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Construction of infectious clones and demonstration of pathogenicity of
citrus viroids
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Abstract

Viroids are pathogenic RNAs in plants without protein encoding capacity. Seven viroids belonging to four
genera in the Pospiviroidae family have been reported from citrus species. By constructing the infectious
clones of citrus viroids, it was possible to carried out their pathogenicity test. Full-length genome of CEVd,
HSVd, CBCVd, CDVd, CVdV and CBLVd was separately amplified in RT-PCR using total RNA extracted
from a Moro blood orange plant and resulting PCR products were sequenced. The full-length genome of
each viroid was inserted under the control of cauliflower mosaic virus 35S promoter in a pBin62SK binary
vector. Pathogenicity of viroids was tested by agroinoculation of their infectious clones to cucumber
(Cucumis sativus), tomato (Solanum lycopersicum) and trifoliate orange (Poncirus trifoliata). Three weeks
after inoculation, viroids were detected in newly grown leaves of inoculated plants by RT-PCR using
specific primers and by dot blot hybridization using viroid specific probes. Five weeks after inoculation,
symptoms including little leaf, mottling and epinasty by CVdV and CBCVd, mottling by CDVd, and
epinasty and leaf deformation by CEVd, HSVd and CBLVd in tomato leaves were observed. Mechanical
inoculation of infected sap of infected tomato plants induced similar symptoms in healthy tomato plants.
Identification of the viroids in newly grown leaves of inoculated plants indicated the infectiousness of the
generated constructs. Infectious clones of CEVd, HSVd and CBCVd were previously made, but it is the first
report of the construction of the infectious clone for CDVd, CBLVd and CVdV.
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Table 1. Characteristics and sequences of the primers used in amplification of the citrus viroids genomes.

Viroid Primer Sequence (5°-3")

Annealing Positionin  Reference

Temp. (°C) genome (nt)

CEVd CEV-RCEV-F CCGGGGATCCCTGAAGGACTTGGAA 60 78-99 Ito et al., 2002
ACCTGGAGGAAGTCGAG 99-119

HSvVd HSV-R CCGGGGCTCCTTTCTCAGGTAAGT 60 59-82 Ito et al., 2002
HSV-F GGCAACTCTTCTCAGAATCCAGC 82-102

CBCVd CBCV-R GGATCCCTCTTCAGGTATGT 57 48-67 Design in this study
CBCV-F CCGGGGAAATCTCTTCAGACTC 68-89

CBLVd CBLV-R ACGACCAGTCAGCTCCTCTG 60 75-94 Design in this study
CBLV-F CGTCGACGAAGGCTCGTCAGCT 95-116

CDVd CDV-R CTCTGCGTTTTATTTTCGGCA 57 72-91 Design in this study
CDV-F AGGGAAAAGGGAACTTACCTGTC 92-112

Cvdv CVdV-R TCGACGAAGGCCGGTGAGCA 60 64-87 Serra et al., 2008
CVdV-F CGACGACAGGTGAGTACTCTCTAC 88-107

T-DNA T-DNAF GGGAGATCTTGGCAGGATATATTGT 57 - Design in this study
T-DNAR GGGAGATCTCAAACAAACACATAC
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Fig 1. Left panel: amplification of full length genome of the viroids from the Moro blood orange. Lanes 1-
5 represent HSVd, CBLVd, CBCVd, CDVd, CEVd, respectively. M: 50bp DNA ladder (Denazist, Iran).
Right panel: Symptoms of sever epinasty and leaf curl in the infected Moro blood orange.
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differences in sequence as compared with the corresponding reference genome of each virioid have been shown.
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pathogenicity domain; C, central domain; V, variable domain.

GYWTTIWANA clacamise 53 V amb 3 5 TYVC
Parb 5 0 gl 5o L5 255 AVAYT 5 AVAST (TVVAC
L Lo ADA ol o 53 CDVA w56 sl s
)58
ol S CBLVA Wiy 0855 50 Sl et
~Cbpe 53 P sl s (NCOOI65T e ) r o
,3CCR b s 5 GYSFA TYS+A AST L
i oalis TYOAC 5 TYYAC €YY+ 4+ TaY+ Coun 5o
3 CFe ¥t s TR ol 3 VST ol ad sl o
bkl Ll s ol i 5 TL et

L$.>‘5,:_~~'L3‘5,‘:CBC\/d ..L;‘)ﬁj)b (Y Jg.i)v\ibﬁv\.;jﬁj

slacaas oo ;3 CCR 4L 55 (NCO01351 [lei )
GY\YA CY'G AAPA CAOA  GAYA  GAYA
TINWYC slac =340 5V a_>U ;5 5 AYIYG
b, ;3 TR =L ;5 AVYIG 3 GVIAA THY\FA
Oselse g s TP+ 3 TYOAG slacabge 53 YL
sdalie AYVYG Camd go 5o ool andy 3 P gaxl s
W
gl 4 Cod CDVA Wi 5 055 Sl pens 0 2l
V 5 CCR «—_>L ,5 (NC003264 L2 ,v)) e
45 CCR >l ,5CDVd =5 03 Sl peas S sdalin
CYIOA GYV o+ TY4G AVAVC L2 2340

407



LE T-DMNA repeat
CaMy 355 promoter

{esog) Sacl
(6506) Eco53kT °
(6480) Xbal
(6474) Spel -
(5458) BamHI
(6464) Smal

(6462) TSpMI - Xmal

(6450) EcORI

(6438) HindIIl—

(6433) BspDI - Clal —

(8423) Sall

(6417) AbsI - PaeR7I - PspXI - ¥hol
(£412) Apal

(s408) PspOMI
(6406) KpnI

(8402) Accb5l
REB T-DMNA repeat

B
e

oriT

. Orrv

7N

pBin 62- SK 1

9418 bp

@nR

i

\

v

ONT ¢ s LUK 4 cwlia 35 KANR ey (550w dSlea gars 4> :oriV pBin62-SK U, JBU Ssles jlsle ¥ SS

Jas t}}& 4>t
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