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The New Strain of Columnea latent viroid (CLVd) Causes Severe Symptoms

on Bolo Maka (Solanum stramonifolium Jacq.)
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ABSTRACT

Columnea latent viroid (CLVd), one of the smallest plant pathogens consisting of
367-374 nucleotides, is an important plant pathogen.in tomato causing stunting, necrosis
of leaf veins, petioles, and stem, leaf discoloration, flower dropping, small fruits, as well as
death of the whole plant. Nevertheless, it can cause high yield loss in tomato, potato, and
pepper crop productions, but causes symptomless on some species of Solanum such as
eggplant (Solanum melongena), and bolo maka (Solanum stramonifolium). In 2011, a new
strain of CLVd was found inducing severe symptoms in bolo maka such as stunting,
apical stunt, rugosity and mosaic of leaves, small lateral leaves, necrosis of leaf veins and
petioles. By nucleotide sequence analysis of the new strain and the previously reported
CLVds in GenBank, 7-9 different changed bases were shown In these bases, only two
bases at position 83 and 292 that varied by the symptom on bolo maka. Both positions
were part of pathogenic domain (P domain) on the new strain which base A was added
at the position 83 (base insertion) and base A or T was changed to G (base substitution)

at the position 292. Since, the pathogenic domain sequences (nucleotide position 39-91 at
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upper P-domain and 277-328 at lower P-
domain) have been known as the domain
that controls the disease symptoms and
virulence on host plants of most viroids.
Base on this work, it is possible to assess
whether the two positions play the role in
the pathogenicity and severity controller
of this viroid. This is the first report for
CLVd. However, to prove this hypothesis,
further study is needed to confirm the

assumption.
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WAz 20 % PVP-40 lay Na SO uaz PVP-40
Wunould) Usuims 1 wa. Undl 657
Wuian 30 ud duaneznaufininuisa
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Figure 1. Symptom appearing on infected
tomato var. Rutgers after mechanical
transmission of CLVd-bolo maka isolate:
a) stem stunting. b) rugosity and chlorosis
of leaves, ¢) necrosis of leaf veins and

petioles.

Figure 3. Symptoms on bolo maka:

stunting, rugosity and small lateral leaves

21MIANe alunetu waziaInwadmne
o A W . v A a
Msnanduly (Figure 2) uazludrenade
[} -l ol : ]
Tnaiseilouradn uwariianiseluvatu
" - & o V
(Figure 3) Fasinvaniia CLVd fazliuane
2INNIRAUNA (latent) NuNE8N (Figure 4)
v Ve 1 & i
wazlutlagudelifiseswifidelseud

neliinemsiaunilufsnguuzdold

Healthy

Figure 2. Symptoms of infected bolo
maka after CLVd-bolo maka inoculation:
a) comparison of plant height between
healthy one (left side) and infected ones
(three on right side), b) upper healthy leaf,
c) upper infected leaf showing rugosity
and chlorosis, d) under healthy leaf and

e) lower infected leaf showing vein

Necrosis
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Figure 4. Symptom comparisons on bolo

maka after inoculation of CLVd original
isolate: a) comparison of symptom
between CLVd-bolo maka (right side) and
CLVd original isolate (left side), b) latent
symptom of CLVd original isolate, c)
apical stunt, rugosity and vein necrosis of
CLVd-bolo maka

2. MIATIEUEs l1sanddwAs RT-PCR

e SiBuefianaldanfanasou
2 %iia fiugaseinsiaUnAdimaila RT-
PCR wuilduoufiduiefisiouinyseann
370 dws (Figure 5) Bufluzuraiilndides

s c“ &
fuialisosd

3. mAwNiAAdle Infuaedslsoud

\diptwandn RT-PCR #ildluvnansu
fiaadlelng wudrflauindoud 369-370
finadlalngd (Figure 6) Lipudayasdy
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Figure 5. Electrophoretic analysis of DNA
bands (around 370 base pairs), by RT-
PCR of CLVd-bolo maka isolates with
PC2 primers, 1) bolo maka sample, 2)
CLVd-bolo maka infected bolo maka plant
and 3) CLVd-bolo maka infected tomato plant
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COGAACTAAACTCGTGGITCOTGTGSTTCACACCTGACCCTGUAGCCATGCAAAGARAARD
CLEAACTARACTCGTGG TTCCTGTGGTTICACACCTGACCCPGCAGCCATGCARAGARARA
COGAACTAAACTCGTGGTTCCTGTGETTCACACCTGACCC TGUAGLCATGCAARGARANL
R T T L L L Y R e R LR R LR TR T Y LR Y

