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Analysis of population structure and genetic variation of apple
scar skin viroid (ASSVd)
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Abstract Apple scar skin viroid (ASSVd) is the causal agent of apple scar skin disease and is a major pathogen
limiting apple production in China. However, the composition and genetic variation of the global population of
ASSVd remain unclear. Here, we aligned 212 genome sequences of ASSVd retrieved from GenBank and analyzed
their genetic variation and phylogenetic relationships. The global population of ASSVd fitted the model of
quasispecies. It consisted of 165 highly related but nonidentical variants with two master variants represented by
MW315909 and MW302328 from apple in China. In addition, genetic variation analysis based on the reference
sequence (NC001340) showed obvious bias towards certain bases for mutation types and towards several certain
positions for the distribution of mutations on the genome. Mutations occurred not only in terminal left (T ),
pathogenicity (P), and central (C) regions in the secondary structure of ASSVd, but also in variant (V) and
terminal right (Tr) regions. It should be noted that there were four conserved regions in the secondary structure
of ASSVd, two of which, terminal conserved region (TCR) and central conserved region (CCR) , are known and
the other two located in the junction of V and Tk regions are new. The two new conserved regions may play
important roles in ASSVd replication and movement. Together, these results are helpful for understanding the
occurrence and epidemic of ASSVd. and provides a reference for developing detection technology of RT-PCR/
qPCR and new clues for studying the interactions between ASSVd and its hosts.
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Table 1 Genomic sequences of ASSVd from different hosts in different countries in GenBank

ASSVd SER 41 75 AR / 4%

FE Number of genomic sequences of ASSVd
Host HE i [ B Al il B JIIE DN EE:S Bt
China Korea India Iran Greece America Canada Japan Total
SRR Apple 72 9 14 9 7 = = 2 113
W42 Crabapple 17 — — — — — — 17
£l Pear 2 1 = 4 7 1 = 15
#k  Peach 10 = = = = = = 10
#Hk  Cherry = = 2 16 = = 18
7 Apricot 10 = = = = 10
354¢  Chrysanthemum = = 4 = = = 4
¥ Bamboo = = 5 = = = 5
Fi  Tomato = = 1 = = = 1
HHEL  Tobacco = = 1 = = = 1
# ) Cucumber = = 4 = = = = = 4
#i  Pigweed — — 2 — — — 2
Bis. Pea = = 1 = = = 1
3} 5. Bean — — 1 — — — 1
K1 Unknown 1 8 = = = 1 10
it Total 112 18 35 13 30 1 1 2 212
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Table 2 Sequences of the two master variants of ASSVd population

=
kB T 514/ wmm  HE R SH
Variant No. ace. mo, Location of primer Geographic location Host Year Reference

MI1(330nt) 1  MWB315909 302—329/1—22, 73—97/98—121 EEINER P 2021 —

2 MW297141 302—329/1—22, 73—97/98—121 hE AR R 2021 -

3 KP772686 = PELT W 2015 —

1 KP772684 — oh 5T 5 £ 2015 —

5  HMB367077 310—329/1—20, 129—147/148—168 R 4R PR 2010 [31]

6  EU031455 58—80/81—97 o [ £ 2007 [

7 DQ362906 310—329/1—20, 129—147/148—168 o [ 3 £ 2006 [20]

8  AY972082 310—329/1—20, 73—97/148—167 b 5T 5 o 2005 [22]

9 FJ974099 82—97/98—122, 83—102/98—118 e R 2009 (2]

10 FJ974098 82—97/98—122, 83—102/98—118 75 L 2009 [32]

11 FJ974097 82—97/98—122, 83—102/98—118 7ol i 2009 s2]
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473K 2 Table 2(Continued)
BN 5 GenBank 5194 & /nt Hiy B ER 0y E DTN
Variant No. ace. o, Location of primer Geographic location Host Year Reference
M2(331nt) 1  MW302328 = U E AR W 2020 -
2 MN482244 — o = o8 2019 [33]
3 MHI105034 1—19/308—329 o =] g L 2018 [25]
4 MH427539 = PE LR W 2018 —
5  MH427537 — s E AR it 2018 —
6  KY963667 82—101/102—122 hE LR o8 2017 (10]
7 AF421195 = 5 [ W 2004 0341
8 FM208142 83—102/98—118 E S 2008 &
9  FMI178284 83—102/98—118 s o8 2008 (35
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Table 3 Transitions and transversion occurring

in ASSVd population

RAABF 1 R ERAR S R A
A A LR 7 1 1B I URELD /K

Mutation type  Mutation Number of Times of

mutated positions mutation
Tl L 5 4 AG 18 157
Transition GA 21 182
CT 19 206
TC 18 168
TR F 45 AT 14 176
Transversion TA 12 104
CG 8 38
GC 15 102
TG 7 29
GT 16 236
AC 12 67
CA 18 137

D a: ