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Abstract 

In Nerine sarniensis as well as in N. manselli PVX-type virus particles were detected. The virus of 
N. sarniensis could not be transmitted to Gomphrena globosa, Chenopodium amaranticolor, and 
Nicotiana clevelandii, and only incidentally to C. quinoa, in which it multiplied poorly. The virus 
had an average particle length of 541 nm and was serologically distantly related to clover yellow 
mosaic virus (C1YMV). It will be named Nerine virus X (NVX). 

The virus of N. manselli could easily be transmitted to G. globosa, C. amaranticolor, C. quinoa, and 
N. clevelandii. The average particle length measured was 554 nm. It is serologically distantly related 
to PVX, and very closely to narcissus mosaic virus (NaMV). It will be considered as a strain of 
NaMV. 

With their homologous antisera both viruses could be detected in clarified extracts of leaves and 
flowers of their respective Nerine hosts, applying the micro-precipitin test. 

Introduction 

The cultivation of various species of the bulbous plant genus Nerine for cut flower 
production is rapidly expanding in the Netherlands. The leaves, flower stalks and 
flowers may show disease symptoms, presumably caused by virus. The present study 
forms part of a research program to detect and identify possible causal agents of these 
symptoms and to establish the presence of other viruses in Nerine. 

Koenig et al. (1973) reported narcissus mosaic virus to occur in N. bowdenii. Brunt 
et al. (1970) observed a ca 550 nm particle in 'Curiosity' and 'R.H.S. Vermilion'. 
Hakkaart  et al. (1975) observed viruslike particles of about 545 nm in N. sarniensis. 
Later the present author detected similar particles in N. manselli.  This paper deals 
with the identification of these viruses from N. sarniensis and N. manselli. 

Materials and methods 

Source plants. Plants of N. sarniensis and N. manselli  showing various types of symp- 
toms were collected from a nursery and maintained in the greenhouse of the Institute 
of Phytopathological Research, Wageningen. Of N. sarniensis also leaf material was 
collected and stored in the deep-freezer. 

Transmission experiments .  Mechanical transmission was studied using crude and 
partia][ly purified preparations. The latter mainly correspond with fractions B, C, and 
in case of N. sarniensis, also D, mentioned below (virus purification), In addition, 
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inoculum was prepared by homogenizing leaf material in Mcllvaine's phosphate- 
citric acid buffer at pH 7 (containing 0.1 70 thioglycolic acid), diethyl ether and carbon 
tetrachloride, centrifuging the homogenate at low speed, and concentrating the virus 
by high-speed centrifuging. Moreover, for N. sarniensis clarification took place at 
pH 9 according to Huttinga (1973), whereafter centrifuging at high speed was applied. 

As test plants N. clevelandii, G. globosa, C. amaranticolor and C. quinoa were used. 
They were grown in a temperature-controlled greenhouse at about 20~ One-year- 
old seedlings of Nerine bowdenii were supplied by Ir F. A. Hakkaart, Research 
Station for Floriculture, Aalsmeer. 

Virus pur~'cation. Virus was purified from naturally infected N. sarniensis or, as with 
the virus of N. manselli, from N. clevelandii. The latter host was usually inoculated 
twice at a 10 days' interval; the leaves were harvested 7 days after the second inocula- 
tion and stored frozen until use. 

A buffer of 0.1 M tris(hydroxymethyl)aminomethane adjusted to pH 9 with citric 
acid and containing 0.1 70 sodium thioglycolate and 0.02 M sodium diethyldithiocarba- 
mate was used for homogenizing the leaf material and resuspending the sediment after 
precipitation with polyethylene glycol 6000 (PEG). In later steps of the procedure 
sodium thioglycolate and sodium diethyldithiocarbamate were omitted. 

Leaf material was homogenized in a Waring blendor, using buffer and organic 
solvents chilled at 3 ~ Unless otherwise stated, centrifuging at low speed was at 
8 000 rpm for 10 rain in a Sorvall RC2-B centrifuge, the rotor used depending on the 
quantity of material. Centrifuging at high speed to sediment the virus was performed 
in a Beckman ultracentrifuge for 1 or 1.5 h at 25000 rpm using rotors 30 or 35, respec- 
tively, or for 3 h at 25000 rpm when the virus was in sucrose (see below). 

