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ABSTRACT

Citrus is"one of the most important fruit crops in Sri Lanka. Yellowing of leaf 
vein and the downsized leaves in trees are the main problems associated with citrus 
cultivation in the country. These symptoms were suspected to be a result of zinc 
deficiency, lack of essential elements, infection with virus and viroid-like diseases or 
combination of above factors. This study was thus, conducted to investigate whether 
these symptoms^ are associated with virus and viroids by Reverse Transcription 
Polymerase Chain Reaction (RT-PCR). Downsized leaves with yellowing symptoms in 
leaf veins were randomly sampled from four citrus species namely, Citrus reticulata 
(Commercial Mandarin), C. reticulata (Heennaran), C. sinensis (Sweet orange) and C. 
grandis (Pumello), from the experimental fields of Fruit Crop Research and 
Development Centre, Horana, Sri Lanka. Samples were tested for the presence of Citrus 
exocortis viroid (CEVd), Citrus bent leaf viroid (CBLVd), Hop stunt viroid (HSVd), 
Citrus viroid III (CVd-III), Citrus viroid IV (CVd-IV), Citrus viroid OS (CVd-OS), a 
distinct variant of CBLVd (CVd-I-LSS) and Citrus tatter leaf virus (CTLV) using 
specific primers, which have been designed for each viroid. The amplified products of 
HSVd, CBLVd and CVd-I-LSS were obtained with RT-PCR at optimized annealing 
temperature of 55°C, using specific primers. According to the results, three viroids 
namely, HSVd, CBLVd and CVd-I-LSS were detected in more than 50°/o of the samples 
in all 4 species confirming their association with yellowing of leaf vein and downsized 
leaf symptoms.
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INTRODUCTION

Citrus (family: Rutaceae) is an evergreen tree grown w idely in the 
tropical and subtropical regions in the world. Being the first fruit crop in 
international trade in terms o f  value, the world citrus production has increased 
significantly due to its high consumer demand resulting from beneficial health 
and nutritive properties. M ost o f  the total citrus production is utilized for 
processing and fresh fruit consumption. In addition, essential o ils and citrus 
pulp are also recovered from the fruit.

In Sri Lanka, Monaragala, Rathnapura, Kandy, Nuwara Eliya and 
Bibile are the most desirable places to grow citrus. Although Sri Lanka is 
having its own citrus cultivation, 8,347 mt o f  orange and lemon were imported 
in 2007 (Anon, 2008), due to the low fruit production as a result o f  many 
reasons including the susceptibility to pest and diseases.
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Citrus canker disease (Broadbent e t al., 1992), greening disease o f  
citrus (Jagoueix e t al., 1995; Jagoueix e t al., 1994; G onzales, 1989), citrus 
tristeza  virus (Bar-Joseph e t al., 1979; P ow ell and P elosi, 1993), aphid and 
rust mite are the major econom ic pest and disease problem s associated in Sri 
Lanka and w orldw ide. In addition, yellow ing o f  lea f vein and dow nsized  
leaves in citrus trees are the recently reported main problem in citrus 
cultivation in the country. This condition is severe in Rahangala, Horana, 
Gannoruwa and B ib ile  research stations o f  the Department o f  Agriculture, Sri 
Lanka. In order to increase the productivity and yield o f  citrus, identification  
o f  causal organism and application o f  appropriate d isease managem ent 
programmes are essential.

Scientists suspect that the yellow ing o f  lea f vein  (N . Omori, Ehime 
Prefectural International Center, Japan) is caused due to zinc d eficien cy , lack 
o f  essential elem ents, infection o f  virus and viroid-like d isease, and/or 
com bination o f  these factors. A m ong them viruses and viroids d iseases are the 
m ost critical agents, w hich could be easily  transmitted causing unprecedented  
damage. There are no control measures available for virus and viroid diseases, 
other than eradication o f  the infected plants. Therefore, before the spread o f  
the above d iseases to other fields, it is imperative to identify whether 
yellow ing  o f  lea f  vein and dow nsized leaves in trees are associated with virus 
and viroid-like diseases.

