 was de t ec ted dur ing the present 

study in a singl e cultivar (Daphn~ odora 1Le uc anthe Va rie­

gat a 1) in which it was a pparently very prevalent. 

The 'virus' was distingui3hed from other daphne 

viruses by its host range and symptoms . 

Host ra~~ 

Virus-infected C. quinoa leaves were ground in 

Yarwood 's bentonite soluti on and inocul a ted to indicator 

plants. 

Chenopodiaceae 

ChenoE_odi..'.-1:m am~r2.nticol o:r: Coste & Reyn . : 1mm 
chlorot ic loc al lesions (4 days ). Mild sys temi c mosaic 

( 9-1 0 days ) with s light reflexing of leaves . 

ChenoE_<?diu~ <JU i noa Wil ld. : 1 -2mm chlorotic 
local l esions (4 days). Systemic chlorotic vein- net (7-9 
days) ; foll owed by bright-yellow appearance of netted 

areas the n nec r os is (Figures 5, 6). Death of l a t eral 
shoots and tip. 

Spinace~ oleracea L. ' Royal Denmar k' (s pina ch): 
1-2mm chlorotic local les j_ons or diffuse local chlorosis 

(5-6 days ) . Systemic vein-net (9-12 days). 

Cucurb itaceae 

Cucumis s a tivus L. ' Marketer ' (cucumber): 2mm 
chlorotic loc a l l esicns (1-2 days ) produced by one isola te. 

No sys t emic infection . 

Nicotia na tabacum L. 'Sa msun' (tobacco): fawn 
etched necrot i c lines on inocula ted l eaves or symptomless 
local infe ction. 



85 

A mild sys temic mosaic was produced in Greenfeast 
pea but it is uncertain whe ther this reaction was caused by 

LVV-1 present initially as a contaminant in low concentrat ­
ions. 

Symptoms were not produced in the following: 

Bras.sic a pekinensis_ (Lour.) Rupr. 'Chi-Hi-Li 1 (Chinese 

cabbage); Caps~cum frut Gs cens L. 'Sweet Ca psic um' (pepper); 

Dian thus_ barbatus L . 1 J ndian Ca rpet 1 (svJee t-will i am ); 

~hrena lQ;_obosa L. 'Little Buddy' (globe amaranth); 

Nicotiana glutinosa L. Phaseolu~. vulEris L . 'Red Kidney' 

and 'Top Crop ' (French bean); Vicia faba L. 'Exhibition 

Longpod 1 (broad bean) ; Vi gna sinensis (Torner) Savi. 
1Pla.ckeye ' (cow:pea ). 

El ectron microscopy 

rvirus-like ' par t ic l es were not detected in 

squash homogenates from syste mically infected l eaves of 

f. guinoa or C. amaranticolor ground in 2!}6 PTA, pH 4 . 0. 

Discussion 

This 'virus ' is probably not rod-shaped due to 

the ease with which rod virus particles arG detected in 

squash homoge na t e s . The possibility of the virus being 

icosahedral cannot be exclude d however as other icosahedral 

viruses (ArMV and TobRSV) were rarely detected in systemic­

ally infected Chen9podium tissue in the present study. 

Leuc anthe Variegata virus - 2 is dis tinguished from EurkSV 

by its characteristic systemic reaction in ChenO£Odium 

species and from other daphne viruses by its failure to 

produce symptoms in many hosts. 



FIGUFE 24 : Systemic chlorotic mosaic cause d by LVV-1 in 
momordica . 

FIGURE 25 : Necrotic local lesions in petunia infected 
wi th LVV-1. 
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FIGURE 26 : Fawn • target - spots ' and systemic chlorotic 
mosaic in Samsun tobacco infected with LVV-1. 

FIGURE 27 : Chlorotic and necrotic local lesions and 
systemic chlorotic mosaic in Havana 423 
t obacco infected with LVV-1. 
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BURKWOODII SPHERE VIRUS ( * /* */* : S/S : S/*) 

An icosahedral virus, t entative ly calle d 

Burkwoodii sphe r e virus (BurkSV) was de t ected in spe cimens 

of Daphne Purkwoodii 'Variegata' by the product ion of l a rge 

chlorotic loc al l e sions inf. guinoa . Th€ virus w2s 

de t ected in all specime ns of the cultiva r t es t e d, but 

be caus G of the l a t e stage at which it was re cognized the 

pos s ibility cannot be excluded th3t this virus i s pre s ent 

in other Daphne speci6s. 

Partial characteriza tion wcs macte on the basis of 

host range and symptoms , par ticle morphology and size , and 

serology. 

Host r a nge 

The virus was inocula ted to indic a tor hosts using 

locally infe cted l eaves of C . .si.uinoa ground in Ya rwood 's 

bontonite solution. 

Chenopodi a.ceae 

Chenopodium amaranticolor Coste & Reyn. : faint 

chlorotic loca l l e sions (3-4 days). No systemic infe ction. 

Che nopodium quinoa Willd. 0,5-1mm chlorotic 

local l esions (3-4 days) which coalesce, followed by dehyd­
ration of leaves. Systemic chlorotic blotcr.es a nd vein­
streaking (10-14 days) only occurred with highly concentrated 
inoculum . 

Spinacea olGracea L. 'Roya l Denma rk' (spinach): 
1mm chloroti.c local l e sions (7 days) rapidly coalesce, 
giving a bright-yellow effect. Symptomless systemic 
infection. 
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The virus did not produce symptoms in: Cucumis 

sativus 1. 'Marketer' (cucumber); Nicotiana glutinosa L. 

Nicotiana tabacum L. 'Havana 423 1 and 'White Burley' (tobacco); 

Phase olus vulgRris L. ' Red Kidney' (French bean) ; Pisum 

s~_ti~ L. 'Grce nfeast' (garden pea ) ; Vi_gno. cylind:r ica (L.) 

Skeels; Vign~ ~inens~E_ (Torner) Savi. 'Blacke ye ' (cowpea ). 

Electron microscopy 

Icosahedral particles were rendily detected in 

negatively stained (2% PrA, pH 4 . 0) homogenates from inoc­

ulated l eaves of C. ~uino~ . Sixty-one particles hod an 

average diamete r of 29nm (range 25 -31 nm). 

Se rolog;z 

The virus did not react with antisera to Ar:t-iN, 

TobRSV or TomRSV us ing inoculum from l ocally infected 

Discussion 

The i de ntity of BurkSV was not r esolve d but it 

was distinguished from rod viruses and AMV by morphology; 

from ArMV, TobRSV a nd TomRSV by s erology; fr om CMV and 

LVV-1 by its restricted host range and from LVV-2 by its 

characteristic systemic r eaction in C. guinea and failure 

to systemically infect C. amarantic olor. 



