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Abstract
Objective

The Hop stunt viroid has the widest host range among viroids and is prevalent worldwide. This
research aims to detect and characterize HSVd variants in the vineyards of Kerman province and
some other parts of Iran and analyze the variants' phylogenetic status.

Materials and methods

Seventy-four leaf samples were collected from grapevines in Kerman, East Azerbaijan (Tabriz),
and Fars (Beyza) provinces during the summers of 2018-2020. The samples were processed and

subjected to RT-PCR to detect HSVd using specific primers. Then, complete genomes of seven
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HSVd variants were sequenced and blasted into GenBank. In the MEGA 7.0 program, the

neighbor-joining statistical method was used to construct a phylogenetic tree to consider

relationships between the detected HSVd variants and those obtainable in GenBank. Furthermore,

the homology of the grapevine-related variants was analyzed by SDT v1.2 software. Finally, eight

plant species and varieties were experimentally inoculated by two HSVd variants to study

symptom expression and determine host range.

Results

Throughout the world, HSVd variants have been grouped into five phylogenetic groups: Citrus,

Hop, Plum, Plum-Hop/cit3, and Plum-Citrus. Accordingly, the identified seven HSVd variants in

this study and several previously reported variants from grapevines in Iran and Germany were

classified under the main group, Hop. The HSVd variants from grapevine had genome lengths

ranging from 297 to 300 nucleotides, with 93.3-98.7% nucleotide sequence similarity. Three of

the seven HSVd isolates identified in Kerman province vineyards and four isolates previously

reported from grapevines in Iran and Germany formed a subgroup within the Hop cluster. In

addition, the Hop group included four Iranian pistachio HSVd isolates from the Kerman province

and some Tunisian pistachios HSVd isolates with Iranian provenance.

Conclusions

Given that HSVd infection of grapevines has been documented in Iran before pistachio infection,

pistachios were most likely infected via HSVd inocula transferred from affected grapevines.

Therefore, based on molecular studies and available evidence, grapevines can be assumed to be

the source of infection for pistachio trees.
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! Smallest plant pathogenic agent
2 Circular single-stranded Ribonucleic acid
3 Base pairing

4 Loops

5 Secondary structures

¢ Potato spindle tuber disease

7 Hop stunt viroid (HSVd)

8 Type spices

° Dahlia latent viroid-1, DLVd
10\Woody plants

' Herbaceous plants
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! Grape/hop-type
2 Plum-type
3 Citrus-type
4 Phylogenetic relationships
> Recombinant group
¢ Plum-citrus-type
7 Plum-hop/cit3, P-H/cit3
$ Australian grapevine viroid (AGVd)
® Grapevine latent viroid (GLVd)
10 Citrus cachexia viroid (CCaV)
' Grapevine yellow speckle viroid-1 (GYSVd-1)
12 Grapevine yellow speckle viroid-2 (GYSVd-2)
13 Grapevine fanleaf virus (GFVP)
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Table 1. List of grapevine samples collected between 2018 and 2021, including variety,

number, and geographic origin

Region Variety No of samples
Kerman-Kerman Rishbaba 5
Kerman-Shahr-e-babak Askari 10
Kerman-Sirjan Rishbaba 7
Kerman-Jiroft Askari 4
Kerman-Cekonj Askari 7
Kerman-Naseraabad Rishbaba 6
Kerman-Negar Askari 10
Kerman-Mahan Askari 8
Tabriz-Tabriz Askari 10
Fars-Beyza Askari 7
Total 74

Sladises > S3l, (SIFsS Mg by selaion I weSan (50 e s S iSTy o 1yl yf ] S |

sy célo Lol glsas |5l (Zhang et al. 1998) wi glsen 11yl T CTAB Jig) L wld (sy5laes 555!

! Ribonucleic acid (RNA)
2 Reverse transcription reaction (RT)
3 Cetyltrimethylammonium bromide (CTAB)
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Table 2. Characteristics of primers used in this research for detection of HSVd (Amari et
al. 2001)

Siel pb Sl Jg 95 Candye
Primer name Primer sequence Genomic position
VP-19  5- GCCCCGGGGCTCCTTTCTCAGGTAAG -3°  Complementary to HpSvd
residues 85-60
Homologous to HpSVd
residues 78-102

VP-20 5- CGCCCGGGGCAACTCTTCTCAGAATCC -3

& Bl s g HSV laalis ou s iS5 )] w0 Jg—ame 10310 Jaodi g dy 3505 9 D) 37 cyunnd

Gy 3 1 o Lachl 5 e 51 ol gl LS5 oSl (eed g 53,5 JLn) gz 50,8 (53, le o83
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4ol Ly g NCBI Sledbl olSoL 5 o5 Sl o d9590 laaslis ol o5 Ly sal