Viroids are single stranded, non translated, circular R N A  m olecules  
and not encapsulated in a protein coat. Therefore, viroids cannot be detected  
by serological m ethods but can be identified and characterized by m ethods 
based on m olecular detection techniques such as nucleic acid hybridization, 
Polym erase Chain Reaction (PCR) and D N A  micro arrays. H ence, it was 
considered important to develop a detection system  for citrus viroid 
identification in Sri Lanka, by m odifying the already published D N A  
m ethodologies. The objectives o f  this study were to develop and optim ize the 
RT-PCR system  conditions for detection o f  citrus viruses and viroids and 
detection o f  citrus viroids and Citrus tatter lea f  virus (C TLV ) in sym ptom atic  
plants using sp ecific  primers.

M ATERIALS A N D  M ETHO DS

The study w as conducted at the Plant Virus Indexing Center (PVIC), 
Gabadawatta, H om agam a, from February to October 2009.

Optimization o f  reverse transcription polymerase chain reaction (RT- 
PCR) system conditions

The purified virus sam ples were obtained from Japan (The Ehime 
Prefectural International Center) and taken as positive controls for each test.
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Virus/viroid sample  No. 1 was taken as the negative control for viroid No. 2 
sample, and vice versa  (Table 1). The dilution used was 1:10 (positive control: 
sterilized distilled water; N. Omori,  Ehime prefectural International Center, 
Japan — personal communication).

T ab le  1. Purified  v ir a l /v ir o id  R N A  and tu b e  n u m b ers  im p o rted  from  J ap an

Tube V im s/viro id A m ount

N o. 1
C T L V , C E V d

C B L V d , C V d -I-L S S ,  H SV d,
60 |-i L

No. 2 C V d-III ,  C V d - lV ,  C V d -O S 60(.lL

R everse transcrip tion  and cD N A  synthesis

In each viroid and citrus tatter leaf  virus (CTLV),  the antisense primer 
(D 11, E 2, E-4, E 6, E 8, E 10, F 1 and D 9) was used for cD N A  synthesis 
from viral RN A  (Table 2). Reverse  transcription reaction mixture contained 
4pl  o f  5 x Reverse transcriptase buffer  (M-M uLV),  2 pi o f  dN T Ps  ( lOmM), 
Ip l  antisense primer, O.lpl o f  RNAsin  Ribonuclease  inhibitor (Promega),
0.25p! o f  M -M u L V  Reverse  Transcriptase  (Promega), 4.65 pi o f  deionized 
water and 8 pi o f  RNA template. In the thermocycler,  the first strand synthesis 
was done at 37°C for 45 min followed by inactivation at 95°C for 1 5 min.

C alculation o f  annealing tem perature

The annealing temperature for each primer was theoretically  calculated 
(http : / /www.sabina.anzlovar.com).

A m plification o f  cD N A  by polym erase chain reaction  (P C R )

Citrus viroids and CTLV  virus cD N A  were amplified using 8 primer 
pairs, which were specific for each viroid and CTLV, respectively (Ito et al., 
2002b) (Table 2). For each virus and viroid, 7 PCRs were carried out 
separately with different annealing temperatures,  starting from 52°C (N. 
Omori, Ehime prefectural International Center, Japan — personal 
communication),  53°C, 54°C, 55°C, 56°C, 57°C and 58°C (calculated value: 
http: //ww w.sab ina .anzIovar.com).

The PC R  mixture consisted o f  5 pi o f  5 x PC R buffer, 1.5 pi o f  MgCfi 
(25 mM), 1.0 pi o f  each dNTPs (10 mM), 1.0 pi o f  10 m M  sense primer (E 1, 
E 3, E 5, E 7, E 9, E 1 1, F 2 and D 10), l.Opl o f  10 mM antisense primer (D 
11, E 2, E 4, E 6, E 8, E 10, F 1 and D 9) (Table 2), 0.25 units o f  Taq 
polymerase (5u/pL) (Promega), 3 pi o f  cD N A  template  and deionized water  in 
a total volume o f  25 pi.
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The therm ocyc ler  condit ions were as follows; initial denaturat ion 94°C 
for 30 seconds, followed by 35 cycles, denaturation at 94°C for 10 seconds, 
annealing at T a°C (52°C, 53°C, 54°C, 55°C. 56°C, 57°C or 58°C) for 30 sec, 
extension 72°C for 1 min with final extension at 72°C for 10 min (N. Omori,  
Ehime prefectural  International Center , Japan -  personal communica t ion) .

