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Detection and phylogenetic analysis of four important viroids from vineyards
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Abstract

Viroids are classified in two families including Avsunviroid that consists of three genera (Pelamoviroid, Avsunviroid and
Elaviroid) and pospiviroid including five genera (Apscaviroid, Hostuviroid, Cocaviroid, Coleviroid and Pospiviroid).
Grapevine-infecting viroids belong to the three genera in the pospiviroid family. A total of 121 symptomatic and non-
symptomatic leaf and green shoot samples were collected from the main vineyards in Zanjan province to detect the important
viroids infecting grapevines. Total RNAs were extracted from the samples and then cDNAs were synthesized by cDNA
synthesize Kit with a random hexamer primer. Specific primers used to detect Grapevine yellow speckle viroid 1(GYSVd-1),
(GYSVd-2) Grapevine yellow speckle viroid 2, (HSVd) Hop stunt viroid, Australian grapevine viroid (ASGVd) in reverse
transcription polymerase chain reaction (RT-PCR). The results revealed that the specific DNA fragments corresponding to
each viroids were amplified in PCR. Percentage of infections were 14%, 16%, 20% and 22% for GYSVd-1, GYSVD-2, HSVd
and ASGVd relative to total number of examined samples, respectively. Sequencing of seven selected PCR-amplified
fragments showed that each newly sequenced segment was classified in a clade with the previously reported respective isolates
from Iran. In addition, the most mixed infection related to HSVd and other viroids. This is the first assay to detect the four
important viroids infecting vineyards form Zanjan province.
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Table 1. Sequences of primers that used to detect the grapevine viroids.

Viroid Primer Sequence (5'-3/) Expected Reference
size (bp)
Gysvdl  GYSVA-LmF CAAAGCCCTTTTTCTTTCAACTGAG
GYSVd-1-mRI CCCAGAGCAGCGTGGTCC 250 Hajizadeh et al. 2012
GYSVd-I-mR2 CCCAGAGCAGCGTGG(T/C)(C/T)(CIT)
GYSVd-2-PI ACTAGTACTTTCTTCTATCTCCGAAGC ,
CYSVA2Z  Gvsvd-2-P2 ACTAGTCCGAGGACCTTTTCTAGCGC 375 Hajizadeh et al. 2012
HSVd-78P AACCCGGGGCAACTCTTCTC »
HSVd HSV-83 M AACCCGGGGCTCCTTTCTCA 312 Hajizadeh et al. 2012
ovq _ AG<LCTCGACGACGAGTCGCCAGGTGAGTCTT 269 Wan and Symons 1997

AG-h1 GTCGACGAAGGGTCCTCAGCAGAGCACC

gy ooy “;%ﬁ:&)) oge (oo, 5 o alols
e opdleds (Lt (0D S5 g ogee Cewgy (59,95 S F
90300 (S 9 (BT (BOS n )3 3L A mlg s
e (g e (§3g95e Slaad 5 Wag a0 b S gl
Flores et al. 2005; Adkar-Purushothama ) (\ L&) sy
SLL o wd, Jad Jsb o cilise ol 4> 5 (et al. 2014
Sl o wuad b caas (WMe el Ll cils 042 g alisre
odalive JB 50l blgly (Ll 25l 5 Ll Lol g )l

RECATY:

Sk Slopeis STy jl ol il
1o 55T 5l olizal b )T oy plol g CONA sl gyl
Syge Dlakad 2SS Gl (Sl oy 250 Adgng (colaiS
az lesliinl b low (o @mls og s lsmis oge)! 5o sl
YVeaslad (AGVA) o5l Sldl il a3y g (golazs ! 5511
wolas! Slakad oals v, p diges ao ) YY 0 5L
VPN F oo i 4 j5KIY 5 ) (69,5 sloadong 4 by
obais] Slabd (pizmes 5 0l (pw)p sladiged wo)o
sor GLaiged wo,0 Ve 0 Sl (MgisS adgns 4 bgye

O o lice ol

Sl S50 oy 5z DYoo rni
Comdge Wdgng A ey Ll Jpare e
pliy E5 58 bawg 5 CBl edle 93 g wliz oLl

b b Iy s le Al
5 MLl b T o Y g 5l ol Cowsey sla Jlgs
22385 15 aalis 550 (NCBI) Sy 9 05250 slo Iy
slaosls b ot b Iy sasilSss slaosls (Y Jsa)
Loy 09290 slatlazr b lasdy g 5l plaS o oyl
“py ) eslawl L NCBI Sledbl oGl o adgpng ol &
Neighbor s, 5 (Kumar et al. 2016) MEGA 7 |33l
CS e Solg o g wad alfue g5l oo Joining

