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Cherry leaf roll virus (CLRV)

Taxonomy:    Family Comoviridae, 
     Genus Nepovirus, Subgroup C 

Morphology:  icosahedral virions, 28 nm in   
     diameter

Genome:    bipartite genome organisation of  
     linear positive-sense ssRNA

Hosts:    woody plants  like 
     cherry  (Prunus avium), 
     walnut (Juglans regia),      
     elderberry (Sambucus spec.) and  
     some herbaceous plants like    
     rhubarb (Rheum rhabarbarum) 
natural
Transmission:  mainly through pollen and seeds

Introduction

CLRV strains from different woody 
host species vary in RNA sequences 
and serological characteristics. 
(JONES, 1985; GIERSIEPEN, 1993)
By the analysis of a 280 bp long 
sequence of the 3'-non-coding 
region (3' NCR), CLRV isolates from 
17 host species could be divided 
into six groups.
From these groups, ten isolates 
were selected and studied regarding 
their biological, serological and 
molecular characteristics. (Fig. 2)

Morphological analysis

Test plants (Chenopodium quinoa) were mechanically inoculated with ten selected CLRV isolates 
(Fig. 2) to compare symptom exhibition and development. 
Furthermore virus particles were purified from infected plants and examined by transmission 
electron microscopy (TEM).

Nine of ten virus isolates caused a systemic infection. Typical symptoms such as chlorotic and 
necrotic local lesions (Fig. 4 and 5) appeared 3-5 days after inoculation. In younger leaves chlorosis 
started at the leaf stalk and spread across the lamina (Fig. 3). In contrast isolate E156 from walnut 
induced only local lesions on inoculated leaves without systemical spread.
All purified isolates showed virus particles of typical morphology in TEM (Fig. 1).
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Serological analysis

A polyclonal antiserum (pAb E603) against purified CLRV particles of isolate E603 from black 
elderberry (group E, Fig. 2) was raised in rabbit. The ten selected virus isolates were tested in DAS-
ELISA and IC-RT-PCR using this polyclonal antiserum. 
Additionally viral structural proteins were analysed by applying purified virus particles to SDS-PAGE.

Not all CLRV isolates were detectable in DAS-ELISA. Only members belonging to group C, D1 and 
E (e.g. E326, E603, E693 and E802) produced a specific reaction with pAb E603 (Fig. 6), 
confirming the serological divergence of CLRV strains from different woody hosts. 
Differences in the detection of the tested isolates could also be observed in IC-RT-PCR (Fig. 7), but 
they differed slightly from results obtained in DAS-ELISA.
In SDS-PAGE eight CLRV isolates showed a consistent coat protein size of approximately 53 kDa. 
Two isolates differed from that: E156 has a calculated coat protein size of 31,5 kDa and E325 
exhibited protein bands with a molecular weight of 43 kDa and 20 kDa respectively (Fig. 8). 

Analysis of genomic RNA

In order to compare genomes of purified virus particles, viral nucleic acids were subjected to agarose gel electrophoresis. To 
determine the size of RNA1 and RNA2 of purified CLRV strains, RNA preparations were separated under denaturing conditions 
by glyoxal gel electrophoresis and compared with an RNA standard marker.

In native RNA gels (Fig. 9) six virus isolates revealed consistent RNA1 and RNA2 bands whereas the RNAs of isolate E395 
migrated slightly faster in agarose gels. RNA bands of isolates E156 and E325 varied noticeably from typical CLRV patterns, 
indicating considerable smaller size of genomic RNAs.
The sizes of typical CLRV RNA1 and RNA2 under denaturing conditions (Fig. 10) could be calculated for isolate E693 to be 8,3 
kb (RNA1) and 6,9 kb (RNA2).  

The purified particles of isolates E156 and E325 
are not CLRV, because of atypical patterns of
viral coat proteins and genomic nucleic acids.

Results point out that seven of the
ten isolates  under investigation are 
typical CLRV isolates. 

Isolate E395 shows atypical RNA bands, but it 
has a CLRV typical coat potein size and CLRV
specific sequences could be amplified in RT-PCR.