T a b le  2. S p e c if ic  p r im ers  for  detection  o f  c itrus  v iro id s  and  C T L V ,  a n n e a lin g  
te m p e r a tu r e s  an d  th e  s ize o f  the am p lif ied  p ro d u c ts

V iroid/
Virus P rim er P rim er sequences (5 '-3 )

A n n ea lin g  
Tempercu ure 

°C

Product
size

C E V d D 1 1 
E i

C C G G G G A T C C C T G A A G G A C T T
G G A A A C C T G G A G G A A G T C G A G

5 8 .0 3 8
5 8 .0 9 0

371 bp

C B L Vd E 2 
E 3

T C G A C G A C G A C C A G T C A G C T
T C C C C T T C A C C C G A G C G C T G C

5 8 .0 8 0
5 8 .0 3 3

233 bp

C V d-I-
L S S

E 4 
E 5

A C G A C C G C T C A G T C T C C T C T
C T G T A A C C G G A C C G G T C T C C T T C

5 8 .0 8 0
5 8 .0 5 7

247 bp

H S  Vd E 6 
E 7

C C G G G G C T C C T T T C T C A G G T A A G T  
G G C A  A C T C T T C T C A G A  A T C C A G C

5 8 .0 0 0
5 8 .0 0 8

30 2  bp

CVd-
I I I

E 8 
E 9

T C A C C A A C T T A G C T G C C T T C G T C
C T C C G C T A G T C G G A A A G A C T C C G C

5 8 .0 0 8
58.041

27 1 bp

CVd-
I V

E 10 
E 1 1

T C T A T C T C A G G T C G C G A A G G A  A G  A A G C  
T C T G G G G A A T T T C T C T G C G G G A C C

58.01 1 
5 8 .0 0 0

20 9  bp

C Vd-
O S

F 1
F 2

G T C C G C T C G A C T A G C G G C A G A G A C C
C G T C G A C G A A G G C A T G T G A G C T T

5 8 .0 2 4
5 8 .0 5 2

1 66 bp

C T L V D 9 
D 10

T  A G A A A A A C C A C A C T  A A C C C G G A A A T G C  
C C T G A A T T G A A A A C C T T T G C T G C C A C T T

58 .043
.5 8 .0 4 4

4 5 6  bp

D etection  o f  P C R  products

T he  PC R  products  were analyzed on 1% agarose gel in T A B buffer 
(0.Q4M Tris acetate,  0.001 M EDTA; pH 8) and visualized by ethidium 
bromide  staining under  UV transil luminator  and photographed using a digital 
camera.

D etection  o f  citrus vtorids and C T L V  in sym p tom atic  p lants

Sam ples  were  collected from the experimental  blocks o f  a citrus Held 
at the Fruit Crops Research and Developm ent  Centre  (FC R D C ),  Kananwila, 
Sri Lanka. The  downsized  leaves with yellowing sym ptom s in lea f  vein 
(Figure 1) were  random ly  sampled from four different  citrus species namely, 
C itrus re ticu la ta  (Com mercia l  Mandarin),  C. sinensis  (Sweet  orange), C. 
re ticu la ta  (Heennelran) and C. g ra n d  is (Pumello). From each species, 
sampling was done  in 5 trees (Table 3), with two samples  per tree.
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A B C  D

F ig u re  1. S y m p to m s  o f  y e l lo w in g  o f  le a f  vein  an ti  d o w n s iz e d  leaves , c o m p a r e d  to hea lthv  
le a se s  ( b o t to m ) ;  A: Cirrus crem itifo lia  ( H e e n n a r a n ) ,  B: C itrus reticu lum  
( M a n d a r i n ) ,  C : C itrus s inensis  (S w ee t  o r a n g e ) ,  I): C itrus g ra n d  is (R u m e l lo j

