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.        RT-PCR        

 .     )   (     )    (  

)(.M=.
Fig. 1. Electrophoresis pattern of DNA fragments amplified by RT-PCR with a specific hop
stunt viroid primer pair. 1,3 a sweet lime tree from Darab; 4-7 lime trees from Jahrom. No
band was observed in healthy control sample (lane 2). M= marker.
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Fig. 2. Primary structures of HSVd variants from various sources. Sequences are aligned for
maximum homology. Nucleotides: Conservedsequences; Nucleotides: Identical sequences; -:
lack of nucleotide.

.
Table 1. Characteristics of HSVd isolates used in this study

Isolate Accession no. Host Origin Number of
nucleotides

sb FJ465507 Sweet lime Fars (Jahrom) 299
sycv FJ465506 Sweet orange Fars (Jahrom) 302
cit 1 FJ626867 Sweet lime Fars (Darab) 302
cit 2 FJ626868 Lime Fars (Jahrom) 298
cit 3 EF126046 Satsuma Mazandaran 300
cit 4 EF186992 Satsuma Mazandaran 300
cit 5 AF213494 Citrus sp. Spain 297
cit 6 AF213495 Citrus sp. Spain 297
cit 7 X00009 Citrus sp. Japan 297
cit 8 AB054615 St. Michael orange-Wakayama Japan 302
cit 9 AF213491 Citrus sp. Spain 297

cit 10 AF131249 Citrus sp. California 299
lycv AJ490824 Lime India 295
alm AJ011813 Almond Spain 296
apr AJ297840 Prunus Spain 297
cuc X00524 Cucumber Spain 303
gra M35717 Grapevine United States 296
pea D13765 Peach Japan 297
plu D13764 Plum Japan 297

CEVd (out
group)

EF126047 Citrus sp. Mazandaran 371
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.           

HSVd-cit1HSVd-cit2 BioEdit (version 5.0.9))Hall, 1999.(
Table 2. Comparison of nucleotide composition, number and type of nucleotides and molecular
weights of HSVd-cit 1 and HSVd-cit 2 using BioEdit (version 5.0.9) progrom (Hall, 1999).

Number of nucleotides and proportion Ratio Ratio Molecular Weight
estimation

A U C G A+U G+C A/U G/C Single
stranded

Double
stranded

Viroid

no. % no. % no. % no. % % % % % Daltons Daltons
HSVd-

cit1 67 22.19 67 22.19 89 29.47 79 26.16 44.37 55.63 1 0.89 97121 193326

HSVd-
cit2 61 20.47 72 24.16 85 28.52 80 26.85 44.63 55.37 0.85 0.94 95606 190710

.HSVd-cit 1)Free energy = -118.9 Kcal(HSVd-cit 2

)Free energy = -120 Kcal.(
Fig. 3. Comparison of secondary structures and minimum free energy of HSVd-cit 1 (Free
energy = -118.9 Kcal) and HSVd-cit 2 (Free energy = -120 Kcal).
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.HSVd

Table 3. Percent sequence identity between selected HSVd isolates used in this study
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H
SV

d-cit8

H
SV

d-sycv

H
SV

d-cuc

H
SV

d-gra

H
SV

d-cit7

H
SV

d-pea

CEVd 100 46 46 46 45 45 46 46 46 46 46 46 46 46 47 47 46 45 45 45
HSVd-cit1 100 88 88 87 87 88 89 88 89 89 89 89 89 89 89 89 89 89 89
HSVd-cit2 100 99 93 93 94 94 92 92 92 93 93 93 92 92 92 95 95 95
HSVd-sb 100 93 93 94 94 92 93 92 94 94 94 93 93 93 95 95 95

HSVd-alm 100 100 95 92 90 91 90 91 92 92 91 92 92 94 95 94
HSVd-plu 100 95 92 90 91 90 91 92 92 91 91 91 94 95 94
HSVd-apr 100 94 93 93 93 94 93 93 92 93 93 96 98 97

HSVd-cit10 100 96 96 96 96 97 97 96 96 96 96 96 96
HSVd-cit5 100 99 99 99 93 93 92 93 92 94 94 94
HSVd-cit9 100 100 99 94 94 93 93 93 95 95 94
HSVd-cit6 100 99 93 94 93 93 93 94 95 94
HSVd-lycv 100 93 93 93 93 93 95 95 94
HSVd-cit3 100 99 99 99 98 95 96 95
HSVd-cit4 100 99 99 98 95 96 95
HSVd-cit8 100 100 99 94 95 94
HSVd-sycv 100 99 95 95 95
HSVd-cuc 100 94 95 94
HSVd-gra 100 99 98
HSVd-cit7 100 99
HSVd-pea 100
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.          HSVd)   (      

neighbor-joining .bootstrap.
Fig. 4. Phylogenetic tree constructed from the alignment of nucleotide sequences of 19 HSVd isolates
using the neighbor-joining method based on 10 000 replicates. The numbers indicate bootstrap

percentage. See Table 1 for viroid accession numbers.
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