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I n t r o d u c t i o n

The earliest lite ra tu re  on the symptoms on Laburnum  species believ­
ed to be of viral origin, is about hundred years old and is cited by 
S c h m e l z e r  (1962). Somewhat la ter B a u r (1906, 1907) dem onstrated 
that the yellowing symptoms on Laburnum anagyroides Medic, were 
associated w ith an infectious disease. From L. alpinurn w ith yellows 
symptoms S c h m e l z e r  (1962) isolated arabis mosaic virus.

Another type of virus symptoms named mosaic was described on 
several Laburnum  species (van K a t  w i j k 1952, H o l l i n g s  1959, 
S c h m e l z e r  1962). The symptoms consisted of mosaic m ottling and 
spotting on the leaves and w ere often associated w ith vein yellowing; 
the yello\v colour extended along the m ajor veins. Laburnum  mosaic 
was transm issible by grafting bu t not by sap inoculation.

A nother type of virus symptoms named mosaic was described on 
several Laburnum  species (van K a t w i j k  1953, H o l l i n g s  1959, 
trees showing both mosaic and vein yellowing symptoms. The presence 
of the bacilliform particles vTas correlated only w ith the leaf areas sho-w- 
ing vein yellowing symptoms bu t not w ith the mosaic ones. Therefore, 
in the authors’ opinion the rhabdovirus is a causal agent of vein yellow­
ing and the name laburnum  yellow vein virus was proposed.

This report supports the finding of the above mentioned authors, 
namely th a t the appearance of bacilliform virions is associated w ith 
vein yellowing of L. anagyroides. This paper describes the morphology 
and distribution of rhabdovirus-like particles in the leaf cells of L. ana­
gyroides w ith symptoms of vein yellowing.
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M a t e r i a l  a n d  M e t h o d

In one locality in Zagreb specimens of L. anagyroides w ith symp­
toms of vein yellowing were noticed. The leaflets along the m id-rib and 
lateral veins were chlorotic or coloured yellow (Fig. 1. A, B). Very fre­
quently the symptoms appeared as yellow lines which made an oak-leaf 
pattern  spreading along the main veins (Fig. 1. B). Sometimes these 
changes extended in small patches between the lateral veins. The symp­
toms described appear to be very sim ilar or identical to some of those 
illustrated by van K a t w i j k  (1953, Fig. 1. left) and S c h m e l z e r  
(1962, Fig. 7. B) and to those described by S c h u l t z  and H a r r a p  
(1975). However, the mosaic symptoms noticed by the cited authors 
were not visible on the m aterial from Zagreb.

For electron microscopy small leaf pieces were fixed in 1% glutar- 
aldehyde buffered with 0.1 M sodium cacodylate pH 7.2 and after w ash­
ing in buffer were postfixed in l°/o buffered O s04. Fixed samples were 
dehydrated in a graded ethanol series and embeded in Araldite resin. 
The u ltra th in  sections were stained with uranyl acetate and lead cit­
rate. Stained sections were examined in a Siemens Elmiskop I elec­
tron microscope.

R e s u l t s  a n d  D i s c u s s i o n

L. anagyroides from Zagreb bearing vein yellowing symptoms was 
subjected to electron microscope studies. The sections of infected leaves 
from the regions of yellow veins showed the presence of bacilliform 
virus particles in the parenchym a cells (Fig. 2., 3.), which corresponds 
to the finding of S c h u l t z  and H a r r a p  (1975).

The virus particles w ere mostly situated in the perinuclear spaces 
which, because of the presence of virions, evaginated tow ard the cyto­
plasm in the form of larger or sm aller pockets (Fig. 2.). I t was found that 
the virus partices were also amassed in the inside of the nucleus (Fig. 3. 
A). In this case they represent intranuclear virus enclaves which appar­
ently originate from invaginated perinuclear pockets ( P l a v s i c  et 
al. 1978). Thus, the virus enclaves are surrounded with the inner nu­
clear membrane. V e l a  and R u b i o - H u e r t o s  (1974) also found 
virus partices w ithin the nuclei, bu t their particles were im m ature 
(nucleocapsids) and lay free in the nucleoplasm. Single virus particles 
were also seen in the cytoplasm surrounded by a mem brane (Fig. 3. B, 
C). In general, the particles have usually an irregular arrangem ent, but 
some of them  make small aggregates w ith a regular hexagonal packing 
visible in cross section (Fig. 2. A).