RNA extraction

The 'Size fractionated silica extraction method* (Gunasinghe a  a!.. 
2009) was used to extract and purify the viral RNA for RT-PCR assays. A 
symptomatic  leaf lamina tissue o f  100 mg was crushed with I mi o f  lysis 
buffer (40 mM Tris-HCl pH 6.4. 17 mM EDTA. 4 VI guanidine thiocyanate. 
1% Triton X — 100 ml) using mortar and pestle. Then the lysate was 
transferred to an Eppendorf  tube and centrifuged at <S40g for 5 min. Alter 
centrifugation, the supernatant was saved and 10 pi o f  fractionated siiica was 
added. Then the mixture was vortexed thoroughly, kept for 5 min and vortexec 
again. The mixture was centrifuged at 840g for 1 min and the supernatant  was 
discarded. Then 1 ml o f  wash buffer (50% absolute ethanol 50 mi. 10 m \ l  
Tris-HCl pH 7.4. 1 mM EDTA. 50 mM NaCl) was added, the tube was 
vortexed. centrifuged at 840g for 1 min. and the supernatant  was discarded.
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T a b ic  3. S y m p to m s  o f  te s t  s a m p le s  co llec ted  f r o m  F C R D C  field

Species Sam ple P lant
No:

Yellowing  
o f  le a f  ve in

Yellow ing o f  
whole le a f

Do'wn sized  
leaves

Citrus reticulata C R -25 66 X y
(C om m ercial II O C R -2  9 58 X y y
A fandarin) H O C R -2  3 37 X y y

II O C R -2  2 26 y X y
H O C R -1 9 07 y X y

Citrus reticu la ta C C -08 03 V' X y
(H eennaran) CC-1 1 04 X y X

C C -06 01 ✓V X ✓
C C -04 03 X y y
C C -07 01 y X X

Citrus g ra n d  is C G -07 01 X y y
(Pumello) C G -06 02 X y X

C G -05 02 X X

C G -03 01 X y y
C G -02 01 X y y

Citrus sinensis V A -02 02 , / X y
(Sweet orange) VA-01 02 y X y

A R -0I 03 y X X

BI -01 01 y X y
BI -03 01 y X y

S  =  S y m p to m  presen t;  x = Sym ptom  absent

The wash buffer was added again to the tube, and was centrifuged at 
840g for 1 min. The supernatant  was discarded and 500 jul sterile distilled 
water was added, inverted several times and centrifuged at 840g for 1 min. 
The water  was removed and the tube was centrifuged at 840g for 1 min to 
remove any remaining water. Then 20 pL o f  sterile distilled water was added 
to the tube and incubated at 56°C for 8 min. Thereafter,  the tube was 
centrifuged at 840g for 3 min and 14 pL o f  RNA extract  was removed to a 
PCR tube.

R everse transcrip tion  and cD N A  synthesis

The cDNA synthesis from viral RNA was done as described previously 
in this paper.

A m plification  o f  cD N A  by PC R

Citrus viroids and CTLV cD N A  were amplified with 8 specific primer 
pairs as described previously in this paper. The PCR condit ions were - initial 
denaturation at 94°C for 30 sec, followed by 35 cycles, denaturat ion at 94°C 
for 10 sec, annealing at 55°C (optitnized) for 30 sec, and extension at 72°C for 
Imin with final extension at 72°C for 10 min.
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A nalysis o f  P C R  products

The P C R  products were analyzed as described previously in this paper. 

T esting for reproducib ility

Samples,  which produced amplif ied products in the  previous 
experiments,  were  tested with the procedure described in this paper to 
determine the reproducibility.

RE SU L T S AN D  DISCU SSIO N  

P roduct am plification  at d ifferent annealing tem p eratures

The amplified products for purified viral R N A  were  obtained only at 
the annealingTemperature  o f  55°C. Positive results were  obtained for CBLVd 
(233 bp), when purified viroid samples were amplified at 55°C as its annealing 
temperature. Its negative control did not give an amplified product.  Purified 
viroid samples gave negative results, when it was  amplified at annealing 
temperature 52°C, while its negative control also gave negative results for 
CBLVd (Figure 2).

D etection  o f  citrus v iro ids and C T L V  in sym ptom atic plants

All the samples tested did not give amplified products for CEVd,  CVd- 
III, CVd-IV, CV d-O S and CTLV. Positive results were  observed only for 
CBLVd, CVd-I-LSS and HSVd, where more than 50 %  o f  the samples in all 4 
citrus species gave amplified products for these 3 viroids (Table 4). The  gel 
photographs o f  the amplified products (CBLVd, CV d-l -LSS  and HSVd) 
viewed under UV transil luminater are shown in Figure 3, 4 and 5).

