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S U M M A R Y  

Dahlia mosaic virus (DMV) infected twenty-five of the eighty-five plant 
species from four of eighteen families inoculated, but only dahlias were 
found naturally infected. DMV infected fourteen members of the Solanaceae, 
Amaranthaceae and Chenopodiaceae, and eleven of twenty-nine Compositae. 
Verbesina encelioides was the best plant for diagnosis, assay and source of virus. 
Systemically infected hosts contained ovoid intracellular inclusions 2.5-10 pm 
in diameter which were shown by electron microscopy to consist of a finely 
granular, vacuolated matrix containing numerous virus particles. V. encelioides 
sap was sometimes infective after dilution to 1/2000 but not 1/3000, after 
heating for 10 min to 75 "C but not 80 "C, and after 4 days at 18 "C or 32 days 
at 2 "C. Sap from infected dahlia, Zinnia elegans or Ageratum houstonianum 
rapidly became non-infective, but extracts made with 0.05 M sodium thio- 
glycollate or 0.03 M sodium diethyldithiocarbamate remained infective for 
24-48 h at 18 "C. Some purified preparations remained infective for up to 
3 years at 2 "C. 

DMV was best purified from V.  encelioides by one or more cycles of 
differential centrifugation, followed by density-gradient centrifugation and 
further concentration. Composition, molarity, and p H  of the extracting buffer 
had little effect on yield of virus. Best yields were obtained from extracts 
stored with 8.5 % (v/v) n-butanol at 2 "C for 10-14 days. Purified prepara- 
tions were infective at dilutions up  to 1/5000, had ultraviolet absorption 
spectra typical of a nucleoprotein (A 260/280 = 1-47), probably contained 
DNA, and had a single sedimenting component having isometric particles 
c. 50 nm in diameter with a sedimentation coefficient of 254 S. The crypto- 
gram of DMV is (D)/":"/(16):S/S:S/Ap. 

DMV is serologically closely related to cauliflower mosaic virus, but the 
viruses are distinct pathogens. The two viruses have similar properties, size, 
shape and other characteristics, and together with at least three others form 
a small but apparently homogeneous group of aphid-borne viruses. 

I N T R O D U C T I O N  

For over fifty years dahlia mosaic virus (DMV) has caused concern in the U.S.A. 
(Goldstein, 1927; Brierley, 1933) and Europe (e.g. Brandenburg, 1928), and it is often 
the most prevalent and damaging of the four viruses infecting dahlias in Britain. It has, 
however, remained imperfectly characterized. Brierley & Smith (1950) described some 
of its properties, host reactions and relations with its principal aphid vector (Myzus 
persicae Sulz.). Other properties of DMV and its serological relationship to cauliflower 
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358 A. A. BRUNT 
mosaic virus (CIMV) have been briefly described (Brunt, 1 9 6 6 ~ ) ;  some additional 
hosts and properties of the virus are reported here. 

M A T E R I A L S  A N D  M E T H O D S  

Test plants were grown and inoculated as described previously (Brunt, 1966b), 
except that partially purified virus preparations were frequently used as inocula to 
overcome the inhibitors of infection in Compositae. Typical isolates from ‘ Jescot 
Jim’ and ‘Jean Barnes’ dahlia were cultured in ‘Ideal Bedder’ dahlia and Verbesina 
encelioides (Cav.) B. & H., and shown to be free of other viruses by inoculation to 
a wide range of test plant species, serological tests, analytical ultracentrifugation and 
electron microscopy. 

No reliable local lesion assay host was available, and crude infectivity assays were 
made by recording the proportion of inoculated V .  encelioides plants that became 
infected. 

When required for comparative tests, an isolate of ClMV obtained originally from 
Rothamsted Experimental Station was cultured in Brassica pekinensis Rupr. or 
B. juncea Coss. and purified as described by Day & Venables (1960). 

Sucrose density-gradient columns were prepared in 3 x I in cellulose nitrate tubes 
using 4, 7, 7, and 7 ml of 10, 20, 30  and 40% (w/v) sucrose, respectively, all dilutions 
being made with either 0.033 M phosphate buffer at pH 7 6  or 0-1 M borate buffer at 
p H  8.0. 

Purified preparations were examined in a Spinco Model E analytical ultracentrifuge, 
usually at 21 I 50-23 I 50 rev/min, using the An-D rotor and Schlieren optics. Sedi- 
mentation coefficients were calculated by Markham’s (1960) graphical method. 