ALFALFA MOSAIC VIRUS (R/1 : 1 . 3+ 1 .l+0.9/18 : U/U 
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S/Ap) 

Alfalfa mosaic virus (AMV) was found on one 

occas ion in Leucanthe. The virus has a multicomponent 

particle morphology involving a unique combinati on of 

bacilliform and spherical componentsi a TIP of 60 - 65C, 

a very wide host range and i s non-persistently aphid trans­

mit t ed . 

The da phne isolate was purified , and character­

ized on the basis of host range, symptoms and particle 

morphology and size . 

Host rangE:_ 

Infected tobacco leaves were ground in 0.lM 

K-K2 phosphate, pH 7. 0 and inoculated to indicator hosts. 

Amaranthac eae 

Go1!U:'.h~~na globosa L. 'Little Buddy' (globe 
amaranth) : fawn necrotic local le s ions (3-4 days) which 

develop a reddish halo. No systemic infection. 

Cheno podiaceae 

Beta vulgaris 1. 'Yates Early Wonder• (red beet) : 

chlorotic local l esions (5 days) l a ter surrounded by a 

fine reddish ring. No systemic symptoms. 

Chenopodium ama~_§.n ticolor Coste & Reyn . 1mm 
semi-necrotic local l esions (3-4 days). Mild systemic 

chlorotic mosaic and slight reflexing of leaves. 

Chenopodium _g_uinoa Willd. : 1-2mm chlorotic local 
lesions (4 days); syste mic chlorotic vein-net (6-7 days), 

netted areas developing a mild chlorotic cast . 

Spinacea ole~ace a. L. 'Royal Denmark' (spinach): 

1 -2mm chlorotic local lesions (5 days). Mild systemic 
chlorosis. 
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Cuc urbit aceae 
Cucumis me lo L. (cantal oupe ): 2 -3mm chlorotic 

loc a l l esions (4-5 days). Systemic chlorotic mosaic (7- 9 
days ). 

Cucumis sativus L. 'Marketer' (cuc umber ): 1-2mm 

chlorotic l ocal l esions (6 days) . Systemic chlorotic 

mosaic (10-14 days) . 

Leguminosae 

Dolichos bif~or~s L. : slightly sunlrnn 1 - 2mrn 
necrotic l esions (2-3 dnys ) with irregular outline (Figure 

34). No systemic infec t ion . 
Dol ichos l ab l a~ 1. : very f aint 0,5-1mrn chlorotic 

local l esions (8 days ). S ome plants become systemically 

infected with mi l d mosaic or interveinal chlorosis (2-3 

weeks) . 

Phaseolus_ 2,~]-_garis L . 1 Blac k Turtl9 1 
, 'Blue Lake ' , 

Red Kidney 1 , 'Scotia ' a nd 'Top Crop' (French bean ): pin­
point necrotic loc al lesions (2 days) which expand t o l - 2mrn 

sometimes with veinlet necrosis (Figure 32) . Some pl ants 

systemically infect ed ( 1-3 weeks) wi t h scattered patches of 
veinlet necrosis . 

Pisum sativum 1. ' Bonne ville' and ' Ranger ' (ga rden 

pea ): n o local reaction. Mild systemic mosaic (2 weeks) . 
No necrosis . 

Greenfeast: 2mm necrotic local 
l esions (6 days ) then local veinlet necrosis. Syste mic 
chlorotic mosaic with vein necrosis and ne crotic flec ks 

(8-12 days ). Plants often die. 

Vicia faba 1. 'Atlas Early ' , 'Coles Early' and 
'Exhibition Longpod' (broad bean): slightly sunken 2-3mm 
chocola te~ necrotic local lesions (5-7 days ). Faint systemic 

mosai c ( 9-1 0 days) with necrotic flec ks, streaks and l ea f 
distort i on (Figure 33). 

Vigna ..£.Llindrica (L.) Skeels : faint chlorotic 
2mm loc a l l esions (3 dGys) some with red or fawn etched 
outline . Systemic chlorotic mosaic so me times followe d by 
plant death. 
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Vigna sinensis (Torner) Savi. 'Blackeye' (cowpea ) : 

pinpoint necrotic local l esions (2-3 days) which expand to 

2-3mm slightly sunken lesions with an irregula r outline 

(Figure 30). No systemic infection. 

Solanaceae 
Nicotian9: cle_y_elandii Gray : 2-3mi:1 diffuse 

chlorotic local lesions. Systemic chlorotic vein-net (10 

days), slight puckering of leaves. 

Nie otiana glutin~1:l.§; L. : no local symptoms. 
Mild, then strong systemic chlorotic cast (8-9 days). 

Nicotiana tabacum L. 'Havana 423' and 'White 

Burley' (tobacco): fawn or dark· -brown etched necrotic dots 

on inoculated leaves superim1.iosed on 2-3mm chlorotic blot­

ches. Syste mic chlorotic rings and blotches often with 

etched white or brown boundaries or rings. Later leaves 
symptomless. 

Samsun: 2-3mm chlorotic 
local lesions with scattered etched dots or lines near 

periphery . Systemic 'oak-leaf' pattern around central and 

lateral veins (Figure 31). 

No infection was recorded in: Dianthus barbatus 

L. 'Indian Carpet ' (sweet-william); Matthiola incana (L .) 

R .Er . 'Nice Giants Beauty• (stock). 

Purification 

A variety of methods have been used to purify AMV 

and are discussed in a recent review (47). 

An isolate of AMV obtained from Dr. P.R. Fry was 

succ ess fully purified in this laboratory by a modification 
.i\, 

of the PEG-precipitation method developed t_~ tobacco etch 

virus ( 19) and employed by Uyemoto for AMV (K.S. Milne, 

pers . comm., 1973). Alfalfa mosaic virus from daphne 

however was not successfully purified by this method from 
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White Burley or Greonfeast pea. Preparations were highly 

opalescent with no pigmentation in pellets after two cycles 

of differential centrifugation but did not contain high 

concentrations of particles (based on electron microscopy). 

Better concentrations were obtained using 8% PEG MW 20~000 

( 16) than 4% PEG MW 20,000 and purifying from tobacco rather 

than pea, but the concentration of particles was still 

rather low. 

It is possible that the long incuba tion periods 

with both butanol (12 h) and PEG (12 h) may have allowed 

degradative enzymic action to which the virus is susceptible 

( 4 7) • 

The method which g2ve the most concentrated prep­

arations is illustrated in Figure 28 . The chelating agent 

EDTA was employed at all stages of purification as it is 

known to have a stabilizing effect on the infectivity of 

AMV ( 5) and may have a lso reduced aggregation, a recognized 

problem with this virus (47) . Similar concentrations of 

particles were obtained by resuspending in unadjusted EDTA 

(pH 5 .0) or EDTA, pH 7.0 (adjusted with 0 .025M K-K2 phosphate). 