For sucrose-gradient centrifuging 10 ml of partially purified virus, obtained from 
150 or 200 g of leaf material of N. clevelandii or N. sarniensis, respectively, was cen- 
trifuged for 1 h at 40000 rpm in a Ti-14 zonal rotor containing a sucrose gradient from 
10-40 ~ (weight/volume). Gradients were prepared linear with volume using a Beck- 
man gradient pump. Sucrose-containing virus zones were diluted 1:1 with buffer or 
distilled water before centrifuging at 25 000 rpm for 3 h to concentrate the virus. 

Every 100 g of leaf material was homogenized together with 200 ml (for N. cleve- 
Iandii) or 300 ml (for N. sarniensis) of buffer, 25 ml diethyl ether and 25 ml carbon te- 
trachloride. After centrifuging at low speed to the supernatant (A) PEG was added to 
make a 5 70 solution (w/v). The solution was stirred for about 1 h and then centrifuged 
at 10000 rpm during 15 rain. Sedimented material was resuspended in about 175 ml 
of buffer, stirred during 1 h, and then cemrifuged at low speed. The supernatant (B) 
was centrifuged at high speed and the sedimented virus resuspended in buffer, stirred 
overnight and centrifuged at low speed. The supernatant thus obtained (C) was sub- 
jected to sucrose-gradient centrifuging once (N. sarniensis) or (with reconcentration 
in between) twice (N. clevelandii). Final virus-containing zones (D) were ultracentri- 
fuged and sediments resuspended to give about 1.5 ml per 100 g of starting leaf mate- 
rial. Mixed with an equal volume of glycerol the preparations were stored at about 
-20 ~ C. 

Serology. Rabbits were injected with purified preparations of the viruses ofN. sarnien- 
sis and N. manselli. One ml was given intravenously in one or two portions (three 
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days' interval). A second ml was emulsified with an equal volume of Freund's incom- 
plete adjuvant and given intramuscularly two weeks later. After another fortnight 
bleeding was started and antisera were collected for storage a t -  20 ~ until use. 

The micro-precipitin test under paraffin oil was applied and, as an extra test for 
reactions with normal plant antigens, the Ouchterlony double-diffusion test. Ir D. H. 
M. van Slogteren, Laboratory of Flowerbulb Research at Lisse, kindly provided the 
antiserum to Cymbidium mosaic virus (CyMV), Dr R. Koenig, Abteilung fiJr pflanz- 
liche Virusforschung der BBA at Brunswick, Germany, to narcissus mosaic virus 
(NaMV), papaya mosaic virus (PaMV), cactus virus X (CVX), and clover yellow 
mosaic virus (C1YMV). Antisera to potato virus X (PVX), potato aucuba mosaic 
virus (PAMV) and white clover mosaic virus (WCMV) were from the author's collec- 
tion. 

To prevent reactions with normal plant antigens some of the antisera were absorbed 
with concentrated sap preparations from virus-free seedlings of N. bowdenii. The 
CyMV used as antigen in the serological tests was from Lycaste orchids. Dr R. Koenig 
supplied Brunt's isolate of NaMV. 

To test serological relationships generally purified preparations were used, dilutions 
of which were made with tris-citric acid buffer at pH 9. Antisera were diluted with 
saline. As healthy controls concentrated preparations of virus-free N. clevelandii and 
N. bowdenii were used. 

To test individual Nerine plants, clarified extracts were used. Sap was prepared with 
a power-driven crusher. Four drops of crude sap were collected in a small centrifuge 
tube containing 0.2 ml of a 1 ~ solution of Na2SO3 in distilled water. The tubes were 
then centrifuged for 5-10 rain at 6000 rpm and the supernatants used for serological 
testing. For these tests antisera were dialysed against tris-citric acid buffer at pH 8 
containing 0.05 ~ NaN3 and diluted with the salne buffer. 