AAGAACGGGAGGAAGAGUGCARAGAGCGGTCTCAGGAGCUCCGGGGCAACTCAGACCGAS
AAGAACGGCGAGGAAGAGCGCAAAGAGLGETCTCAGGAGCCCCEGGGCAACTCAGALCCGAG
AAGAACGGGAGGAAGAGCGUCARAGAGCGGTCTCAGGAGCCCCGGGGUAACTCAGACCGAG
LR e T L TR R e R R R TR

CLGEGGTCTPGACCAGTGGCGAGCGCCCTGTT CAGACAGGAGTAATCCCCGCAGAAACAGG
COGGGTCTTGACCAGTZGCGAGCGUCCPGTTCAGACAGGAGTAAT CCCAGCAGRARACAGS
CGGGGTCTTGACCAGTGGCGAGCGCCCTETTCAGACAGGAGTAATCCCTGTTGAAACAGG
AR E AR ER AR R AR RITE R IR AR TR TRk TR AU R ER A & ReRERERR

GTTTTCACCCTTCCTTTCTTUTGGTTTCCTTCCTCTGUTTCAGCGGCCTCGCCCGGAGTC
GTTTTCACCCTTCCTTTCTTCTGCGCTTTCCTTCCTCTGCTTCAGCGGCUTCGCCCGGAGTC
GTTTTCACCCTTCCTTTCTTCTGGTITCCTTCCTCTGCTTCAGLGLLCTCHCCCGGAGTC
ARk A R R R R KA R Rk R A K E A R R A R A K AR R K R F R A E A R kP R AT A R R R A R R AR A R e Xk R

TTGACCAGCGCAGGTTCTGACGCGACCGGTGGLATCACCGAGTECGCTCAAGCCTCAT -C
TTGACCAGCGCAGGTTCTCACGCGACCGGTGGCATCACCCAGTTCGCTCAAGCCTCATAC
TTGACCAGCGCAGGTTCTCACGCCACCGGTGGUATCACCGAGTTCGCTCAAGCCTCAA-C
LR R R I R R R R R R R R R E R T E TR TR L XL

CTCCTTTTTCTTCAT TCTAGCTTGGT CTCCOGLCGAGGGTGTTTAGCCCTTGGAACCGCA
CrTCCTPTTTCTTCATTCTAGCTTCGT CTCCGGGCGAGGGTGTTTAGCCCTTGGAACCG A
CTCCTTTTTCTTCATPCTAGCTTGGTCTCCGGGCGAAGGTGTTTAGCCUTTGGAACCGCA
EARR L RR ARG AREL R AR R ER AR AR R AR AR R ATk BA ALk R R Rk AR R AN k" AR AR

GTITGGTTCCT 369
GTTGGTTCCT 370
GTPGGTTCCT 369
hkkEkR P ek RE
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Figure 6. Sequence comparison of CLVd-bolo maka isolates (Solanum1, Solanum 4 and

Solanum 16)
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(AM698095.1)] (US11u3, 2548; USiyng,
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Solanuml CGGRACTRAACTCGTGGTTICCTGTGGTTCACACCTGACCCTGCAGCCATGCARAGAARRA 60

Solanumd CGGRACTARACTCGTGGTTCCTGTGGTTCACACCTGACCCTGCAGCCATGCARAGAARAR 60
Solanuml 6 CGGRACTARACTCGTGETTCCTGTGGTTCACACCTGACCCTCCAGCCATGCRARGRARAA 60
PC-2-Pa2 CEGGRACTAAACTCGTGGTTCCTETGETTCACACCTGACCCTGCAGCCATGCAAAGAAMAA 60
PQ-728 ~GGRACTAAACTCGTGG TTCCTGCGGTTCACACCTGACCCTGCAGCCATGCAAAGAARBA 59
MC-M-11 CGGAACTARACTCGTGETTCCTGTGGTTCACACCTGACCCTGCAGCCATGCARAGCRAMBA 60