Electron micr~?~.21?1 

Purified preparations and squash homogenates 

negatively stained with neutral 2% AmMo, unadjusted 2°/4 Na 

silicotungstate or 2°/4 PTA, pH 4 .O were examined in the 

electron microscope. The former stain was preferred with 

purified preparations due to its superior spreading 

characteristics; poor spreading resulted with the other 

stains even after addition of bovine serum albumen . 



PURIFICATION OF 

ALFALFA MOSAIC VIRUS 

Infected White Burley leaves 

HOMOGENIZE 

(1 g : 1.5 ml) 
0.5 M K-K2 phosphate pH 7.0 
plus 1 % 2-mercaptoethanol 

plus 0.01M EDTA; 
strain / muslin cloth. 

FIL TRATE----------------pulp* 

Add 8.5% n-butanol slowly; 
magnetic stirrer 4C, 12 h; 
centrifuge 12,000 g / 10 min . 

SUPERNATANT---------------iltrate* 

Add 8% PEG (MW 20,000) 
magnetic stirrer 4C, 12 h; 
centrifuge 12,000 g / 20 min. 

PELLET---------------- supernatant* 

Resuspend 0.001 M EDT A pH 5.0 ; 
centrifuge 5,000 g / 10 min. 

SUPERNATANT--------------- filtrate* 

l 
Centrifuge 70,000 g / 3 h. 

P LLET----------------

Resuspend as above; 
second cycle of differential 
centrifugation. 

PURIFIED VIRUS 

supernatant* 

*Discard 

Figure 28 Flow diagram of the procedure used to purify alfalfa 
mosaic virus. 

94 



95 

A variety of particle shapes and sizes were found 

ranging from spherical to bacilliform and from 20 - 145nm 

(Figure 35) and an average diameter of 18nm (range 17 - 22nm). 

This range of particle lengths differs from that found for 

other AMV isolates, most of which have only five . major 

components ( 7 ) . The daphne isolate possesses particles of 

simila r sizes but in addition conta ins particles with pre­

ferred lengths of 65, 72, 80, 95, and 115nm. (Figure 29). 

Discussion 

Host range, particle morphology and size were the 

only criteria used for identification of AMV from daphne. 

The host range a nd symptoms are similar to those of a number 

of stra ins of AMV (34, 47, 69) . Few isolates of AMV are 

known with a range of particle sizes longer than 'bottom' 

component (48, 49). One, the VRU strain, was originally 

isolated from white clover in N.Z . (48) and both the host 

range and distribution of preferred particle lengths are 

similar to the da phne isolate. In addition however the VRU 

strain possesses even longer particles, some up to 1/ u or 

more. Long particles of another .AMV strain were detected in 

lithium phosphotungstate but not in several other stains (49) 

and it is possible that very long particles are associated 

with the daphne isolate but were not detected in the stains 

used. 

The reason for the low incidence of AMV in daphne 

in N.Z. is not known but, apart from being isolated from 

clovers and lucerne (14), little is known concerning the 

distribution of AMV in this country. 
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Histogram of particle length distribution of alfalfa mosaic virus in 
squash homogenates from inoculated leaves of C. quinoa, stained in 
neutral ammonium molybdate. 

Named components : T z, tOPz; Ta, topa; Tb, topb; M, middle; B, bottom. 
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FIGURE 30 : Diffuse necrotic local l esions caused by 
AMV in cow pea . 

FIGURE 3 1: Systemic ' oak- leaf ' pattern caused by 
AMV in Samsun tobacco . 
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FIGURE 32 : Necrotic local lesions in Red Kidney bean 
infected with AMV . 
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FIGURE 33 : Systemic necrosis caused by AMV in Exhibition 
Longpod broad bean . 

FIGURE 34: Necrotic local lesions in D. biflorus infected 
with AMV . 
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FIGURE 35 : Effect of negative stains on the daphne isola te 
of AMV in squash homogenates fr om C . qu inoa . 
(Bar represents 100nm) 

(a) poorly contrasted par ticles in neutral 
2?/o PI'A; 

(b) poorly contrasted particles in neutral 
2% AmMo; 

(c) clearly contrasted particles in 2?/o Na 
silicotungstate, pH 6 .5; 

(d) clearly contrasted particles in 2% UrAc , 
pH 4 . 0; 

(e) cl early contrasted particles in 2% PI'A , 
pH 4 . 0 . Note range of particle sizes 
longer than bottom componen t (B) . 
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DAPHNE VIRUS Y (*/-r.- : */* E/E : S/Ap) 

A rod virus with ca . 750nm particles was found 

in l a rge numbers of d~phnes i n N.Z. For example 1 0CP/4 

infection occurred in D. burkwoodii ( 57 specimens) and 

&+% in D. odora ( 500 s re cirnens). 

Cha r acte r iza tion of the virus, tentatively ca lled 

daphne virus Y (DVY), was attempted using host range nnd 

symptoms, aphid and me chanical trans mission and physical 

properties . 

Forms of DVY 

Initial investiga t ions re vealed the presence of 

t wo fo rms of the ca . 750nm virus, the f irst (DVY -1) was 

me ch~nically transmitted to a f ew herbaceous hosts and the 

s econd (DVY-2) was not transmissib l e to any common he rbaceous 

indica tor plants tested. I noculations of the latte r form 

were unsucc ess ful us i ng daphne flowe rs or leaves as the 

source, a range of transmission mediaj pur i fied prepar a tions, 

dry inocula tion (99), a modi fied agaros e column (63) and 

aphids (~. ~rsicae 1 A. circumfl exum; to C. guinoa , cucumber, 

Havana 423, spinach). 

The detection of the two forms of DVY was depend­

ent on electron microscopy a nd transmission to Q• quinoa 

but no exact figure for the relative pre va lence of each was 

obtained as isola tes of the DVY-1 type would have b9en over­

looked in the presence of other viruses producing chlorotic 

local lesions in C. guinoa (AMV, ArMV, LVV-2 and TobRSV). 

Typically, however, the larger nurseries were found to 



contain only one form of the virus in any one species or 

cultivar and DVY-1 was most common in D. odora while DVY-2 

was prevnlent in ma ny other Dap_h~~ species. 
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Specir,wns of ~11 Da ph_n~ specios infected with 

DVY-2 were symptomless while spec imens of Leucanthe infected 

with DVY-1 wer0 often severely diseased 1 as detailed in 

Chapter 1 . 