Virus preparations were ‘negatively stained’ before examination in an AEI 6B 
electron microscope. Samples were added to equal volumes of 2 % ammonium molyb- 
date (pH 6.8) or 2 % potassium phosphotungstate (pH 6*8), and a drop of the mixture 
was mounted on a carbon-coated grid. To avoid isoelectric precipitation of virus when 
using saturated uranyl acetate or uranyl formate, the preparations were allowed to 
dry on the grids before exposure to the stains for 2-3 min. 

The ring precipitin (Black & Brakke, 1954) and micro gel-diffusion (Mansi, 1958) 
tests were mostly used for investigating serological reactions. A Shandon Universal 
micro-electrophoresis apparatus was used for immuno-electrophoresis; 0 . 0 3 3 ~  
phosphate buffer at pH 7.6 was used as the tray buffer and for preparing the 0.9% 
Ionagar no. 2 (Oxoid) gel. 

R E S U L T S  

Detection, field occurrence and identity of the virus 
Detection. Dahlia leaves contain much phenolic material; this, and the activity of 

dahlia leaf phenoloxidase, are both increased by virus infection (Martin, 1954; Lawson 
& Taconis, 1965). Early failures to transmit DMV from infected to healthy dahlias by 
mechanical inoculation of sap (Brierley, 1933), and transmission rates of 10% or less 
obtained later (Brierley & Smith, 1950), probably resulted from the rapid inactivation 
of virus by o-quinones or other complex phenolic materials. Inactivation can be de- 
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Dahlia mosaic virus 3 59 
layed and virus transmission greatly facilitated by grinding infected leaves in liquid 
nitrogen (Lawson & Taconis, 1965). However, extracts prepared in 0.05 M phosphate 
buffer (pH 7.6) at 2 "C containing either an inhibitor of polyphenoloxidase (0.01- 

o.ooo5 M sodium diethyldithiocarbamate) or a reducing agent (0.03 M ascorbic acid, 
cysteine hydrochloride or thioglycollic acid) often remained infective for up to  48 h 
at 18 "C, and rarely failed to infect V .  encelioides. 

Field occurrence. DMV is often prevalent, for it is transmitted efficiently by many 
aphid species commonly infesting dahlias (Kennedy, Day & Eastop, 1962), and tolerant 
cultivars often remain unsuspected reservoirs of infection. Using inocula prepared with 
antioxidants, DMV was transmitted from numerous cultivars including Disneyland, 
Dreamboat, Edinburgh, Jean Barnes, Jescot Jim, Shirley Westwill, Border Princess 
and Arc de Triomphe; infected plants were mostly stunted with chlorotic vein-band- 
ing leaf symptoms, but virus was also obtained from other cultivars with inconspicuous 
symptoms. DMV often occurred in combination with cucumber mosaic virus and, less 
commonly, with tobacco streak or tomato spotted wilt viruses ;these however were readily 
separated and subsequently identified by host plant reactions and/or serological tests. 

DMV was not obtained from any of the following members of the Compositae which 
had virus-like symptoms and were sometimes found near infected dahlias : Bellis 
perennis L., Chrysanthemum morifolium Ramat., Dimorphotheca pluvialis Moench.) 
Lactuca sativa L., Taraxacum oficinale Weber, Sonchus arvensis L. and S. oleraceus L. 
DMV was never found in other weeds or cultivated plants, and natural infection is 
apparently restricted to dahlia. 

Identity of the virus. The virus, when transmitted from infected plants by aphids 
or by mechanical inoculation of sap, induced symptoms typical of DMV in dahlia 
(Brierley, 1933), Verbesina encelioides and Zinnia elegans Jacq. (Brierley & Smith, 1950), 
and all three hosts produced intracellular inclusions similar to those long known to 
occur in DMV-infected dahlias (Goldstein, 1927). Without antioxidants, it was sap- 
inoculated to V .  encelioides from Z .  elegans and dahlia with difficulty, but readily from 
V. encelioides; it was not seed-borne in these hosts, but was transmitted efficiently 
between the three species by Myzus persicae which can retain the virus for c. 3 h. The  
virus was also moderately stable in V. encelioides sap ; it was, therefore, indistinguir h- 
able from the isolate previously studied in the U.S.A. (Brierley & Smith, 1950). 