Solanuml ARGAACGGGAGGBAGAGCGC GARGCGETUTCAGGRECCCUGEEGCABRCTCAGACTGAGS 120
Solanumd AAGARCGEGAGEAAGAGCGEC GARGUGGTCTCAGGAGCCCCGHEGUAACTCAGACCGAG 120
Solanuml§ AAGRACGHGAGCAAGAGUGL. GAGCGOSTCTCAGEAGCCCCAGEECAACTCAGALCEAG 120
PC-2-Paz2 A-GAACGGGAGGABGAGCCGCAN-GAGCGETCTCAGGAGCCCCGGRGUARCTCAGACCGAG 118
PQ~-728 AAGRACGGGAGAAAGAGCGCAN-GAGCEGTCTCAGGAGCCCCGRGECAAC TCAGACCGAS 118
MC-M~11 A-GRACCGGAGGAAGASCECAN-CAGCEGICTCAGGAGCCCUGEEGCAARCTCAGRCCGAG 118
**tt ek Ak Rk *’*t*****t—
Solanuml CEGEEE ~TCTTE-ACCAGTEGCEAGCGCCCTGTTCAGACAGGAGTAATCCCCGCAGARACA 178
Solanund CEGGE~TCTTG-ACCAGTGGCEGAGUGCCCTGTTCAGACAGGAGTARTCCCAGCRGARRCA 178
Solanumlé CEGGEG-TCTTG-ACCRACTGECFACCECCCTETTCAGACAGGAGTARTCCCTETTGAARCA 178
PC-2~Pa2 CGGGGATCGCGGACCGAGGGCGGAAGCCTGCTTCAGACAGGAGTAATCCCCGCAGAARCA 178
PQ-T728 CGGGEG~TCTTG-ACCAGTGECEAGCGCCCTGTTCAGATAGGAGTAATCCCAGCTGAAACA 176
MC-M~-11 CGEEE-TCTTG~-ACCRGTGGCRAGLGCCCTETICAGACAGGAGTAATCCCAGCTGARACKE 176

Solanuml GEGTTTTCACCCTTCCT TICTTCTGGTTTCCTTCCTCTIGCTTCAGCGECCTCGCCCGGAG 238
Solanumd GGGTTTTCACCCTTCCTTTCTICTRGTTTCCTTCCTCTGCTTCAGLGGCCTCGCCCGGAG 238
Solanuml 6 GEGTTTTCACCCTTCCTTTCTTC TGGTTTCCTTCCTCTGCTTCAGCGECCTCGCCCGGAG 238
PC-2~Pa2 GEGTTITTCACCCTTCCTTTCTICGGETTTCCTICCTCTGCTT - ~GCGECCTCGCCCGGAG 236
PQ-728 GEETTTICACCCTTCCTTTCTTCTGETITCCTTCCTCIGCCTCRGCGGLCTCECCCGGAG 236
MC-M-11 GEGTTTTCACCCTTCCTTICTTCTGGTTTCCTTCCTCIGCTTCAGCGECCTCGCCCGGAG 236
Solanuml TCTT~GA~ ~-CCAGCGCAGGTTCTGACGCGACCGGTGGCATCACCGAGTT ~CGUT -C 293
Solanund TCTT-GR- ~CCAGCECAGETTCTGACGCEGRACCGAGTGGCATCACCGAGTT ~CGCT ~C 293
Solanumlé TCTT-GA~~CCAGCGCAGETTCTGACGUGACUGETGGUATCACCGAGTT -CGCT ~-C 293
PC~-2-Pa2 TCTTCGRAATCCAGCGCAGGTTCTGACGCGACCGETGGCA~CGCCGAGT ~ ~CGCTCACTIGC 293
PQ~-T728 TCTT-GA~ ~CCHEGCGCAGGETCTGACGCGACCGETGGCATCACCGAGTTTICGCT ~C 292
MC-M-11 TCTT-GA- ~CCAGCEUAGGT TCTGACGLGACUGETGGCATCACCBAGTTTICECT 293