Host range of DVY- ~ 

Virus-infected. daphnc flovrnrs or .f . ~_ino0: le .::..ves 

were ground in Yarwood 1 s bentonitc solution and inoculated 

to indica tor pl ants. 

Chenopodiaceae 
ChenoEodium amaranticolor Coste & Reyn . : f a int 

chlorot ic loco.l l es ions (4 - 8 days), expand t o 2-3mrn with a 

white, pinpoint necrotic centre) surrounded by a brown 
necrotic ring and diffuse, outer, chlorotic halo. No 

systemic infection. 

Chen_Q£2._dium9..uinoa Willd. : discrete O. 5-1 mm 

chlorotic loc a l lesions (4-6 days) which coales ce when 

present in large numbers or develop a complete orange or 

olive outer ringi, or a partial or complete necrotic ring . 
Scattered systemic , chlorotic flecks or blotches (2-4 weeks) 

which may become bleached or necrotic with time are pro­

duced by some isoL:ttes while others produce masses of chlor­

otic flecks or streaks on minor veins (Figure 39). 

§Ei.naceet ole r~cea L. 'Royal Denmark' (s pinach): 
diffuse 2-3mm chlorotic loc a l lesions (7-10 days) which 

expand to give the entire inoculated lea f a yellow cast. 
Symptomless systemic inf8ction. 

No infection was detected in: Antirrhin1!~ majus 

L. 'Tom Thumb' (snapdragon); A~ium graveolens L. 'Dewcrisp 
Green 1 (c e l ery ) ; Brass ica .E__ekinensis (Lour.) Rupr. 'Chi-Hi-Li' 
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(Chinese cabbage ); Cass i a occ i dentalis 1. (c offee senna ); 

_Qucum\~ ~et~ L. (cant a loupe) ; Cucurb_ita ~c0.1El..~ Duch. 

' Buttercu p 1 ( pumpkin) : Cucurbit~ ~9. 1. 1 Smal l Sugar ' 

( pumpkin) ; Die-i::_ t _hu~ b:=:.rbo. tus 1. 'Indian Carpet' ( sweet­

willi.<1m); Go~ron;;. _e;lobos_a L. 'Little r uddy ' (globe 

ctm'lran th) ; 1'-13..tthiola incan<1. (1.) R.P,r . 'Nice Gi,rnts Beauty' 

(stock); Nicotiana 1slutinos_a L. ; .!!.~.s:_9_t_~~:Ea !_~1J_0_£\l_.~! L. 

'Samsun' c'.'lnd ' White Burley' (tobacco ) ; PetuniEt hyb r id2 

Vilm. 1 Ros e of Henven I i Phnseolus vuLgaris 1. r Red Ki dney' 

and 'Top Crop' (French bean); Pisum sat)-_yum 1. 'Bonneville' 

(garden pea); Jicia .f~ba 1. 'Exhibition Longpod' (b road 

bean); hgna sinensi s (Torner) Savi. 'Blackeyr-; ' (c owpea ); 

Zirmia e~gans Jo.cq. i Cactus Fl owered I • 

Daphne virus Y- 1 was r eadily transmi tted from 

C. quinoa or daphne le.:1.ves to C. ~in_?.s: by _!i • .E.ersice-:.~ .. 

Aphids were starved for 24 hours before t esting and giv en 

a 1-2 minut e a cquisition period indicating tha t t he virus 

is non-persistently transmitted. 

The only physical properties de t ermined were 

dilut ion end point (DEP) 5 l onge vity .?.:..~ yi._1:to (L I V) a nd 

therm .. 1.l inactivation point (TIP). All loc a l lesion assays 

were c onduc t ed using .Q_. quinoa as the test pl a nt and virus­

infec t ed tissu0 wo..s mc1.c erate d with 0.0lM K-K2 phospha te, 

pH 7.0 . 

The DE P of DVY-1 j_n daphne flowers was 1 o-6 

and in inocula t ed lea ves of .9..:_ ~uinoa, 10-3 . The virus 

was still infectious inf · guino~ s ap (lg : 5ml) a fter 

10 days and had a TIP of 55 - 60C . 
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Purification 

Potyviruses are considered very difficult to 

purify due to relatively low concentrations in hosts, 

instobility in crude sai) (82) 9 aggre gation ~nd bre2.k.age of 

particles during extraction and purification ( 6), end loss 

of virus by adsor , ti on to insoluble plnnt ma terial (11). 

Nevertheless, numerous methods hn. ve b oen develo ped to riurify 

specific r1e i~bers of the grou:;_:i a nd these he..ve incorpor ::i.ted a 

wide r~nge of extraction, clurificQtion, and resus pens ion 

media. 

Distill ed water was the most suitab l e extraction 

medium for pob:to virus Y (PVY /23) while high r,10larity 

borate was best for pepper v0 __ 10.l mottle vi rus (PV?v!V / 11) and 

turni :D mosaic virus (TuMV). Much lowe r yie lds were obtained 

using phosphnte insteo.d of borD.te for PV','-'N but high molarity 

phos phate has been used successfully with watermelon mosaic 

virus (WMV / 62) PVY and tobacco etch virus (TEV / 19). 

Low rather than high molarity phosphate go.ve better results 

with plum pox virus (PPV / 70). 

A variety of clarification methods have been 

employed. Butanol has been successfully used with WI1N (62), 

PVY and TEV and hus also been found to enhance the release 

of the icos2hedral viruses including CMV (45) and dahlia 

mosaic virus (10) from cellular constituents and may act 

similarly with potyviruses . Considerable losses occurred 

however when butanol was used with PVr1V ( 11), and bean 

yellow mosaic virus ( 6), the latter being severely 

broken. 
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Concentra tion of particles is usually a chieved 

with high spee d centrifugation but PEG h~s also been employed 

in recent years ( 19 , 70) although it has been reported to 

cause yield losses with several potyviruses because of 

resus pe nsion problems (50- A varie ty of resuspension me dia 

have been us ed t o overcome aggregation and include dilute 

phosphate for WMV ( 62) a nd c ::i_rnation vein mot tle (46), dilute 

bora t e for TuMV ( 82) a nd PVMV (11) 7 dilute tris for several 

potyviruses ( 50), phospha t e plus urea for TEV a nd PVY (19) 

and PPV (70), a nd phosphate plus EDTA f or PVY (23). 