Indicator plants and host range 
DMV infects Coreopsis douglasii (Gray) Hull symptomlessly, and induces mosaic 

symptoms in Sanvitalia procumbens Lam., Zinnia elegans and Verbesina encelioides 
(Brierley & Smith, 1950), the last two proving useful indexing hosts (Brierley, 1951). 
I n  my tests 2. elegans was difficult to infect, produced inconspicuous symptoms, and 
was little better than dahlia as an indicator plant and source of virus. V .  encelioides, 
however, was infected readily, produced diagnostic symptoms and was consistently the 
best source of inocula and of virus for purification. In  autumn and winter, inoculated 
V. encelioides leaves developed up to twenty-five circular chlorotic or semi-necrotic 
local lesions 2-4 mm in diameter after 10-15 days (Plate, fig. I )  followed 2-12 days 
later by systemic symptoms consisting of narrow chlorotic vein-banding and slight 
leaf distortion, as described by Brierley & Smith, (1950). V .  encelioides grows rapidly, 
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360 A. A. BRUNT 
and at 20 "C or above most infected plants flower without producing conspicuous 
symptoms. Removing the shoot apex delayed flowering, and encouraged axillary 
shoots to develop ; leaves on such shoots developed broad chlorotic vein-banding 
(Plate, fig. z )  followed by general chlorosis (Plate, fig. 3), symptoms more severe than 
those on 'unstopped' plants and similar to those often found in naturally infected 
dahlias. 

DMV also infected seven of twenty-nine other members of the Compositae inocu- 
lated, inducing systemic chlorosis in Dahlia merckii Lehm., Cosmos bipinnatus Cav., 
Zinnia linearis Berth, Z. angustifolia HBK, Senecio cruentus DC. Matador, Ageratum 
houstonianum Mill. and A. conyxoides L. Blue Ball, Blue Mink, Fairy Pink, Florists 
Blue, Imperial Dwarf Blue and Little Dorrit. Inoculated leaves of Blue Mink occasion- 
ally produced circular chlorotic lesions c. 2-4 mm in diameter (Plate, fig. 4) but, as in 
V .  encelioides and several Chenopodium species, the lesions were produced too erratic- 
ally for reliable diagnosis and quantitative assays. 

DMValso infected and was readily re-isolated from some members of the Solanaceae, 
Chenopodiaceae and Amaranthaceae. Inoculated leaves of Chenopodium capitatum (L.) 
Aschers, C.  murale L. (Plate, fig. 5 )  and C. quinoa Willd. produced faintly chlorotic 
local lesions 2-3 mm in diameter after I 5-20 days and slight systemic chlorosis several 
days later. DMV induced inconspicuous systemic chlorosis in C. ambrosioides L., 
C. botrys L., C. foetidum Schrad. and C. pallidicaule L. but failed to infect five other 
Chenopodium species. 

Of the three members of the Amaranthaceae inoculated, DMV infected only 
Amaranthus caudatus L. inducing a few circular chlorotic local lesions 1-2 mm in 
diameter after 10-20 days followed by a mild systemic mottling. 

Of a wide range of other species inoculated, DMV caused systemic infection in 
Petunia hybrida ViIm. Alderman, Cheerful, Fire Chief, Rosy Morn and Silver Blue, 
PhysalisJEotidana Rydb., Nicotiana clevelandii Gray and N .  rustica L. ; only occasional 
plants of P. hybrida Alderman produced conspicuous leaf chlorosis, and infectivity 
assays indicated that all four species had a low virus content. DMV occasionally 
caused symptomless local infection in N .  tabacum L. White Burley, although not in 
Dutch A, Xanthi-nc or Havana 425, but failed to infect several other members of the 
Solanaceae. 

The following species were also not infected: AIZOACEAE-Mesembryanthemum 
crin$orum L. ; AMAMNTHACEAE-Gomphrena globosa L., Tetragonia expansa Murr. ; 

CHENOPODIACEAE-Atriplex hortensis L., Chenopodium amaranticolor Coste & Reyn., 
C. album L., C. bonus-henricus L., and C. opulifolium Schrad. ex Koch & Ziz. ; CISTACEAE 

-Helianthemum mummularium Mill. ; CoMPosITAE-Arctotis acaulis L., Aster novi belgii 
L., Bellis perennis L., Calendula oficinalis L., Callistephus chinensis Nees, Centaurea 
cyanus L., Chrysanthemum coccineum Willd., Cichorium intybus L., Coreopsis tinctoria 
Nutt., Doronicum caucasicum Bief., Emilia sagittata DC, Helianthus annus L., Heliopsis 
helianthoides Sweet cv. pitcheriana Hort., Helenium autumnale L., Helichrysum belli- 
dioides Willd., hu la  grandifEora Willd. Golden Beauty, Lactuca sativa L. Feltham 
King and Density, Senecio vulgaris L., Sonchus asper L. Hill, Tagetes erecta L., 
Taraxacum oficinale Weber and Tithonia rotundgolia Blake Torch ; CRUCIFERAE- 