In the present study, already published systems were utilized with 
several modif ications as annealing temperature  60 C for 1 min (Ito e t cd., 
2002b) and 52 C for 15 seconds (N. Omori,  Ehime prefectural International 
Center, Japan — personal  communication).  Finally condit ions were  optimized 
using positive purified viral R N A  imported from Japan into, 55 C for 30 sec in 
primer annealing.  Extract ion o f  RN A  is extremely difficult due to its high 
degradable nature as a result o f  the abundance  o f  R N ase  enzym e in the 
environment.  As reported by Barbarossa  e t cd. (2007), the R N A  was extracted 
in this study by adsorption o f  R N A  on to the silica particles after  guanidinium 
buffer treatment, followed by protocol o f  Gunasinghe e t cd. (2009). Apart  from 
reducing the cost  o f  extraction, the protocol proposed by Gunasinghe  et cd. 
(2009) extracts R N A  within an hour, which allowed indexing more  samples 
during a shorter period o f  time.
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T ab le  4. R esu lts  o f  p ro d u c t  am p lif ica tion , non a m p lif ica tion  o f  7 v iro id s  and C T L V  in 
s y m p to m a t ic  p lants  (10 sam p les  w e r e  tested  from  each  sp ec ies )

Species
A m p lified  

or not 
a m p lified

C E V d CDL
Vd

CVd-
I-LSS H SV d CVd-

I ll
CVd-

lV
C V d - 

O S C TLV

Citrus
reticulata
(C o m m erc ia l
M an d ar in )

am plif ied
N A 100%

8 0 %
2 0 %

6 0 %
4 0 %

5 0 %
5 0 % 100% 100% 100% 1 0 0 %

Citrus
reticulata
(H e en n a ran )

am plif ied
N A 100%

100%
1 00 %

4 0 %
6 0 % 100% 100% 1 0 0 % 100%

Citrus
granclis
(P n m ello )

am pii lied 
N A 100%

5 0 %
5 0 %

5 0%
5 0 % 100% 100% 1 0 0 % 100% 1 0 0 %

Citrus  
sinensis  
(S w ee t  o ran g e )

am plif ied
N A 100%

4 0 %
6 0 %

4 0 %
6 0 %

6 0 %
4 0 % 100% 1 0 0 % 100% 100%

NA — not amplified

A ccord ing  to Ito and N am b a  (2002), HSVd and CVd -III were  the first 
and second most  frequently  detected viroids in Japan,  and CEVd,  CBLVd, 
CVd-lV  and C T L V  were detected occasionally. However ,  in the present study 
the presence o f  CVd-III  was not reported, where  occasional ly  detectable 
C BL V d in Japan was present frequently. Although Malfi tano et al. (2005) and 
Ito et al. (2002a) reported that  CEVd, HSVd and CVd-I l l  were the most 
widely detected viroids, CEVd was not detected in this study. Therefore ,  it can 
be assumed that  most  citrus species grown commercia l ly ,  such as sweet 
orange, grapefruit  and Commercia l  Mandarin are tolerant  to C E V d (Malfi tano 
e t al., 2005). Similar  to the reports from Japan (Ito et al., 2002a;  Ito et al., 
2002b), CVd-I-LSS was found in citrus species in Sri Lanka during this study. 
Although C T LV  was reported in Japan using RT-PCR (Ito et ci/., 2002a;  Ito et 
cil., 2002b; Ito and N am ba ,  2002) it was not found in the  tested Sri Lankan 
samples.

Absence  o f  amplificat ion o f  other  viroids except  HSVd, C BL V d and 
CVd-I-LSS, m ay  be due to many reasons. In the present study, the num ber  o f  
samples was limited to 40 from 20 trees due to limited t ime and facilities, and 
the chem icals  used in RT-PCR are expensive. Cost  o f  screening for one 
sample  is approxim ate ly  Sri Lankan Rs. 1000 and hence a m in im um  number 
o f  samples was screened in this study. I f  the sample  size is increased, it may 
have been possible to identify other  viroids, too. In addition, sample  collection 
from m any  citrus growing areas m a y  help to identify more  diseases in citrus 
cultivations. I f  genetic variants o f  viroids were present in citrus species in Sri
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Lanka, with respect to CVd-III,  CVd-IV, CEVd, CVd<-OS and CTLV, these 
may have got amplif ied with the specific primers designed for original viroids.