Electron microscopy. Clarified extracts of Nerine prepared according to A (see virus 
purification), and to the method used for serological testing of individual plants of 
Nerine, were examined with a Philips EM300 after negative staining with 2 ~ phos- 
photungstic acid in distilled water adjusted with KOHtopH 6.5. OfG. globosa, C. 
amaranticoIor, C. quinoa, and N. clevelandii also chop preparations were investigated. 
Chop preparations with TMV were photographed alternately with preparations con- 
taining the Nerine viruses. Particles were measured in photographic negatives using a 
low-power binocular microscope with objective lens • 1 and a micrometer eyepiece 
• 12.5. The ranges taken for particle length determination were restricted by micro- 
meter classes in which no or only a very few particles were found. 

To calculate particle lengths, for every series of photographs the average length ex- 
pressed in micrometers was calculated and compared with the average length of TMV 
particles measured from photographs taken immediately before and after and also in 
between a series of photographs of a Nerine specimen. The average length of TMV 
was assumed to be 300 nm. 

Experiments and results 

Transmission experiments. Of N. sarniensis seven (partially) purified preparations 
were tested on G. globosa, C. amaranticolor, C. quinoa, and N. clevelandii. No symp- 
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toms were induced. Incidentally only in extracts of C. qu&oa some PVX-type virus 
particles were observed. With one exception, however, from these plants no virus 
could be further transmitted. Only once in extracts of C. quinoa inoculated with sap 
of C. quinoa a few virus particles were detected. Virus particles were also observed in 
preparations of two out of ten seedlings of N. bowdenii inoculated with a partially 
purified preparation. In all cases abundant virus particles were present in the inocu- 
lure. 

Of N. manselli two partially purified preparations at pH 9 and one at pH 7 were 
tested for infectivity. G. globosa, C. amaranticolor and C. quinoa showed local lesions 
ten-twelve days after inoculation. Symptoms on N. clevelandii were not clear. G. glo- 
bosa and N. clevelandii became systemically infected by the virus. In these plants 
numerous virus particles were detected. 

Using crude preparations of Nerine no virus could be transmitted. 

Serology. The results of the serological experiments performed to identify the two 
Nerine viruses are summarized in Table 1. They suggest the viruses ofN. sarniensis and 
N. manselli to be distantly related. The virus of N. sarniensis also reacts with the anti- 
serum to C1YMV. A close relationship exists between the virus of N. manselli and 
NaMV. The latter two viruses are distantly related to PVX. 

With homologous antisera the two Nerine viruses could be detected in clarified ex- 
tracts of leaves as well as of flowers of their respective Nerine hosts. 

Electron microscopy. Results of particle measurements are given in Table 2. Between 
the ten samples of N. sarniensis average particle lengths varied from 530-554 nm and 
between the seven samples containing the virus of N. manselli from 539-578 nm. 
Taking the 817 particles of N. sarn iensis together their average length is about 541 nm 
and of the 870 particles of the virus of N. manselli about 554 nm. Incidentally in ex- 
tracts of N. sarniensis, and more frequently in those of N. manselli, some longer par- 
ticles were also found, indicating a mixture of viruses to be present in these plants. 
Fig. 1 represents an electron micrograph of a clarified extract ofN. sarniensis. 

Discussion 

Average particle lengths varied much among the different samples. Causes of this may 
have been the use of TMV as an external standard, rather than using it as an internal 
standard as recommended by Bos (1975). Moreover not all samples were prepared in 
the same manner and for the virus ofN.  manselli different hosts were used. As a con- 
sequence not too much value can be attached to the difference between the average 
lengths calculated for the two viruses, although a rather large number of particles was 
measured. Of all samples, however, the average length was within the limits of the 
potexvirus group (Harrison et al., 1971). 

Based on host plant reactions and on serological experiments the virus ofN. sarnien- 
sis differs from other well-known potexviruses. According to its particle length and 
to its distant serological relationship to C1YMV, however, it can be assumed to be- 
long to this group. The lack of a suitable propagation host as well as of a suitable test 
plant greatly hampers the determination of other properties. 