BALSAMINACEAE-ImpatienS balsamina L. ; CARYOPHYLLACEAE-Dianthw caryophyllus L. ; 

 17447348, 1971, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1744-7348.1971.tb02937.x by C

ochrane C
anada Provision, W

iley O
nline L

ibrary on [31/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Dahlia mosaic virus 361 
"Brassica juncea Coss., B. napo brassica Hill (swede), B. oleracea botrytis L. (cauli- 
flower) All the Year Round, Early Snowball and Purple Sprouting, B. oleracea capi- 
tata L. (cabbage) Nonpareil and Winnigstadt, "B.pekinensis Rupr., B. rapa L. (turnip) 
Early Snowball, and Matthiola k a n a  R. Br. ; CUcuRBITAcEAE-Cucumis sativus L. 
Butchers Disease Resister, Momordica charantia L. ; LABIATm-Salvia splendens 
Sello. ; MALVACEAE-Althea rosea cav. ; NYCTAGINACEAE-*ikfirabilis jalapa L. ; 
PAPAVERACEAE-Chelidonium majus L. ; PAPILLIONACEAE-Arachis hypogea L., Glycine 
max Merr., Phaseolus vulgaris L. Pinto, Scotia, The  Prince, Canadian Wonder, Vicia 
faba L. Giant Green Longpod and Vigna sinensis Savi Blackeye; PORTULACACEAE- 

Calandrinia discolor Lindl. ; SOLANACEAE-Capsicum frutescens L. Yo10 Wonder, Datura 
stramonium L., Lycopersicon esculentum Mill. Minibelle, and Nicotiana glutinosa L. ; 
sCRoPHuLARIACEAE-Antirrhinum majus L., Digitalis purpurea L. and Torenia fournieri 
Lindl. ; TROPAEOLACEAE-Tropaeolum majus L. 

Although serologically related to CIMV, DMV failed to infect several members of 
the Cruciferae inoculated either by aphids or mechanically with concentrated and 
purified virus preparations. In  similar tests ClMV failed to infect V. encelioides and 
dahlia, although these species are readily infected by less stable viruses such as cucum- 
ber mosaic and tomato spotted wilt. It also infected N .  clevelandii which is thus the 
only known common host of the two viruses; with both viruses, however, N .  cleve- 
landii proved difficult to infect, produced symptoms irregularly and was unsuitable for 
cross-protection tests. Both ClMV and DMV failed to infect Mirabilis jalapa and 
carnation, two other species in which morphologically similar viruses occur. 

Intracellular inclusions and intracellular location of DMV 
Epidermal peelings from all systemically infected species, when stained with 0-5 yo 

trypan blue and/or 0.5 % phloxine (McWhorter, 1941), contained spherical or ovoid 
vacuolate intracellular inclusions or X-bodies (Plate, fig. 8) similar to those first found 
by Goldstein (1927) in infected dahlias, and those induced by ClMV in members of 
the Cruciferae (Rubio-Huertos, 1956). The inclusions usually occurred in the cyto- 
plasm adjacent to, but never within, the nuclei. The diameter of sixty-five inclusions 
in C. capitatum ranged from 2.5 to 16.5 pm, but most (42/65) measured 5-Iopm. The  
inclusions were found rarely and measured only c. 2-5 p m  in solanaceous hosts, but 
they were particularly abundant and 5-10 pm in diameter in less tolerant hosts like 
dahlia, V. encelioides, C. capitatum C. quinoa and C. foetidum. 

Infected V. encelioides leaves were fixed, embedded, sectioned, stained and examined 
in a Siemens Elmiskop I electron microscope (Brunt, 1969). Organelles of infected 
cells were apparently undamaged, but the intracellular inclusions were readily detected ; 
many mature cells contained a single inclusion, but some undifferentiated cells con- 
tained two to eight smaller inclusions. The inclusions, like those found in DMV- 
infected dahlia (Kitajima & Lauritis, 1969) and 2. elegans (Kitajima, Lauritis & 
Swift, 1969), were frequently ovoid or elliptical, apparently lacked a limiting mem- 
brane, and consisted of an amorphous, vacuolated, electron-dense matrix containing 
numerous apparently hollow 'spherical' virus particles c. 40-46 nm in diameter. The  

* M .  persicae also failed to transmit DMV from V. encelioides to these species. 
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362 A. A. BRUNT 
size, shape and virus content of these inclusions was thus very similar to those induced 
by ClMV in members of the Cruciferae (Fujisawa, Rubio-Huertos, Matsui & Yama- 
guchi, 1967). 