The structure of bacilliform particles also corresponds to th a t of 
laburnum  yellow vein virus described by S c h u l t z  and H a r r a p  
(1975). The particles consist of an electron dense core w ith a ra ther 
wide axial channel and an envelope on their surface. An osmiophilic 
ring visible in transversal section of particles corresponds in diam eter 
to the core.

The diam eter of complete particles is about 90 nm. Measurable virus 
particles are very long, i. e. about 500 nm. A clear transversal gap in 
the middle of the core, separating a long particle in two parts, is clearly 
visible (Fig. 2. A). Such long particles some of which have a gap, can 
also be seen in Laburnum  infected with yellow vein virus of S c h u l t z
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Fig. 1. The leaves of Laburnum  anagyroides w ith  vein yellowing symptoms: 
A, B — yellowing along the m ain veins of the leaflets; B righ t — 
yellow oak-leaf p a tte rn  along the m id-rib  of m iddle leaflet.

SI. 1. Listovi vrste  Laburnum  anagyroides sa sim ptom im a žućenja nerava: 
A, B — žućenje duž većih nerava liski; B, desno — žute lin ijske šare u 
obliku h rastova lista duž glavnog nerva srednje liske.

Fig. 2. U ltra th in  sections of infected leaf parenchym a cells of Laburnum  
anagyroides: A, B — bacilliform  v irus particles, some of w hich sec­
tioned transversally , in  the perinuclear space; a t the top of figure A 
one particle in the cytoplasm ; a transversal gap in the m iddle of a 
long v irus particles is m arked w ith  arrow ; n nucleus, om outer nuclear 
m em brane, im inner nuclear m em brane, c cytoplasm, v vacuole, pi 
plastid, m  m itochondrion, vs vesicles, pg plastoglobules. B ar rep re­
sents 150 nm.

SI. 2. U ltra tank i presjeci kroz zaražene parenhim ske stanice lis ta v rste  
L aburnum  anagyroides: A, B — baciliform ne virusne čestice, od kojih  
su neke poprečno presječene, u  perinuklearnom  prostoru; gore na 
slici A jedna čestica u  citoplazmi; poprečna pukotina u sredini dugih 
v irusn ih  čestica označena je  strijelicom ; n  jezgra, om vanjska m em bra­
na jezgre, im u n u ta rn ja  m em brana jezgre, c citoplazma, v vakuola, 
pl plastid, m  m itohondrij, vs vezikuli, pg plastoglobuli. Skala iznosi 
150 nm.

Fig. 3. U ltra th in  sections of infected leaf parenchym a cells of Laburnum  
anagyroides: A — tw o virus enclaves invaginated into the nucleus; 
bacilliform  virus particles sectioned m ostly transversally ; betw een 
v irus particles m any em pty vesicles of various size are p resen t; B, C 
— single v irus particles in  the cytoplasm  surrounded by  un it m em ­
brane; n nucleus, om outer nuclear m em brane, im  inner nuclear m em ­
brane, c cytoplasm, v vacuole, w  cell wall, vs vesicle. B ar represents 
150 nm.

SI. 3. U ltra tank i presjeci kroz zaražene parenhim ske stanice lista vrste 
Laburnum  anagyroides: A — dvije nakupine v irusn ih  čestica ok ru ­
žene u n u ta rn jem  jezgrinom  m em branom ; baciliform ne v irusne čestice 
presječene uglavnom  poprečno; između v irusnih  čestica nalaze se 
vezikuli različite veličine; B, C — pojedinačne v irusne čestice un u ta r 
elem entarne m em brane u citoplazmi; n jezgra, om van jska m em brana 
jezgre, im  u n u ta rn ja  m em brana jezgre, c citoplazma, v vakuola, w 
stanična stijenka, vs vezikul. Skala iznosi 150 nm.
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Fig. 1. — SI. 1.
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Fig. 2. — SI. 2.
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Fig. 3. — SI 3.
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and H a r r a p  (1975), and w ere noticed in other plant rhabdoviruses as 
well ( V e l a  and R u b i o - H u e r t o s  1974, R u b i o - H u e r t o s  
1978, etc.). The length of our m easurable particles was twice of that 
quoted by S c h u l t z  and H a r r a p  (1975). We think tha t our particles 
are also about 250 nm long, bu t the measurable particles were very 
long because two nucleocapsids were incorporated into one envelope 
( F r a n c  k i  1973).