Mok gk ok ko ok ek A Ak

Solanuml CTCA-TCCTCCTTTITCTTCATICTAGCITGGTCTCCEGELGAGGGTETTTAGCCCTTIGE 352
Solanumd CTCATACCTCCTTTITCTTCATTICTAGCTIGETCTCCGGGCGAGEETGTTYAGCCCTTGG 353
Solanuml 6 CTCR~ACCTCCTTTITCTTCATTCTAGCTTGGTCTCCGEECGRAGESTGTTTAGCCCTTGE 352
PC-2-Pa2 CTCA~ACCTCCTTTTTCTAC - TTCTAGCTT GETCTCCEGGCGAGGETGCTTAGCCCTTGG 351
PQ-728 CTCA-ATCTCCTTTTTCTTCATTCTAGCTTGGTCTCCEEGCGAGGETGTTCAGCCCTTGEG 351
MC-M-11 CTCA-ATCTICCTTTITCT ~-CATTCTAGCTTGGTCTCCEGGCGAGGRETGTTTAGCCCTITGG 351

Solanuml ARCCGCAGTTIGGTTCCT~ 369
Solanumqg AACCGCAGTTGGTTCCT~ 370
Solanuml§ AARCCGCAGTTGGTTCCT- 369
PC-2-Pa2 BACCGCAGTIGGTTCCT~ 368
PQ-728 BACCGCAGTTGGTTCCTC 369
MC-M-11 AKRCCGCAGTTGGTTCCT- 368

Figure 7. Sequence comparison of CLVd-bolo maka isolates (Solanum1, Solanum 4 and
Solanum 16) and other CLVd isolates (PC-2-Pa2, PQ-728, and MC-M-11). Colour
underlined sequences was mean viroid domains. (green = TL domain, pink = P domain,

yellow = C domain, dark blue = V domain, and light blue = TR domain)
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Table 1. Domain sequence comparison of CLVd-bolo maka isolate and other CLVd latent

symptom isolates (PC-2-Pa2, PQ-728, and MC-M-11)

Identity of CLVd-bolo maka

Sequence (%) CLVd latent
Domain symptom
position
Solanum Solanum Solanum isolates
1 4 16
Left terminal domain 329 - 39 96 96 95 PQ-728
(79 base) 98 98 97 PC-2-Pa2
100 100 98 MC-M-11
Upper pathogenic domain 40 - 91 96 96 96 PQ-728
(51-54 base) 100 100 100 PC-2-Pa2
100 100 100 MC-M-11
Upper central domain 92 - 110 100 100 100 PQ-728
(19 base) 100 100 100 PC-2-Pa2
100 100 100 MC-M-11
Upper variable domain 111 - 153 100 100 100 PQ-728
(41-43 base) 68 68 68 PC-2-Pa2
100 100 100 MC-M-11
Right terminal domain 154 — 215 95 97 95 PQ-728
(62 base) 98 96 93 PC-2-Pa2
96 98 96 MC-M-11
Lower variable domain 216 - 259 93 93 93 PQ-728
(43-44 base) 90 90 90 PC-2-Pa2
100 100 100 MC-M-11
Lower central domain 260 - 276 100 100 100 PQ-728
(14-17 base) 100 100 100 PC-2-Pa2
100 100 100 MC-M-11
Lower pathogenic domain 278 - 328 92 92 95 PQ-728
(54-56 base) 88 80 90 PC-2-Pa2
94 85 96 MC-M-11

Remarks: The accession number of each CLVd isolate:

Solanum 1 (JF742632.1),

Solanum 4 (JF742633.1), Solanum 16 (JF742634.1), PQ-728 (DQ923061.1), PC-2-Pa2

(DQO22677.1) and MC-M-11 (AM698095.1)
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Figure 8. Comparison of internal loop structure at position 83 and 292 (program mfold

RNA-Folding-Form) :

a) 5 domains of CLVd; conserved central domain (C domain),

pathogenicity domain (P domain), variable domain (V domain), terminal-left domains (TL

domains) LAY terminal-right domains (TR domains), b) big internal loop of CLVd-bolo

maka with another loop at right side., c¢) smaller internal loop of CLvd PC-2-Pa2 with

another loop at right side.d) big internal loop of CLVd PQ-728 with another two loops at

right side, e) biggest internal loop of CLVd MC-M-11 with another two loops at right side
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