Properties in sap 
Dilution end-point. The maximum infective dilution of sap from young V. encelioides 

leaves was often I/~OO-I/IOOO and never exceeded 1/2000; that of older leaves rarely 
exceeded I/IOO. Other hosts contained even less virus; sap from Physalis joridana, 
Ageratum mexicanum and Nicotiana clevelandii was only occasionally infective at 
dilutions exceeding I / I 0, whilst sap from Amaranths  caudutus, Petunia hybrida, 
Chenopodium capitatum and C. quinoa was usually infective at dilutions of I /IOO-I /5oo. 

Stability in vitro. V. encelioides sap remained infective for 2-4 days at 18 "C and for 
8-16 days (occasionally 32 days) at 2 "C. Many purified preparations remained in- 
fective for c. 15 weeks at 2 "C and a few, which remained free of micro-organisms, 
for 3 years. The stability of DMV in P. hybrida sap was similar, but dahlia, A. mexi- 
canum and Z .  elegans saps often lost infectivity within a few minutes at 18 "C, although 
they remained infective for 24-48 h when prepared with 0.03~ thioglycollic acid 
and/or 0.005 M sodium diethy ldithiocarbamate. 

Thermal inactivation point. Sap (infective at 1/2000) infected all fifteen V. encelioides 
plants inoculated, but aliquots of undiluted sap heated for 10 min to 60,65,70,75 and 
80 "C infected 12/15, 12/15, 6/16, 3/16 and 0/14 plants respectively. The thermal in- 
activation point of 75-80 "C differs from the 90-95 "C of an isolate studied by 
Brierley & Smith (1950). 

Purz;fication 
Differential centrifugation gave much better virus yields than precipitation pro- 

cedures using ammonium sulphate (25-50 %, w / ~ ) ,  and infectivity was invariably lost 
by treatment with ethanol or acetone. Preparations from young recently infected 
leaves of V. encelioides were always more infective than those from N .  clevelandii, 
dahlia, 2. elegans, P.  hybrida, A .  conyzoides and C. quinoa. 

In  the presence of a reducing agent (0.01 M cysteine, 0.03~ thioglycollic acid, 0.02~ 
2-mercapto-ethanol or 0.01 M ascorbic acid), phosphate, tris-HCI, and borate buffers 
of varying molarity (O.I-O*OOI M) and p H  (6.0-8.5) had little effect on the amount of 
virus recovered. Sap clarified with n-butanol(8.5 %, v/v) was more infective than sap 
clarified with celite (0.1 g/ml), charcoal (I g/ml), bentonite (0.87 g/ml), ether (30%, 
v/v), chloroform (30 yo, v/v), ethanol (30y0, v/v), carbon tetrachloride (30y0, v/v), 
freezing and thawing, briefly heating to 60 "C, or lowering the pH to 5.2. Yields of 
virus ucually increased during storage of extracts with n-butanol at 2 "C for up to 
10-14 days, possibly due to the release of virus particles from disrupting intracellular 
inclusions. Because DMV is relatively stable in vitro, difficulties in obtaining highly 
concentrated preparations seem to result either from the low virus content of infected 
plants or the failure of particles to be released from intracellular inclusions. 

The following procedure, giving estimated yields of up to 500 pg/kg of leaf tissue, 
was finally adopted. Systemically infected V. encelioides leaves with acute symptoms 
were harvested 14-25 days after inoculation, and blended (I g/2 ml) with an extractant 
at p H  8.0 containing 0.05~ disodium hydrogen phosphate and 0.01 M ascorbic acid. 
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Dahlia mosaic virus 363 
Sap was expressed through muslin, and n-butanol was added to 8.5% (v/v); after 
storage at 2 "C for 10-14 days, the extract was centrifuged at 13 ooo g for 15-20 min, 
and virus then sedimented by centrifugation for I h at 28000 revfmin (Spinco R.30. I 
rotor). The  pellets were dispersed in 0.005 M phosphate buffer (pH 7.6), and insoluble 
matter removed by brief low-speed centrifugation. Centrifugation on sucrose density- 
gradient columns for 2 h at 24000 rev/min (Spinco SW 25. I rotor) separated virus 
from remaining ribosome fragments, phytoferritin and PI protein ; the virus-containing 
zones were removed, diluted 2-3-fold with 0 . 0 6 7 ~  phosphate buffer, and virus re- 
concentrated by centrifugation for 45-60 min at 38000 rev/min (Spinco R. 40 rotor). 
The  better preparations were usually slightly opalescent, infective to a dilution of 
I /so00 and contained numerous particles, but most contained insufficient virus for 
analytical ultracentrifugation and physico-chemical studies. 