The general conclusion f r om thos e r esults is thQt 

purification methods used successfully for one potyvirus 

canno t necessarily be ap;lied for the purific a tion of 

a nother. Aggregation is cl oArly the most serious problem 

encountered dur i ng purific a tion of these viruses a nd thus 

requires speci2,l a ttention . Br akke (8) cited high pH , 

chelating age nts such as citra t e , a nd r educ tion of salt 

concent r -::1. t ions as menns of increasing pro t ein s olubility 

to decreas e aggregation . These s ame c ondi tions howe ver may 

a lso make the virus less stable b e cause tho secondary 

valence forces responsibl e for hol ding the subunits of a 

virus together a lso cause aggre gation of the virus. High 

pH r es us pension buffe r s and chelating a gents have been 

successfully employed wi th potyviruses ~3, 82) as has urea, 

considered to a ffect hydrophobic-type interactions which 

may be responsible for side-to-side and l a teral aggregation 

( 19) · 

The method used to purify DVY was based on the 

method of Damirdagh and Shepherd ( 19). Da phne flowers 



were used as the source as these contained high concen­

trations of DVY-1 (DEP 10-6 ) and were the only suitable 

source of DVY-2 a vGil ~ble . Virus was extracted in phos­

phate buffer , clarified with n-butanol and precipitated 

with PEG before high speed centrifugation. Pellets were 

resuspended in 0 .025M K-K2 phosphate, pH 7 .4 cont.::tining 

O.OlM EDTA . 
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Several modifications wGre t oc ted before the 

procedure outlined in the flow diagram (Figure 36) was 

adopted . Because only DVY-1 isola tes could be t ested all 

prep~ra tions were checked in the e l ectron micros cope for 

relative content of virus ~nd contamin~ting host material. 

Furthermore, the occurrence of two forms of DVY was only 

elucidated later in this study nnd as they possibly rc~ct 

differently to a particular tre a tment a bracketed notation 

of the virus form in question is included. 

Ext raction with borate buffer (0 .5M H3Bo3 , 

adjusted to pH 8.0 with l M Na0H) produced brown-pigmented 

pellets after butanol clarification, PEG precipitation and 

two cycles of differential centrifuga tion. Resuspended 

pellets in phosphate/EDTA or bornte (0 .05M H3Bo3 , adj usted 

to pH 8 .0 with l M Na0H) contained few particles. Clari ­

fication with chloroform (1 h incuba tion) gave prepara tions 

which contained only moderate numbers of virus particles 

a nd much pl~nt mat erial (DVY-2), while after butanol treat­

ment (12 h incubation) pellets were only slightly coloured 

a nd often contained high concentra tions of particles. A 

combination of borate extraction and chloroform clarifi­

cation gave poor results with very few particles being 

found. 



PURIFICATION OF 

DAPHNE VIRUS Y 

Infected Leucanthe fl owe rs 

HOM GENIZE 

(1 g : 1.5 ml) 

0.5 M K-K2 phosphate pH 7.1 
plus 1% 2-mercaptoethanol ; 
f i lter/muslin cloth. 

FILTRATE---------------

Add 8.5% n-butanol slowly; 
magnetic stirrer at 4C, 12 h; 
centrifuge 12,000 g / 15 min. 

pulp* 

SUPERNATANT-------------- pellet* 

Filter/glasswool; 
add 4% PEG (MW 20,000) 
magnetic stirrer 4C, 12 h; 
centrifuge 12,000 g / 20 min . 

PELLET---------------

Resuspend in 0.025M K- K 2 phosphate 
plus 0.01M EDTA pH 7.0, 1 - 2 h; 
centrifuge 5,000 g / 10 min. 

SUPERNATANT-------------

supernatant* 

pellet* 

j Centrifuge 70,000 g / 1.5 h. 

P LLET ---------------- supernatant* 

Resuspend as above; 
2 further cycles of differential 
centrifugation. 

PURIFIED VIRUS 

*Discard 

Figure 36 Flow diagram of the procedure used to purify 
daphne virus Y. 
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Polyethylene glycol was always used for initial 

concentration to avoid the problem of high speed c entrifu­

gation of l 3rge vol~mes of liqu id . Low speed centrifuga tion 

of the redissolved PEG- r•recipita t e produced ex tremely l arge 

pellets but ur on resuspension in bor2t0 or 0 .00 1M EDTA 

these pellets yielded very few virus particles. 

Resuspension w~s initiall y attempted using 

phosph~te / ureR / mercaptoethanol ( 19) and yie l ded high 

conc entrations of unaggreg~t ec but extens ively broken virus 

particles exhibiting only residu~l infectivity (DVY-1). 

Preparations r esuspended in dilute phosph~te (0.025M K-K2 
phos phate, pH 7 .4) ctnd not subjected to low speed centrifu ­

ga tion conta ined only long , thick masses of highly aggre­

gated particles. Conversely , large quantities of aggregated 

or broken virus particles were not found in preparations 

re suspended in bor2..te (0.05M, pH 8 .0) or EDTA (0 . 001M , or 

O.OlJl.1 plus 0 .025M K-K2 phos phate, pH 7.0). Preparations 

in borate howe ver? showed more colour and appeared in the 

electron microscope to contain more host contaminants. 

Density gradient centrifugation was t es ted to 

further purify the virus af ter PEG treat ment and two cycles 

of differential cent ri fugation (19). Virus bands f a iled 

to separate out a ft e r three hours and the method was 

abandoned. 

The destructive action of urea on DVY during 

purification has not been noted with other potyviruses, 

but this compound has been tested with only a small number 

to date (19, 50 , 70). The chelating agent EDTA, which 

prevented aggregation of DVY, has a lso been used during 
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the purification of other viruses to remove contamin2ting 

metal ions (92) and plJnt pigments (32), to prevent 

aggregation (88) and to preserve infectivity (5 ). Some 

other viruses however are adve rsely affec ted by EDTA, the 

infectivity of southern bean mosaic virus for example w~s 

greatly reduced upo~ incubation with it . A sirnil~r effect 

ho..s bee n noted with PPV after exposure to concentratlons of 

EDTA exceeding 0.0005M (70). 

Electron _r.ni~_roscopy 

Electron microscopy of nogatively sta ined squ~sh 

homogenQtes from darhne revealod flexuous, fil ame ntous rods 

(Figure 37). Typically m2ny broken particles wero present 

but the normal l ength of particles of DVY-1 was 733nm 

(267 particles) while th3t of DVY-2 was 726nm (216 particles). 

No evidence was obt~ined of a var i a tion in particle morphol ­

ogy with host source, type of stain or purification 

procedure of the magnitude recorded for BYMVs henbane 

mosaic virus ( 3 7) or PVMV ( 1 1) . 

Discussion 

Daphne virus Y is placed in the potyvirus group 

because of particle l ength, aphid transmiasion in a non­

persistent manner and mechanical transmissibility. Physical 

proper ties Qre also in agreement with those for othe r 

potyviruses . 