Unfortunately the symptoms caused by this virus are not yet known, partly because 
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Fig. l. Electron micrograph of a clarified extract of N. sarniensis. Bar represents 500 nm. 

Fig. 1. Elektronenmicroseopische opnarne van een geklaard sappreparaat van N. sarniensis. De ver- 
grotingsstreep geeft 500 nm weer. 

of the fact that more viruses were present in the plants investigated. Therefore, ana- 
logous to PVX and CVX, this hitherto undescribed virus is named Nerine virus X 
(NVX). 

The results of the serological experiments prove that the virus of N. manselli is 
closely related to NaMV. This is further supported by test plant reactions observed 
and the average particle length (554 nm) as compared with the literature on NaMV 
(Brunt, 1966; Mowat, 1971; Koenig et al., 1973). Therefore, the virus of N. manselli 

will be considered a strain of NaMV. 
Trials to transmit the NaMV of N. manselli to narcissus have noli yet been made. 

According to Brunt (1966) it may take 17 months before NaMV can be detected in 
mechanically inoculated narcissus seedlings. In experiments to transmit NaMV as 
well as N V X  to N. bawdenii so far only NVX could be detected in two out of ten in- 
oculated seedlings, 4 months after inoculation. 

According to host plant reactions and serological properties, NVX and NaMV are 
different viruses. The results of the serological tests (Table 1) suggest a very distant 
relationship. As in the electron microscope sometimes particles longer than NVX or 
NaMV have been observed in preparations of N. sarniensis and N. rnanselli, it is not 
excluded that contamination with another common virus might be responsible for 
this so-called relationship. 
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Samenvatting 

Twee virussen uit de aardappelvirus-X-groep in Nerine 

De teelt van Nerine als snijbloem maakt in Nederland snel opgang. Dit bolgewas 
vertoont dikwijls symptomen, die aan virusbesmetting doen denken. In twee soorten, 
Nerine sarniensis en Nerine manselli, werden met behulp van de elektronenmicroscoop 
virusachtige deeltjes aangetroffen, die war hun lengte betreft overeenkornen met die 
van virussen behorend tot de aardappelvirus-X-groep. 

Her virus van N. sarniensis kon niet mechanisch worden overgebracht naar 
Gomphrena globosa, Chenopodium amaranticolor en Nicotiana clevelandii en slechts 
met moeite naar C. quinoa, waarin het zich echter slecht vermeerderde. Ook kon het 
worden aangetoond in enkele zaailingen van Nerine bowdenii, die vier maanden te- 
voren met een gezuiverd preparaat van het virus waren geinoculeerd. Serologisch 
verschilde dit virus duidelijk van het aardappelvirus X (PVX), het aardappelaucuba- 
moza~ekvirus, bet witte-klavermoza'iekvirus, het papajamozaiekvirus, het cactus- 
virus X, het Cymbidium-mozaiekvirus en het narcissemozaiekvirus (NaMV), terwijl 
het slechts een geringe verwantschap vertoont met bet klaverscherpmozaiekvirus 
(Tabel 1). Voor het virus werd een gemiddelde deeltjeslengte van 541 nm gemeten 
(Tabel 2; Fig. 1.) Waarschijnlijk is het een nieuw virus, behorend tot de aardappel- 
virus-X-groep. Het wordt nu Nerine-virus X genoemd, 

Het virus uit N: manselli bleek vrij gemakkelijk (met behulp van gezuiverde pre- 
paraten) over te brengen naar G. globosa, C. amaranticolor, C. quinoa en N. cleve- 
landii. 

Serologisch bleek dit virus nauw verwant aan bet NaMV, terwijl ook een geringe 
verwantschap met bet PVX werd gevonden (Tabel 1). De gemiddelde deeltjeslengte 
was 554 nm (Tabel 2). Dit virus wordt beschouwd als een stare van bet NaMV. 

Beide virussen konden met hun eigen antisera worden aangetoond in geklaarde 
blad- en bloemextracten van Nerine met behulp van de micro-precipitatietoets. 
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