Properties in puriJied preparations 
Density-gradient centrqigation. All preparations made by differential centrifugation 

alone, when centrifuged for various periods at 24000 rev/min (Spinco rotor SW 25. I )  
in 10-40 yo linear sucrose gradients, produced a 2 mm light-scattering band containing 
much ribosomal material immediately below the meniscus, a band containing much 
Fl protein a little lower and a green translucent pellet at the bottom of the tubes. Most 
preparations also produced a discrete bluish virus zone 9-12, 18-20 and 28-30 mm 
below the meniscus after centrifugation for 0.5, I and 2 h respectively but a few, pre- 
sumably due to aggregation, produced broad zones extending almost to the bottom of 
the tube. 

After centrifuging 0.2 ml of purified virus at 24000 rev/min for 2h, the contents of 
the tubes were displaced from below with 70 % sucrose; twelve fractions, each of 2 ml, 
were collected and each tested for infectivity, absorbance at 260 nm and, after removal 
of sucrose, for the presence of virus particles. The  results, given in fig. I show that 
maximum absorbance, infectivity and relative particle concentration are all correlated 
with the presence of the bluish visible zone at the level having a density of 1.1  1-1-12 g/ 
cm3. Other lower fractions contained a few virus particles, but were non-infective. 

UZtravioZet absorption. The  optical density (OD) of virus preparations was measured 
in light wavelengths from 230 to 320 nm, the values obtained being corrected for 
light scattering. The  contaminants in preparations made by one or two cycles of 
differential centrifugation alone obscured any specific absorption at 260 nm, but virus 
further purified by density-gradient centrifugation produced O D  profiles typical of 
a nucleoprotein with maximum and minimum absorbance at c. 260 and 240 nm, res- 
pectively. The ratios of OD 260/280 and 260/240, were 1-47 and 1.16 respectively, 
values close to 1.39 and 1-17 given by ClMV (Pirone, Pound & Shepherd, 1961). 
Spectrophotometric methods (Paul, I 959) can give misleading estimates of nucleic 
acid contents, but the 280/260 absorption ratio of 0.66 suggests that, like ClMV 
(Shepherd, Bruening & Wakeman, 1970)) DMV contains 16-18 % nucleic acid. 

Unlike preparations of several other isometric plant viruses, those of DMV failed 
to react with orcinol, but a few reacted weakly with diphenylamine. However, because 
of the low virus content of preparations, attempts to test the effect of nucleases on 
infectivity, and to characterize the nucleic acid further, gave inconclusive results. 
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364 A. A. BRUNT 
Analyticalultracen2rzjcugation. Saps from infected and healthy V. encelioides produced 

identical Schlieren profiles, usually with components having uncorrected szo,w values 
of 18 S (Fl protein), 58 S and 72 S (both probably ribosomes). Repeated failures to 
detect virus-like components suggests that infective sap contains less than 0.1 mg of 
virus/ml (Markham, 1960). The better virus preparations, however, contained a single 
component with a sedimentation coefficient of 236 S which, when corrected to stan- 
dard conditions and infinite dilution, had a value of 254 S. 
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Text-fig. I .  Absorbance, relative particle concentration and infectivity of z ml fractions 
from a density-gradient tube after centrifuging 0’2 ml of partially purified virus at 
24000 rev/min for z h in a Spinco R 25.1 rotor. 0-0 = optical density at 260 nm; 
histogram illustrates relative particle concentration and infective fractions (stippled). 