Llgy (yyr g oSS €8 3 vy jolaieds .13,5 plosl BLASTN (http://www.ncbi.nIm.nih.gov/BLAST)

neighbor- s, s MEGA (Version 7) )18l s 5 5l g pg ol slacdsly plow b osel cowis slacal i Suisjokd

Muhire ) w5 b, SDT VL2 18l o5 b 5 laaslis (g59dg0n ol5e (KUmar et al. 2016) 15 oz joining

! Reverse primers
2 Reverse transcriptase enzyme
3 Polymerase chain reaction (PCR)
4 Specific primer
5> Tag DNA Polymerase enzyme
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!Iranian HSVd grapevine isolates
2 Multiple sequence alignment
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Table 3. Hop stunt viroid isolates identified in grapevines in this study, including origin,
GenBank accession number, variety and genome length

S d 8 yLowd
alas il o5 PN o555 Job
Isolate Location Variety o) =R Genome length
GenBank acc. No

Far.Bz.G6 Fars-Beyza Askari 0OL456179 300
Ker.Ck.G5 Kerman-Cekonj Askari 0OL456180 298
Ker.Dm.G6  Kerman-Shahr-e-babak Askari 0OL456181 300
Ker.Dr.G1 Kerman-Shahr-e-babak Askari 0L456182 297
Ker.Na.G6 Kerman-Naseraabad Rishbaba 0L830691 299
Tab.T.G10 Tabriz-Tabriz Askari 0L456183 297
Tab.T.G31 Tabriz-Tabriz Askari 0L456184 297
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21y s 09)5 15 o)l 5l) Xatam alie o (oLl 545 51) 96 5 G4 98 wlS ul jloas 5)13S wlix oy o jones
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Figure 1. A: Reverse transcription-polymerase chain reaction used for the detection of Hop
stunt viroid. Lane M, 100b DNA ladder; lane 1-7 grapevines infected samples with Iranian
HSVd isolates (Table 3)
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Figure 2. Sequence-based pairwise identity of seven Hop stunt viroid isolates identified in
grapevines in this study and those clustered in Hop group using the SDT v1.2 program
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Figure 3 .Phylogenetic relationships between the hop stunt viroid isolates characterized in
the present study and those available in GenBank. The lIranian isolates are depicted in

green. Potato spindle tuber viroid (PSTVd) was also included as an outgroup
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Figure 4. Secondary structure predicted for the identified hop stunt viroid (HSVd) isolates
in this study using the Mfold program, showing nucleotide substitutions compared to the
reference isolate HSVd.h1l. Five structural domains are conserved in the Pospiviroidae;
terminal left (TL), pathogenicity (P), central (C), variable (V), and terminal right (TR)
regions are indicated at the top of the reference sequence
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Table 4. Symptom expression on test plants inoculated with two-hop stunt viroid isolates
from grapevines in this study

Isolate  alas

Testplant S oLS

Ker.Dr.G1 Ker.Dm.G6
Cucurbitaceae
Cucurbita pepo L. cv. Khoy NS NS
Cucumis sativus L. cv. Beith alpha Y.LDTLM VCE.LDM
Cucumis satlvuls:.lL. cv. Superina YM LDTLM
Cucumis melo L. cv. Yellow YVCM M
Cucumis melo L. cv. Soghan NS NS
Cucumis melo L. cv. Ananas M LDM
Solanaceae
Nicotiana tabacum var Samsun. N NS NS
Nicotiana bentamiana L. NS NS

E: epinasty; LD: leaf deformation; M: mosaic; TL: tiny leaf; VC: vein clearing; Y: yellowing; NS: no
symptoms.

FIOres ) s bglse (539l &g 4 1581 5 515 gou Lid (slaliwst el ;5 HSV 5 GYSVAL w3950 9

15591 pB)) 5l Sl (NgssS Agpg s atdiS > cpien (€t al. 1985; Hadidi et al. 2017; Rezaian et al. 1988
Hajizadeh et al. 2015; Koltunow et al. 1988; Sano et ) cosloas Li)i5 olpl g Lg,l codsie bl Wl pl 4
2 Sl (NS Wgpg il 1555 ool plgea yols Limgh 5l selcws wls .(@l. 1986; Semancik et al. 1988;
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Figure 5. Symptom expression on cucurbitaceous test plants inoculated by two-hop stunt
viroid isolates identified in grapevines in this study. A, mosaic, leaf deformation, and tiny
leaf on cucumber (Superina F1 variety) inoculated with the Ker.Dm.G6 isolate versus
control (right); B, vein clearing and yellowing; and C, mild mosaic on Cucumis melo (Yellow
variety) inoculated with the Ker.Dr.G1 isolate. D, leaf deformation, and vein clearing on
cucumber (Beith alpha variety) inoculated with the Ker.Dm.G6 isolate
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