A  – 

B ir ch ,

C he r r y

E – 

Elde r be r r y

C

R as pbe r r y,

S o r r e l

69

62

84

83

golden elderberry-E 804-US A

black elderberry-E 950-Aschers leben-2003-German

B –

R hubar b,

A s h

Gr o und Elde r

black elderberry-E 576-F ellinghausen-Germany

horn beam-E 141-Niedereimer-G ermany

black elderberry-E 119-B erlin-G ermany

black elderberry-E 443-D-B erlin-G ermany

black elderberry-E 622-D-B erlin-G ermany

black elderberry-E 541-B erlin-G ermany

black elderberry-E 583-Neuruppin-Germany

black elderberry-E 485-F ischland-Germany

l r 2 -H n

 erry- a v e ermany

E nglish walnut-L udmilla-S lov akia

E nglish walnut-E 800-U K

E nglish walnut-C L 24694-R NA-2-US A

E nglish walnut-Z344265-R NA-1-U S A

- - -

ground elder-E 575-F ellinghaus en-Germany

black elderberry-E 676-Helgoland-G ermany

mountain ash-E 695-P inneberg-Germany

mounta n -E s orner B orn-G ermany

common birch-S 84125-R NA-2-I2-U K

common birch-S 84124-R NA-1-I2-U K

sweet -E - K

blackberry-E 805-U K

 - y

E uropean beech-E 113-S iebengebirge-Germany

E nglish walnut-4W J UG -U K

common birch-E 696-K löv ensteen 1995-G ermany

common birch-E 111-K löv ensteen 1996-G ermany

common birch-E 806-U K

common - er n- ermany

flowering dogwood-E 797-U S A

American elm-E 801-US A

86

70

100

98

90

97

98

90

95

77

52

100

97

98

68

98

91

94

51

62

50

97

64

E nglish walnut-C T IF L -F rance

gray rc - , 

sheep’s  sorrel-AB 168100-J apan

sheep’s  sorrel-AB 168099-J apan

sweet cherry-E 1472-C H 125-UK

common birch-E 1469-I2-UK

black elderberry-PV-0276-S iebengebirge-G ermany

black elderberry-E 839-B erlin-G ermany

D –

Walnut

grapev ine-E 1636-G ermany

E nglish walnut-E 648-F rance

98

D1

D2

A 1

A 2

A 3

E uropean ash-E 325-S chwäww bische Alb-G ermany

sweww et cherry-yy E 327-B onn-Germany

common birch-E 120-B erlin-G ermany

black elderberry-yy E 441-Aschers leben-2002-Germany

rhubarb-E 395-B ornheim-G ermany

red raspberry-yy E 802-New Zealand

E nglish waww lnut-E 326-B onn-G ermany

E nglish waww lnut-E 156-T rans-Danubia-3-H ungary

mountain ash-E 693-T itis ee-Neustadt-Germany

black elderberry-yy E 603-W erder-Germany

C –

Fig. 3 Chenopodium quinoa with an extensive 
chlorosis beginning at the leaf stalk , CLRV isolate 
E802

Fig. 1 Purified CLRV particles of isolate E395 
TEM picture taken at 80000x magnification 

Fig. 2 CLRV phylogenetic tree (based on differences in the sequence of the 3' NCR) 
and ten selected isolates 

Fig. 4 C. quinoa: chlorotic and necrotic local 
lesions induced by CLRV isolate E693

Fig. 5 Detail of a chlorotic local lesion with 
incipient necrotic ring; 
CLRV isolate E693 on C. quinoa

E327  Prunus avium  A1

E441  Sambucus nigra  A1

E120  Betula pendula  A1

E325  Fraxinus excelsior A1

E395  Rheum rhabarbarum B

E802  Rubus idaeus  C

E326  Juglans regia  D1

E156  Juglans regia   D2

E693  Sorbus aucuparia  E

E603  Sambucus nigra  E
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Fig. 6 DAS-ELISA; 22 CLRV isolates were tested
a: CLRV-infected material (groups A-E)
b: 1h after addition of substrate

Fig. 7 IC-RT-PCR with purified virus particles
a: immunocapture with CLRV-antiserum
b: RT-PCR without immunocapture

Fig. 8  Coomassie stained SDS-polyacrylamidgel
a: seven typical CLRV coat protein bands
b: comparison of typical (left) and atypical (right)  
virus isolates
Marker: Protein Molecular Weight Marker (Fermentas)

Fig. 9: RNA gelelectrophoresis of purified virus isolates under native conditions
GeneRulerTM DNA-Marker (Fermentas)

Fig. 10 RNA gel with 
selected isolates under 
denaturating conditions 
RNA-Marker (InvitrogenTM)
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