This is higher than the value of 216 S previously obtained for DMV (Brunt, 1966~) 
when using ClMV = 222 S (Piron? et aZ. 1961) as a calibration standard; the sedi- 
mentation velocity of ClMV was therefore re-examined. Three undiluted preparations 
gave values of 222-228 S (8 225 S), but these and two other preparations diluted three- 
or sixfold with 0.1 M - K C ~  at pH 7.0 gave values of 242-246 S which, when corrected 
to standard conditions and infinite dilution, ranged from 248 to 254 S (8 252 S). 
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Dahlia mosaic virus 365 
Electron microscopy. Sap, negatively stained with neutral 2 % potassium phospho- 

tungstate, from infected but not healthy V. encelioides, N .  clevelandii, P. hybrida, 
C. quinoa and C. capitaturn, regularly contained scattered groups of five to eight 
spherical particles (Plate, fig. 7); because such particles were found only rarely in sap 
from infected dahlias, electron microscopy is unreliable for the rapid detection of DMV. 

Similar particles were present in infective virus preparations, but not in comparable 
preparations from healthy plants. Most particles were uniformly spherical although 
some of those removed directly from density-gradient columns were flattened, slightly 
distorted but mostly unpenetrated by phosphotungstate. The diameters of the 255 
particles, measured either directly from the micrographs or after enlargement, ranged 
from 40 to 58 nm; however, 144 (56.5 %) measured 47 a 2 nm when compared with 
tobacco mosaic virus particles (300 nm), and 48 k 2 nm when using a diffraction grating 
replica as an internal calibration standard. Another eighty-one particles (3 1.8 %) were 
within 5 - 6  nm of the mean values. 

Particles mounted in potassium phosphotungstate showed little surface structure. 
I n  saturated uranyl acetate and uranyl formate they appeared to have protein shells 
c. 1 5  nm thick enclosing a central hollow core 20 nm in diameter (Plate, fig. 6), and 
were thus similar to those of ClMV in uranyl acetate (Hills & Campbell, 1968); in 
both uranyl ‘stains ’ many of the particles were aggregated, severely distorted, swollen 
or disrupted, even after fixation in 5 yo glutaraldehyde, although surviving particles 
showed some surface structure. Neutral 2% ammonium molybdate was the least 
damaging of the ‘stains’ tested, but also provided the least contrast. 

Serological reactions. An antiserum, prepared and stored as described previously 
(Brunt, 1966a), had a homologous titre of I / ~ I Z  in gel diffusion tests but satisfactory 
serological reactions were obtained only when virus preparations contained at least 
5-5opg virus/ml. The antiserum also reacted well in precipitin ring tests (Black 
& Brakke, 1954) but, because of insensitivity or spontaneous precipitation of the virus, 
microprecipitin drop tests and precipitin tube tests were less satisfactory. I n  gel 
diffusion tests the better DMV preparations produced a curved line of precipitate 
close to the antigen depbt within 24-48 h at 18 “C, but weaker preparations reacted to 
maximum intensity only after 3 days or more. Addition of I mg/ml protamine sulphate 
to the gels failed to increase the rate of reaction, the slowness of which probably re- 
sulted from a low virus content and not impeded diffusion caused by electrostatic 
binding to agar components (Conant & Barron, 1967). 

Many attempts were made to use serological methods for the rapid detection of 
infection in dahlias and other hosts. Clarified sap from C. capitatum, but not from 
dahlias, petunias or V. encelioides, reacted specifically with the antiserum. The  failures 
probably resulted from the low virus content of saps because even concentrated virus 
preparations that reacted well in gel-diffusion tests failed to do so after dilution to 
only 1/16 or 1/32. 

In  further serological tests, DMV proved to be closely related to ClMV but neither, 
however, reacted with antisera to one or more serotypes of nineteen other smaller 
isometric viruses. Two antisera to ClMV with homologous titres of 1/128 reacted to 
a dilution of 1/64 against DMV, and the DMV antiserum reacted to dilutions of I / S I Z  

and 1/256 when tested against DMV and CIMV, respectively. This relationship was 
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366 A. A. BRUNT 
often demonstrated qualitatively in gel diffusion tests, but further attempts to investi- 
gate the degree of relationship proved unsuccessful because only ClMV was consis- 
tently obtained in sufficient quantity. 

For immuno-electrophoresis, I 6 ,ul of purified virus preparation was subjected to 
electrophoresis at 250 V (3-1 V/cm), and the virus then detected by examining the 
slides 24 h after adding antiserum to the serum troughs. Such preparations contained 
a single component which migrated very slowly towards the anode at a mean rate of 
0.6 mm/h (5 .3  x IO-' cm2/V/sec). This slow anodic movement was confirmed by 
staining the virus protein within the gel with I % amido black. 