1005 e § @l g Ve e SIS Ll

shae, jo Slaalico
oy bl alizee 3bls jl aS Glaiges VT goooxe
VPRFATAY el o sy 5 i g cslo b o 5o
G539 509 S 5o e (il digad il s 5 (5 5lmax
S o Bl ((JShoy (S las L S 55,08) Sy s,
()00 s shnd gy 59,5 1 gdyy S S, S S, )
wilil mals) b 5 d(plul JAS00) Slomsd slaplail
O Ly dwg) a8 (LS LS S, S
Sl SgisS sl wle (KL 5 53,555 5

J Aopl Res Plant Prot

$




Yo

Afe)YV-Ae (F) Ve ﬁﬁoéf)ocgoﬁjﬁghﬂjjg

e

— 1

f g

= C GYSVA-2 a5 0351 b GYSVA-1 4y 005/ F — @ .l 0355 S badg s 4 il (Fg)1 a5 sladigas ,o oidle ) S

HSVA & 0041.9 — & ASGV 4 o4l
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Figure 2. Phylogentic analysis of different viroids in grapevine based on nucleic acid information including new isolates
in this research and previously reported Iranian isolates. The tree was cerated by MEGAT7 software and Neighbor-Joining
method. Branches with bootstrap values less than 50 were removed. The new Iranian isolates are shown in Bold. ASVd

used as the outgroup.
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Table 2. Information on the isolates that used for phylogenetic tree.

Viroid Isolate Accession Number Host Country
GYSVd-1 - NC_001920 - USA
GYSVd-1-CF7#1 JQ686712 - Iran
Xatam KF916047 Vitis vinifera Iran
Amhl#15 JQ686709 - Iran
Sh-8-1/3 DQ408542 - Iran
VD-102 MF979529 Vitis vinifera Croatia
T1_23 KT000346 Vitis vinifera Czech
HSVd HSVd-CY73 KX819244 Citrus sp Cyprus
T1_23 KT000353 Vitis vinifera Czech
HSV-HUMKA4 MF497538 Grapevine Hungary
Ker.Far.P KY829131 Pistacia vera Iran
J Aopl Res Plant Prot
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IR-Gala MN695313 Malus domestica Iran
LMSX2 EF186992 Satsuma mandarin Iran
gahro KF876039 Vitis vinifera Iran
mahalat KF876038 Vitis vinifera Iran
AGVd AGVd-AO14#1 JQ686704 - Iran
AGVd-Bm10#2 JQ686701 - Iran
AGVd18 FJ940923 Vitis vinifera Iran
2 JX110705 Vitis vinifera Iran
AGVd-Iran6 KY404214 Vitis vinifera Iran
shahreza KF876036 Vitis vinifera Iran
GYSvd-2 Czz1 KX966257 China
gahro KF916050 Vitis vinifera Iran
GYSVd-2-CF7#2 JQ686718 Iran
Bm10#1 JQ686716 Iran
ys29 FJ940922 Vitis vinifera Iran
NC_003612 Vitis vinifera USA
VB-108 MF979530 Vitis vinifera Croatia
SL13-1 KY978405 Vitis vinifera Pakistan
PSTVd PSTVd-PM1-46 GQ853464 Solanum tuberosum Poland
NC_002030 USA
M14814
AY532804 Capsicum annum New Zealand
ASSvd NC 001340 USA
Chrysanthemum Y00435 Japan
ASS_AP10 EU031496 Apricot China
AY10ch7 HQ326097 Pyrus communis Iran
cccwvd CP246 KM588102 Cocos nucifera Malaysia
UPM13D MN704849 Malaysia
720 MF579861 Elaeis guineensis Malaysia
NC_001462 USA
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Table 3. Percentage of infectivity to different viroids.

Infectivity Percentage

Number Region ASGVvd GYSvd-2 GYSvd-1 HSVd
Zanjan 25 24 12 16 20
ljrood 10 20 20 10 20
Abhar 26 19.23 15.38 115 15.4
Khoramdareh 12 16.66 16.66 8.33 25
Tarom 13 23.07 7.69 7.69 23.07
Zanjanrood 14 21.42 28.57 21.42 14.28
Soltaniyeh 21 23.8 14.28 14.28 23.8
Total 121 21.48 15.7 13.22 19.83
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