The virus is tentatively considered a new 

member of this ever - expanding group based on host range 

results (for DVY-1) because the host range reported 
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Histogram of particle length distribution of daphne virus Y in squash 
homogenates of Leucanthe leaves, stained with PTA pH 4.0. 
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differs from that for at l east the common members of the 

group. Host range alone howe ver is ins ufficient evidence 

to m2ke this decision and serology and inclusion body 

studies (26) could provi de fu r ther useful crite ria. 

The t wo forms of DVY differe d onl y on symptoms 

in d~phne and host range but a Gain t his is insuffic ient 

evidence for di fferentiation . Variations in size may 

result from difficulties associated with a cc ur ate ly measur­

ing loni, flexuous partic les and the pr ecision of calibration 

of the electron microscope magnificat ion. The l ength 

difference of DVY -1 and DVY-2 a re well within the expected 

range o f experime ntal error. 

The fact that a t l east DVY-1 is transmitted by 

the ubiquitous l:J · ~rsicae increases the problem of pre vent­

ing infec tion of any 1 clean-stock 1 • Myy,us _pe r s ic ae is known 

to c olonize D. _od9I~ ( 17) and during the present s tudy 

A. circumfloxum was found on D. odora, but was not tested 

as a vector . 
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DAPHT'!_E_V_I.R~~-~ (*/* : */* : E/E : S/*) 

A rod virus with flexuous particles of similar 

length to members of the potexvirus group, was fou nd to be 

widespread in Dq_£_hne cneorum ( 1 Ma jor 1 and 'Variegatum') 

and Wcl.S also dete cted in Da:E_hl].~ cr:i,_o_or1:1~ 1 Exim.ia 1 and Daphne 

adorn 'Leucanthe '. 

The virus, tentatively called dGphne virus X (DVX), 

was cha r acterized by host range , aphid transmiss ion, physical 

properties and particle norphology and size. 

Host rang!:' 

Virus-infected N. clevelandii leaves or D. cneorum 

flowers we r e ground in O.lM K-K2 phosphat e , pH 7.0 and 

inocula t ed to indicator hosts. 

Amaranthaceae 

Gomphren~ ~lobosa L. 'Little Buddy' (globe amaranth) : 

dess ic a t ed light-brown ne crotic fl ecks (3-4 days) which 

expand t o 1-2 mm wi th a 1-jmm red halo (Figur e 41). No 

systemic infection. 

Chenopodiaceae 

ChenoEodium al".la~anti_co~or Coste & Reyn. : very 
faint chlorotic local lesions (5-7 days) . No syste ,nic 
infection. 

Chen__Q_p_29-_iu~ guinq~ Willd. irregular faint 
chlorotic local l esions (4-6 days) which expand to 4-5mm. 
Systemic symptoms (7-20 days) of mottle or rings, part-rings 
and blotches (Figure 42). 

Cucurbitaceae 

Cucumis melo L. (cantaloupe): chlorotic local 
l esions (4-5 days). Systemic chlorotic blotches (10-12 
days). 
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Cucumis s a tivus L. 'Ma r ke t er ' (cucumber): s lightly 

de pre ssed 0 .5-l mm chl orot i c l ocal l esions (5-6 days ). Fa int 

syste mic 9 chlorotic s tippl e of O. 5-1 mm chlorot i c dots (7-8 
days) on f irst s e condary l eaf (Figure 43 ). La t e r l ea ve s 
s ympt oml ess but c onta i n virus . 

Cuc urbita max i ma Duc h . 1Buttorcup 1 ( pumpkin): 

f a int chl orotic loca l l e sions (8 -1 0 days) or no loca l r eact­

ion. Sys t emic chlorotic mosai c (2 -3 weeks ) . 

Legurninosa.e 

Cassin occide ntalis L. (c of fe e s enna): 0 . 5mm 

orange - brown l ocal l esions (3 days) on cotyledons, expa nding 
t o 1-2 mm di amete r . No sys t e mi c i n f e c t i on . 

Dolichos b i f l orus L. : 1-2mm necrot i c loc a l l esions 

(6 days). No sys t emic infe ct ion. 
Dolichos l abl ab L. : 1 mm f a i nt chl or otic l ocal 

l e s i ons (4-5 days ). 
Phaseol us v~l gar~~ 1. ' Red Kidney' and 'Top Crop ' 

(Fr ench be an ): c hoc ol a t e pinpoint l oc a l l esions (2 -3 days). 
No s ys t emic in fe ction . 

Pi s um sativum L, 'Bonneville ' and Gree nfoast' (gar­

de n pea ): necr ot i c loc a l l es i ons or l oca l ve in ne crosis 

(4-6 days ) f oll owed by wilting a nd dessicat i on , a nd 
bla cke ning of s t em in r egi on of inocula t e d l eaves . Syste mic 

chlorotic mo t t l e (1 0-2 0 days ) some times with vein necrosis 
or necrotic fl ecks. Se ve r e stunting . 

Vign~ cllindric a (1.) Skee ls: 2-3mm chlorotic 
local l e sions (4-6 days ). No systemi c infection. 

Vigna s i ?e nsis (Torner) Savi. ' Bl a ckeye ' (cow pea): 
faint diffuse chlorotic l ocal l esions (6 -7 days) which 
expand to 5-6mm a nd be come more prominent (Figure 40). No 
systemic infection. 

Scrophulariaceae 
Antirrhinum m~jus L. 'Tom Thumb' (snapdragon): 

0.5mm chlorotic loc al l esions (4 days) which ex pand to 1-2mm 
and later disappear. No systemic infe ction. 
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Solanaceae 
Nicctiana clevelandii Gray: 2-3mm chlorotic local 

lesions (2-5 days) which coalesce when in l arge numbers and 
deve lop ivory or brown necrotic rings or s pots. Systemic 
chlorotic rings or vein-banding (10-14 days) often be coming 

ivory or brown . 
Nicotiana glutinosa L. : 1-2mm chlorotic local 

l esions (6-8 days ) which ex pand to 1cm. No systemic infect­

ion. 
Nicotiana _glutinosa x clevelandii: 1-2mm chlorotic 

local lesions (5-6 days) which coalesce when in high concen­
trations. No systemic infection. 

Nicotiann tnbacu~ L. 'Havana 423' (t obacco): 
Chlorotic 1-2mm local lesions (6 days) which deve lop into 
f awn necrotic spots. No systemic infection. 