D I S C U S S I O N  

The virus described as dahlia mosaic virus in France can be readily purified from 
dahlias (Cornuet, Martin & Limasset, 1950), has 'spherical' particles c. 30nm in 
diameter (LCpine, Croissant, Cornuet & Martin, 1951) and can be detected in dahlia 
sap by a colorimetric test (Martin, 1954); it therefore presumably differs from the virus 
described here. 

Viruses transmitted by aphids are diverse in many respects but can be grouped by 
their particle characteristics, virus-vector relations, serological relationships and other 
properties (e.g. Gibbs, 1969). Until recently, ClMV apparently differed from typical 
non-persistent aphid-borne viruses in having isometric particles c. 50 nm in diameter 
(Day & Venables, 1960; Pirone et al. 1961), and by persisting in feeding aphids for 
more than 3 h (Hamlyn, 1955; Day & Venables, 1961). DMV has many properties 
in common with ClMV and from the closeness of their serological relationship, it 
could be argued that they should now be recognised as virus strains. However, as they 
have distinct host ranges, it is convenient to regard them as separate but related viruses 
which form a small group characterised by the following: 

(i) geographically widespread, but with very restricted natural host ranges; (ii) 
transmitted by many aphid species; (iii) persisting in feeding aphids for c. 3 h ;  (iv) 
inducing in systemically infected plants ovoid or elliptical intracellular inclusions, 
2.5-10 p m  in diameter, containing an amorphous matrix, lacunae and virus particles; 
(v) moderate stability in sap, surviving at 75-80 "C for 10 min and withstanding some 
organic solvents, but with maximum infective dilutions rarely exceeding 1/3000; 
(vi) isometric particles 48-50 nm in diameter which are penetrated by saturated uranyl 
acetate and uranyl formate, but not 2 yo potassium phosphotungstate or ammonium 
molybdate; (vii) sedimentation coefficients c. 250-255 S; (viii) contain c. 16 % DNA 
which is probably double-stranded. 

Carnation etched ring virus is serologically related to DMV and ClMV (Hollings & 
Stone, 1969), and both cassava vein mosaic (Kitajima & Costa, 1966) and a virus from 
Mirabilis nyctaginea (Mich.) Macmill. (Kitajima & Brunt, unpublished) have particles 
and properties similar to those of DMV and ClMV; the three are probably members 
of this group. Carrot mottle virus, although also having particles 50 nm in diameter 
and occurring within plants in low concentrations, is not; unlike DMV and CIMV, 
carrot mottle virus is a circulative virus acquired by aphids only from plants infected 
also with carrot red leaf virus, and its particles contain RNA and (probably) lipid, are 
quickly inactivated in vitro by organic solvents, are bounded by a unit membrane, have 
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Dahlia mosaic virus 367 
a low buoyant density, and occur in association with the tonoplast (Murant, Goold, 
Roberts & Cathro, 1969). Currently recognized aphid-borne viruses with ‘spherical’ 
particles about 50 nm in diameter thus apparently form two readily differentiated 
groups. 

Unlike all plant viruses studied previously, ClMV contains double-stranded DNA 
(Shepherd et al. 1970). The absence of RNA in DMV and its weak reactions with 
diphenylamine suggest that DMV also contains DNA, but further evidence for this is 
required. However, should the possession of DNA prove characteristic of this group, 
the viruses would resemble the oncogenic animal viruses allied to rabbit papilloma 
virus more closely than other plant viruses. 

I thank Drs M. Hollings and Olwen Stone for help in preparing the antisera, R. D. 
Woods for the analytical ultracentrifugations and G. J. Hills and P. T. Atkey for 
help with electron microscopy. The  technical assistance of Miss Joanna Thorne and 
Miss Sue Phillips is gratefully acknowledged. 
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EXPLANATION O F  PLATE 

Fig. I. DMV lesions in Verbesina encelioides. 
Fig. 2. Severe systemic chlorotic vein-banding symptoms of DMV in V. encelioides. 
Fig. 3. Chronic systemic chlorosis induced in V. encelioides by DMV. 
Fig. 4. DMV lesions in Ageratum conyzoides Blue Mink’. 
Fig. 5. DMV lesions in Chenopodium murale. 
Fig. 6. DMV particles from partially purified preparation mounted in saturated uranyl 
formate. 
Fig. 7. Group of DMV particles in sap from Petunia hybrida ‘Alderman’ mounted in 
2 yo neutral potassium phosphotungstate (K-PTA). 
Fig. 8. DMV intracellular inclusions in C .  quinoa leaf epidermal cells stained with 
0.05 % trypan blue. 
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