1 2 3 4 5 6 7 8

Figure 2. A m p lif ied  p ro d u cts  o f  C B LV tf, using  p r im er  pairs  E02 and  F03. L a n e  1, 2: 
p urif ied  v iral RINA (a n n ea l in g  te m p era tu re  52 C ), L ane 3: n eg a t iv e  control  
(a n n ea l in g  te m p era tu re  52 C), L ane 4: not load ed . L a n e  5: n eg a t iv e  contro l  
(a n n ea l in g  te m p era tu re  55°C), L ane 6: M o lec u la r  s ize  m a r k e r  (lOObp DNA  
L a d d er ,  G e n e  Scrip t  C oop ),  L ane 7, 8: p ur if ied  v ira l RINA (a n n ea l in g

o

te m p era tu re  55 C)

1 2 3 4 5 6 7

Figure 3. A m p lif ied  p ro d u ct  o f  C B L V d , using p r im er  pairs  E 2 and E 3. L ane 1: C G -3  
( C itru s  g ra n rfis  (P u m cllo )) ,  L ane 2: Y’A-2 (C itru s  s in e n s is  (S w e e t  oran ge)) ,  
L ane 3: IIO C R -2 3  (C itru s  re ticu la ta  (C o m m erc ia l  M a n d a r in ) ) ,  L a n e  4; VA-1 
(C itru s  s in e n s is  (S w ee t  ora n g e)) ,  L ane 5: M o lec u la r  s ize m a r k e r  (100  bp DNA  
L a d d er ,  G e n e  Scrip t C o rp ) ,  L ane 6: n egative  con tro l,  L ane 7: posit ive  contro l

When reproducibili ty testing was conducted,  previously amplified 
viroids were not present in some samples. As revealed by Guardo a  at.
(2005), viroid detect ion in f ield-grown trees can be influenced by climatic 
conditions and host species. Guardo ct al. (2005) also reported that 
identification o f  CEVd by RT-PCR in field samples can be affected by place 
o f  collection and temperature, and that other  viroids can be detected 
consistently only in warmer  months.  In the present study, the first batch o f  
samples were collected in a drier season where the second batch o f  samples in 
order to test the reproducibil ity o f  the protocol, was collected after a heavy 
rainfall. These  factors may have affected the results o f  reproducibili ty in 
HSVd amplificat ion.
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2 3 4 5  6 7  8 9  10

◄---------------- 247  bp

F igu re  4. A m p lif ied  p ro d u c ts  o f  C V d -I -L S S ,  using  p r im er  pairs  E 4 and  E 5. L ane 1: 
C C -8  ( Citrus reticu lata  (H ecn n a ra n )) ,  L ane 2: C G -2  (C itrus gran dis - 
P u m ello ) ,  L ane 3: C G -5  (Citrus grandis  - P u m ello ) ,  L an e  4: BI-1 (Citrus 
sin en sis - S w ee t  oran ge) ,  L ane 5; BI-3 (Citrus sin en sis  - S w e e t  o ra n g e) ,  L ane  
6: M o lec u la r  size m a rk er  (100  bp D N A  L a d d er ,  G en e  S cr ip t  C o rp ) ,  L ane 7: 
C R -2 5  ( C itrus reticu late  - C o m m erc ia l  M a n d a r in ) ,  L an e  8: H O C R -1 9  (C itrus 
re ticu la ta  - C o m m erc ia l  M a n d a r in ) ,  L ane 9: n eg a t iv e  co n tro l.  L ane  10: 
posit ive  con tro l