Between virus particles in the perinuclear spaces and in the virus 
enclaves inside the nucleus a num ber of empty vesicles of various size 
was observed (Fig. 2. A, 3. A). They w ere also recorded by S c h u l t z  
and H a r r a p  (1975). One should not exclude the possibility that such 
vesicles derive from the electron transparen t ends of virus particles 
which are seen in some p lant rhabdoviruses ( K n u d  s o n  1973, V e l a  
and R u b i o - H u e r t o s  1974, P l a v s i c  et al. 1976).

The results of our investigation are in agreem ent with those of 
S c h u l t z  and H a r r a p  (1975) and they contribute to the statem ent 
of the authors quoted that their rhabdovirus, i. e. laburnum  yellow 
vein virus, provokes vein yellowing symptoms on L. anagyroides. More­
over, the specimens of our L. anagyroides in which a bacilliform virus 
is present, expressed only vein yellowing and no mosaic symptoms. It 
seems, tha t rhabdoviruses of woody plants are often associated w ith vein 
yellowing or vein clearing symptoms on the leaves ( S t a c e - S m i t h  
and L o  1973, J o n e s  et. al. 1974, P l a v s i c  et al. 1976, P l a v s i c -  
- B a n j a c et al. 1976).

S u m m a r y

Bacilliform particles characteristic of p lan t rhaboviruses w ere found 
in u ltrath in  sections of Laburnum anagyroides growing in a park  in Zag­
reb (Yugoslavia). Specimens of Laburnum  in which bacilliform virions 
were present showed only yellowing along the main veins but not mo­
saic symptoms. Virus particles were found in yellow areas of the leaf­
lets and were situated in the nucleus as well as in the cytoplasm. Re­
sults of this investigation support the opinion of S c h u l t z  and H a r ­
r a p  (1975) tha t the vein yellowing symptoms on L. anagyroides are 
provoked by a rhabdovirus named by them  laburnum  yellow vein 
virus.

*

A c k n o w l e d g m e n t .  I am gratefu l to Dr. M. W r i s c h e r  (In­
stitu te  »Ruder Boskovic«, Zagreb) for electron microscope analysis.
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S A Ž E T A K

RABDOVIRUS U  VRSTI LABURNUM  ANA GYR OID ES  SA  SIMPTOMIMA 
ŽUĆENJA NERAVA

Nada Pleše
(Botanički zavod Prirodoalovno-m atem atičkog faku lteta  Sveučilišta  u Zagrebu)

U u ltratankim  presjecima kroz lisno tkivo grmova vrste Laburnum  
anagyroides Medic, (zanovijet) koji pokazuju simptome žućenja duž 
glavnih nerava utvrđena je  prisutnost baciliformnih čestica karakteris­
tičnih za biljne rabđoviruse. Cestice su nađene u parenhim skim  stani­
cama iz područja žutih prom jena uz nerve, a lokalizirane su i u peri- 
nuklearnom  prostoru i u citoplazmi. P risutne su k ratke i duge čestice. 
U srži dugih čestica zapažena je poprečna pukotina koja upozorava na 
mogućnost da je  u takvim  česticama uklopljen dvostruki genom. Rezul­
tati istraživanja izneseni u ovom radu podupiru nalaz i m išljenje 
S c h u l t z a  i H a r r a p a  (1975) da simptome žućenja nerava u vrste 
L. anagyroides uzrokuje jedan rabdovirus veličine 245 X 89 nm, za koji 
su predložili naziv virus žutih nerava zanovijeti (laburnum yellow vein 
virus).

Dr Nada Pleše  
B otaničk i zavod
Prirođoslovno-m atem atički faku ltet
M arulićev trg 20/11
YU-41000 Zagreb (Jugoslavija)

2 2 A C T A  B O T . C R O A T . V O L . 38, 1979.


