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Abstract

Apple stem grooving virus (ASGV) is one of the important viruses infecting apple trees. In this research, 87
symptomatic and symptomless leaf and bark samples were collected from the apple orchards in west and south west of
Zanjan and east of Kurdistan provinces to detect ASGV. After total RNA extraction from 50 out of 87 samples, cDNAs
were synthesized by reverse primer and PCR optimized using a pair of specific primer corresponding to complete coat
protein gene. A DNA segment with 728 bp length corresponding to complete coat protein gene was amplified from
twelve samples by RT-PCR. Nine PCR-products including four samples cloned into pTG19 and five samples without
cloning were sequenced. The sequencing and blast results revealed that the fragments belong to coat protein gene of
Apple stem grooving virus. Phylogenetic analysis of new Iranian isolates and those retrieved from GenBank by MEGA
7 and Neighbor-Joining methods in Jukes-Cantor model showed that the new Iranian isolates were placed in a sub-clade
with reported Iranian, Indian, South Korean and Chinese isolates. The result revealed that the least dN/dS ratio
belonging to Iranian isolates and the most gene flow was calculated between isolates from Iran, China and South
Korean. This is the first report of Apple stem grooving virus from the Zanjan region.
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Table 1. Information of collected samples and the result of detection in different regions.

Sequenced RT-PCR" Bark RT-PCR  Leaf Sample Region
3 4 3 12 23 Zanjan
1 1 - 5 8 ljrood
_ - - 3 5 Abhar
_ - 2 4 Khoramdareh
2 3 4 10 14 Mahneshan
2 3 2 11 15 Zanjanrood
1 1 - 7 10 Bijar
9 12 9 50 78 Total
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Table 2. Sequences of the forward and reverse primers based on ASGV coat protein gene.

Primer name

Sequence of Primers” Size
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Table 3. Characteristics of ASGV isolates included in the phylogenetic analysis.

Isolate Host Country Accession number
MRJ5 Apple India MN912566
SPASG Apple India MT678109
- Apple India FM204881
Red Chief Apple India KJ617056
Ki-1 Actinidia deliciosa India HG796196
Ki-3 Actinidia deliciosa India HG796198
AP-RD1 Apple India LN901439
WR-32 Wild Rose India LN559087
BAU2 Bauhinia variegata India LN559075
HPHF15 Apple India LN901436
Ap-GS2 Apple India LN901437
AGJP-22 Pear Japan HM352772
Hanzhong2 Actinidia China MH457057
x Apple China JX885569
HZ76 Prunus mume China KY680265
YT-4-4 Apple China KF735124
HN-14 Rosa chinensis China KU254601
Pd-21 Pear China GQ330294
GJ Polygonatum kingianum China MK592613
- Apple South Korea AF465354
Gw4 Apple South Korea KR606309
Ys4 Apple South Korea KR606311
CS6 Apple South Korea KR606316
YS8 Apple South Korea KR606313
CS9 Apple South Korea KR606319
17 Apple South Korea KR606322
CW6 Apple South Korea KR606323
P67 Pear South Korea JN792492
SJ2018 Pyrus pyrifolia South Korea LC487910
CA2018 Pyrus pyrifolia South Korea LC487911
GW-JS Cnidium officinale South Korea LC506127
Kpl Pear South Korea MG682506
CO-kr1 Cnidium officinale South Korea MW889884
NYJ2018 Pyrus pyrifolia South Korea LC487914
- - South Korea AF465354
ASGV_CP:BR:11 Apple Brazil MH378808
ASGV_CP:BR:6 Apple Brazil MH378810
ASGV_CP:BR:5 Apple Brazil MH378809
uvo1 Apple Brazil AF438409
KS3 Apple Iran MK354030
kz Prunus armeniaca Iran MK354031
D3 Apple Iran MK354032
NG Pyrus communis Iran MK354033
SS Apple Iran MK354034
SS4 Apple Iran MK354035
X4 Apple Iran MK354036
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Figure 1. Mosaic, leaf curling and leaf deformation symptoms in ASGV infected samples.
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Figure 2. Electrophoresis of PCR product amplified by specific primers ASGV-CPF, ASGV-CPR. 1. Ladder 100 bp,
Lane 2-6. PCR-products amplified by ASGV CP specific primers, Lane 2. Negative samples not-infected Lane 7.

Healthy plant (Negative control).
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Figure 3. Phylogentic analysis of Apple stem grooving virus isolates based on nucleic acid sequencing of coat protein
gene and Neighbor-Joining method using MEGA7 software. Bootstrap values more than 50 were showed on the

branches and new Iranian isolates are shown in bold.
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Fig 4. The result of polymorphism trend along the coat protein genes in ASGV populations, Pi stands for nucleotide

diversity.
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Table 4. Data on population parameters of different ASGV populations based on the coat protein gene.

Country N H Hd S n K n SS NS ds dN 0]

South Korea 15 15 1.000 138 153 46.610 0.06697 153.81 539.19 0.24248 0.01670 0.068
Iran 17 11 0.941 68 69 11.088 0.01553 161.48 549.52 0.05819 0.00315 0.054
China 6 6 1.000 116 130 53.800 0.07556 159.14 548.86 0.26712 0.02053 0.076
Brazil 4 4 1.000 78 79 41.167 0.05766 161.33 549.67 0.21673 0.01150 0.053
India 11 11 1.000 140 152 51.000 0.07143 160.42 550.58 0.27419 0.01293 0.047

i (G Bl g g (Sidsy gy (0f Lelel p Blitee Sleimer (gly (S Bl et B Jgde
Table 5. Genetic differentiation estimates for geographical populations of ASGV CP.

Population aKs" Kt Ks*, Kst*p value azx P value Snn P value bFsr
Iran (n=17)/Brazil(n=4) 2.03867 0.14288 0.0000 *** 4.13203 0.0000 0.8857 0.0000 *** 0.232
Iran (n=17)/ South 2.62602 0.21338 0.0000 *** 4.75779 0.0000 0.9687 0.0000 *** 0.499
Korea(n=15) ok

Iran (n=17)/ China(n=6) 2.29550 0.19999 0.0000 *** 4.24765 0.0000 0.9130 0.0010 ** 0.449
Iran (n=17)/ India(n=11) 2.50369 0.10051 0.0000 *** 4.68772 0.0010 ** 0.7261 0.0170 * 0.189
India (n=11)/Brazil(n=4) 3.53222 0.01600 0.1680 ns 3.61655 0.1460 ns 0.7333 0.1760 ns 0.021
India (n=11)/ South 3.52206 0.06488 0.0010 ** 4.58839 0.0060 ** 1.0000 0.0000 *** 0.167
Korea(n=15)

India (n=11)/ China(n=15) 3.67781 0.05524 0.0090 ** 3.72934 0.0120 * 0.8235 0.0220 * 0.175
South Korea 3.48526 0.04959 0.0070 ** 4.08257 0.1090 ns 0.9473 0.0030 ** 0.193
(n=15)/Brazil(n=4)

South Korea 3.59220 0.04416 0.0120 * 4.24011 0.0330 * 0.8571 0.0060 ** 0.131
(n=15)/China(n=11)

China (n=11)/Brazil(n=4) 3.73008 0.01456 0.3060 ns 2.79702 0.3260 ns 0.7500 0.0930 ns 0.106
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