No infection occurred in the f ollowing: .A.E~um 
_g__raveole n~ L. 'Dewcrisp Green' (c e lery); 
botrytis 1. 'Deephcart' (cauliflowe r); 

Erassica ole racea 
Brassica oleracea 

capitata L. 'Drumhead' (cabbage ); Bra~s ica pekinensis 
(Lour.) Rupr. 1 Chi-Hi-Li' ( Ch inese cabbage ); Capsic \'.m 

frutesc ens L. 'Sweet Caps icum' (pepper ); Dian thus barbatus 

L. 'Indian Carpet' (sweet-william) ; Dianthus ca~ophyllus 
L. 'Singl e Pinks'; Lac tuca sat_iv~ L. 'Webbs Wonderful' 

(lettuce); Matthiola incana (L.) R.Br. 'Nice Giants Beauty' 
(stock); Medisago sativa 1. (luc e rne); Nicotiana tabacum 
L. 'Samsun' (tobacco); Pe tunia hybrida Vilm. 'Rose of 
Heaven'; Primula malacoides Franch. ; Saponari a vaccaria 
L. ; Spinacea olerace~ L. 'Royal Denmark' (spinach); 

T~ifolium pratense L. (red clover); Trifolium repens L. 
1 Grasslands Huia' (white clover) ; Vic ia faba L. 1 Atlas 
Early' and 'Exhibition Longpod' (broad bean); Zinnia 
elegans Jacq. ' Cactus Flowered'. 

Aphid transmission 

In a single trial DVX was not transmitted from 
N. clevelandii to N. clevelandii by M. persicae. The 
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anhids were starved for 24 hours and given a 1 - 2 minute 

acquistion period . 

The TIP was de t ermined using inoculQted l oaves of 

N. clevel andii ground in 0 .01M K- K2 phosphate, pH 7,0 (1g: 

5ml). Gomnhrena ~lobosn was used as the test plant a nd the 
- ----- -=---·--

virus had a TIP of 80 - 8,5C. 

Purification 

Preliminary studies on purification of DVX were 

unsuccessful as the vi r us was e ither highly aggregated or 

present only in very low conce ntra tions after purification 

by the method of Damirdagh and Shepherd (19). The virus 

was found to be highly aggrega t ed in squash homogenat€s 

from N. cle ve~_an~ii and aggregation from this host was not 

avoided using EDTA in the extraction buffer (O.OlM), or 

urea (0,5M) or EDTA (0.001M) in the r esuspension buffer . 

Aggregation problems have also been notect for other potex­

viruses (2, 74, 98). 

Electron microscOEY 

Flexuous, filamentous particles were found in 

negatively stained squash homogena tes from daphne and other 

hosts (Figure 45). The particles were more flexuous than 

those of DVY (Figure 46) . 

Size measurements are detail ed in Figure 38. 

Three hundred and twelve particles in 12· cneorum flowers 

stained in neutral 2% PrA had a normal length of 499nm 

and an average wid th of 12nm. 
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PARTICLE LENGTH (nm) 

Histogram of particle length distribution of daphne virus X in squash 
homogenates of D. cneorum flowers, stained in neutral PT A. 
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Discussion 

The potexvirus group contains viruses with a normal 

l ength of 480 - 580nm and severa l aro serologically related 

if antisera of high titre i s used . The particle size , 

narrow host r ange and lack of aphid transmission of DVX are 

common t o potexviruses, most of wh i ch also produce similar 

r eactions on G. gl_?_~os~ 7 snc,.pdr '3.g on 7 and Cheoo:e_odiu:n s pc cies. 

The high TIP of DVX is atypical however, but is simil ar to 

tha t for one strain of white clove r mose ic virus ( 3). 

Potato virus X7 the type me mber for the potexvirus 

group is r eadily transmitted by handling, rubbing of l oaves 

and on knives. The fungus 7 Synch:y:tri um undobioticum (Schilb.) 

Pore . , h ::i.s also bc0n reporte~. t o trans mit pot a t o virus X ( 68) 

and the possibility th,?. t DVX is transmj_ tted by one or more 

of thes e me thods cannot be discounted . 
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The two flexuous rod virus es found in Daphne s pecies 

were readi ly distinguished on the bas is of particle size but 

a s well there a r e several other features which facilitate 

differentiat ion and t hese a r e s ummarized in Table 8 . 

TABLE 8 Distinguishing features of DVX and DVY . 

Virus 
Morphology Hos t 
& size range 

ve r y wide 
DVX flexuous 

499nm 

slightly narrow 
DVY flexuous 

733nm 

a thermal inactivation poi nt 

b nonpersistent 

Criteria 

Occurrence Vector 
in Daphne 

D. cneorum 
15. odora 

many aphi~ 
Da:ehne spp . N . P. 

TIF 
a 

(OC) 

80-85 

55-60 
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DAPHNE - TOBACCO MOSAIC VIRUS (*/* : */* : E/E : S/"-" ) 

A rod virus morphologically identical to tobacco 

mosa ic virus (TMV) was de t ected in negatively stained squash 

homogenates fr om Leucanthe and D. cnE?._9rum . The actual 

pre valence cf the virus is unknown however as it occurred 

in extremely low conce ntra tions and often none or only one 

or two particles were f ound in a s ingle el ectr on mic roscope 

grid. ( Figure 46) 

ThG virus, t e ntatively call ed daphne ...rrMV (D-TMV), 

could not be increased in herbaceous hosts (B. glutinos~, 

B. cle ve_la ndii, g. taba cum and C. guinoa) by inocul a ting 

from daphne l eaves or flowers , or from partially purified 

preparations f rom daphne l oaves . The l at t e r \9'ere ex trac ted 

in 0 . 5M K-K2 phosphate , pH 8 . 0 plus 1 . CT}~ 2 -merca~toe thanol, 

incuba te d wi th chl oro fo rm (1 : 1 ; 20 minutes ) and subje cted 

to two cycles of di fferential centrifugat i on, pelle ts be ing 

r e s us pe ndect in O. 01 M K-K2 phosphate, pH 7. 0 . 

Size measurements were limited to a small numb e r 

of particles fro m squash homoge nates as the mucilaginous 

nature of the partially purified preparation prevented 

suitable definition in negative stain . Thirty-two particles 

in pre parations from D. cne orum a nd Leucanthe had an average 

length of 300nm and an a vera ge width of 15nm. (Figure 46) 

Very low concentrations of TMV have been detected 

in cotton (15) but the significance of such low concen­

trations in daphne is unknown as many infected specimens 

of both Leucanthe and D. cneorum were symptomless. 



FIGU RE 39 : Cheno podium guinoa specimens with sys temic 
chlorotic flecks and blotches caused res pect ­
ively by two different i s olates of DVY -1. 

(a) three week s after infect ion 

(b) five wee ks after infection 
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FIGURE 40 : Chlorotic local l esions caused by DVX in a 
cotyledon of cow pea. 