1 2 3 4  5 6 7 8 9

F igu re  5. A m p lif ied  p ro d u c ts  o f  H SV d using  prim er  pairs E 6 and E 7. L ane  1: IIO C R -  
29 ( Citrus reticu la te  - C o m m erc ia l  M a n d a r in ) ,  L a n e  2: C C -11 ( Citrus reticulata  
- I le e n n a r a n ) ,  L ane 3: Bl-1 (C itrus sinensis  - S w e e t  o ra n g e) ,  L ane 4; BI-3  
(C itrus sinensis  - S w ee t  oran ge) ,  L an e  5: M o lec u la r  s ize  m a r k e r  (100  bp DNA  
L a d d er ,  G e n e  S cr ip t  C orp ),  L ane  6: C C -7  (Citrus reticu la ta  - H ecn n a ra n ) ,  
L an e  7: C G -3: (Citrus gran dis  - P u m ello ) ,  L ane 8: n eg a t iv e  co n tro l,  L ane 9: 
posit ive  con tro l

Generally,  sym ptoms o f  HSVd and its variants are discoloration, 
gumming,  browning o f  phloem tissues and bark cracking (Frison and Taber, 
1991). However,  the symptoms observed in Sri Lanka were yellowing o f  
leaves. Accord ing  to Ito et al. (2002a), mixed citrus viroid infections can be 
broadly present in a single tree. Malf itano et al. (2005) reported that  most  o f  
the citrus trees (82%) are infected with more than one viroid and symptom 
expression may be influenced by synergistic or inhibitory interactions. This 
factor is more supportive for the modula ting o f  sym ptom s in the present  study. 
Similar to Ito e t al. (2002a), the present study revealed the presence o f  non­
specific bands together  with positive products in some amplicons.  However,  
no such fragments  have been detected in heal thy samples by Ito et al. (2002a).
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The confirmation o f  detection o f  HSVD, C B L V D  and CVD-I-LSS 
should be further supported by more information from sequential  analyses in 
order to establish virus- and viroid-free citrus cultivation, to promote  the citrus 
industry in Sri Lanka.

C O N CLU SION S

Amplif ied products o f  the viroids HSVd, CBLV d and CVd-l-LSS were 
obtained by RT-PCR, at an optimized annealing tempera ture  o f  55°C, using 
specific primers. Further these three viroids were detected in more than 50% 
o f  the samples in all 4 citrus species, i.e. C itrus re ticu la ta  (Heennaran),  C. 
grandis  (Pumello), C. sinensis  (Sweet orange) and C. re ticu la ta  (Commercial  
Mandarin). The results confirm the association o f  these three viroids with the 
symptoms o f  yellowing o f  leaf vein and downsized ieafves in citrus cultivars 
o f  Sri Lanka.

A C K N O W L E D G E M E N T S

The authors extend their  sincere appreciation to Dr. Noriko  Omori o f  
Ehime Prefectural International Center, Japan for providing purified viral 
samples, primers and technical guidance for this research. The  authors wish to 
thank Mr. W.D. Lesly, Research Officer, Fruit Crops Research and 
Development  Center, Kananwila , Horana, Sri Lanka for his continuous 
support during this research.

RE FE R EN C ES

A non. 2008. P o ck e t  b o o k  o f  agricultural statistics: Agstat. P erad en iy a :  Socio  E co n o m ics  and 
P lann ing  C en tre ,  D ep ar tm en t  o f  A gricu lture . 5: 21-23 .

B arb : irossa, L., G . L o co n so le  and C. V.ovlas. 2007 . V irus  and v iru s-L ik e  d iseases  o f  c itrus in 
Epirus. Journa l o f  P lan t Pathology . 89 (2 ) :273-276 .

B ar-Joseph , M ., S .M . G arnsey ,  D .G o n sa lv es ,  M. M o sco v itz ,  D .E . Purcifu ll ,  M .F . C la rk  and G.
L oebenste in .  1979. T h e  use o f  E n zy m e-L in k ed  Im m u n o so rb en t  A ssay  fo r de tec tion  
o f  C itn is-trizteza  virus. Phy topa tho logy . 69 : 190-194.

B roadben t,  P., P .C . Fahy, M .R . Gillings, J.K . B rad ley ,  and  D . B arnes . 1 9 9 2 . .A s ia t ic  citrus 
can k er  d e tec ted  in a pum ello  o rchard  in no rthern  A ustra lia .  P lan t  D isease .  76 :824- 
829.