FIGURE 41: Irregular necrotic local lesions with red 
halos in G. globos a in f ected with DVX . 

12 1 
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FIGU RE 42 : Chenopodium quinoa with systemic chloro tic rings 
and blot ches caused by DVX . 

FIGURE 43: Chlorotic local lesions (on cotyledon) and faint 
systemic chlorot i c stipple in first true leaf of 
cucumber infected with DVX . 



FIGURE 44: 

FIGURE 45: 

Particles of DVY in squash homogenates from 
daphne flowers. 

(a) 

(b) 

poor 
PTA , 

contrast 
pH 4 .0 ; 

negatively stained in 

clear contrast negatively stained in 
neutral 2% AmMo; 

(c) clear contrast shadow- cast with platinum . 

Daphne virus X in squash homogenates from 
D. cneorum flowers negatively stained with 
neutral 2°/4 PTA . 
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FIGURE 46 : Mixed infections of rod viruses in squash 
homogenates from D. cneorum flowers ne gatively 
stained with neutral 2% PTA . (Bar represents 
100nm) 

(a) DVX (X) and DVY (Y) 

(b) DVX (X) and D- TMV (T) 

124 
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CHAPrER 3 

PRODUCTION Al\TD MAINENANCE OF -----~--- - --•- •---.r•·- -... - --• 
' HIGH-HEALTH· STOCK 

Production of 'high-health' da phne 

Seve ral methods are commonly employed for the 

production of ve getative plant material free of detectable 

viruses (hereafter termed 'high-he alth'). Indexing may 

reveal the existence of 'high -health' specimens but if a 

cultivar is wholly infected, 'high - heal th ' plants may be 

produced by exploiting erratic virus distributj_on, meristem­

tip culture , heat treatment or chemotherapy. 

Althougherratic virus distribution was not noted 

in da phnes , 'high -heal th' specimens of Leucan the and Rubra 

were found and thes e are currently being i ncrease d for 

release to the nursery industry. 

Meristem-tip culture has bee n employed success­

fully for elimination of viruses in a number of herbaceous 

plants but in few woody plants . Of the latter group , 

gooseberry (4), and apple (2) have been successfully 

propagated from meristem-tips using a stock solution plus 

the cytokinin, benzyl-amino-purine. 

In a single trial meristem-tips from young Leucanthe 

.specimens taken during the autumn growth flush were success­

fully maintained on filter paper bridges with a stock 

solution (6) plus 10-?M benzyl-amino-purine (2). The 
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specimens expanded slightly over several months but failed 

to initiate roots, a r esult also noted in trials with apple 

(2). It is possible however that if the me dium could be 

improved to further increase the size of tips they could be 

gr af ted onto s eedlings of suitable D~~n~ species. 

Thermotherapy has been em ployed successfully for 

the r emoval of viruses f rom a large number of plants. Young 

Leuc anthe plant s in an active s tate of growt h were exposed 

to 100C for two weeks following a pre liminary acclimatization 

period at 85C. One to 2cm ti ps fro m growth made at th~ high 

temperatures were then taken for propagation but at the 

time of wri ting these had not been reindexed. A combination 

of thermotherapy and meriste m-tip culture was not attempted, 

but has been used successfully for other plants (3). 

Mai ntenan~e of 'h igh-health' _&~~t~ 

'High-health' plants may be c ome infected with 

viruses by vectors such as nematodes and aphids. Two of 

the viruses from daphne (ArMV and TobRSV) are nematode­

transmitted and four (AMV, CMVj DVY and TobRSV) are aphid­

borne. 

Spread by nematodes is very slow and can be 

avoided by eliminating infected plants or avoiding nematode­

infected sites . Conversely, spread by aphids can be rapid 

and plants may become infected from more distant sources . 

All aphid-transmitted daphne viruses are carried 

in a non-persistent manner . This mode of transmission is 

characterized by rapid acquisition of the virus (5 - 15 

seconds), a short period in which the aphid is viruliferous 

(1 - 2 h) and rapid reinoculation. Therefore, viruses 
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transmitted by thi3 method are carried orily re latively short 

distances, and plants can be i ~oculated before the aphid 

v~ctor is killed by insGc titj ~es. 

Absolute aphid control is only possible using 

aphid-proof houses but this is only economically feasible 

on a small scale, a nd could be used for maintaining a nucleus 

stock of 'h igh-health' pl a nt s . Rooted daphne cuttings are 

frequently grown in open fiel ds and if originally from a 

'high-health' source could be partially protected from 

infection by isolating from virus sources, use of oil sprays 

which prevent transmission of non-persistently transmitted 

viruses (1), or by using aphid repellants, namely chemicals 

(7) and aluminium foil (5). The l a tter reflects ultraviolet 

light which deters a ir-borne aphids from alighting and 

would be readily applicable to daphnes 9 some of which are 

presently grown through pl as tic mulch. 

The high percentace infection of common Daphne 

cultivars in nurseries is evidence that ve ge tative propa­

gation is the main method by which plants infected with DVY 

and ArMV are produced. Cons equently, the availability of 

'high-health' stock of common cultivars such as Leucanthe 

and Rubra should make a significant contribution to the 

growing of healthier specimens of these cultivars. 



1 • 

2 . 

3 . 

BIBLIOGRA PHY 

Bradley , R.M.E . (1963) . Some ways in wh ic h 

oil impedes a phid transmission of P . V. Y. 

Microbial . 9 : 369-80 . 

paraffin 

Can . J . 

F.lliott, R.F. ( 1 972 ) . Axenic culture of shoot apices 

of ap ple . N.Z.J . Dotany 10 . 254-8 . 
Hol l ings , M. ( l 96 5) . Disease c ontrol through virus -

free s tock. Ann . Rev . Phytopath . 3 . 372 - 39 . . 
4 . Jones, O. P . and Vine , S.J . ( 1968) . The cultu re of 

gooseberry shoot ti ps for elimi,,rnting virus . 

J . hort . Sci . 43 : 289- 92 . 
5. S~i t h , r . F . and Webb , R.E . (1969) . Repelling a phids 

137 

by reflective sur fac es , a new a pproach to t he control 

of insect - transmi tted viruses . pp . 63 1- 9 . In Viruses , 

Vectors and Ve getation (Maramorosch , K., ed . ) . 

6 . Stone , C. M. (1 963 ) . Factors affecting the gr owth of 

carnat ion Dlants f r om shoot apices . Ann . appl . 

F iol . 52 : l 99- 209 . 

7 . Zschiegner, H. T ., Fritzs c he , R. and Thie l e , S . (1 972) . 

Repe llent che micals for a phid transmit ted v iruses . 

Rev . Pl . Path . : 3 84 5 . 