Frison, E. A ., and M .M . T aher.  1991. F A O /B P G R  T ech n ica l  G u id e l in es  for the safe 
m o v em en t  o f  citrus germ piasm . R om e: Food  and A gricu ltu re  O rg an iza t io n  o f  the 
U nited  N a tio n s /  In ternational O rgan iza t ion  o f  citrus v iro log is ts .  35 -39 .

G onzales ,  I.C. 1989. C itrus  G reen in g  D isease  in the Philipp ines:  D is tr ibu tion  and curren t 
control m easures .  V irus  D iseases  o f  Citrus. 284 :16 -21 .



54 D A S S A N A Y A K E  et al.

G uardo , M ., T. M arie tta ,  G. B oninelli ,  A. L eonard i,  G. S o rren tin o  an d  A. C aruso .  2005.
D etec t ion  o f  v iro id s  in forced  citrus cuttings. Journa l o f  P lan t P a th o lo g y .  87 (2): 14 1 - 
144.

G u nasinghe ,  W .A .D .S .K .,  E.M . D assan ay ak e  and  N .M . U b e y se k a ra .  2 009 . Succesful 
D e tec t ion  o f  R N A  v iruses  by R everse  transc rip t ion  p o ly m era se  cha in  reaction. 
A n n a ls  o f  the  Sri L an k a  D ep ar tm en t  o f  A gricu ltu re .  1 1:57-62

htpp://wvv\v.sabina.an z lo v a r .co m . R etrieved  on 13 February  2 0 1 0 .

Ito, T., H. Ieki, K. O zak i ,  T . Iw anam i,  K. N a k ah a ra ,  T. H ataya, M . Isaka and  T. Kano.
2 0 0 2 a .  M ult ip le  c itrus v iro ids  in c itrus from Jap an  and  the ir  ab ility  to p roduce  
ex o co rt is - i ik e  sy m p to m s  in citron. P hy to p a th o lo g y .  9 2 :5 4 2 -5 4 7 .

Ito. T.. FI. Ieki and K. O zaki.  200 2 b . S im u ltan eo u s  d e tec t ion  o f  six citrus  v iro ids  and  Apple  
stem  g ro o v in g  virus  from  citrus p lants  by m ultip lex  re v e rse  tran sc r ip t io n  p o ly m era se  
cha in  reac t ion .  Journal o f  V iro log ica l  M eth o d s .  106 :235-239 .

Ito, T. and  N . N a m b a .  2 002 . D is tr ibu tion  o f  citrus v iro ids  and A pple  stem  g ro o v in g  virus  on 
c itrus  trees in Jap an  using  m ultip lex  reverse  tran sc r ip t io n  p o ly m e ra se  cha in  reaction . 
J G en . P lant Pathol.  69: 2 05-207 .

Jag o u e ix ,  S., J .M . B o v e  and M . G a m ie r .  1994. T h e  P h lo e m -L im ited  B ac te r iu m  o f  G reen in g  
D isease  o f  C itrus  is a M e m b e r  o f  the a lpha  S u b d iv is io n  o f  the Proieobacteria . 
In terna t ional  Journa l o f  S ystem atic  B acte r io logy . 3 :3 7 9 -3 8 6 .

Jagoue ix ,  S., J .M . B o v e  and  M. G a m ie r .  1995. P C R  d e tec t io n  o f  tw o  'C a n d id a tu s '  
L ib e ro b a c te r  sp ec ie s  assoc ia ted  with g reen in g  d isease s  o f  citrus.  M o le c u la r  and 
C e l lu la r  P robes .  10:43-50.

»

M alfi tano ,  M ., M. B aro n e ,  N . D u ran -V ila  and  D. A lio to . 2005 . In d ex ing  o f  v iro id s  in citrus 
o rc h a rd s  o f  C am p an ia ,  S ou the rn  Italy. Journa l o f  P lant P a th o lo g y .  87 (2):1 15-121.

Pow ell, C .A . and  R.R. Pelosi.  1993. P rev a len ce  o f  S evere  S tra ins  o f  C ur us irizteza  virus  in 
F lo r id a  c itrus  nurseries .  H o rtS c ien ce .  28 (7 ) :6 9 9 -7 0 0 .


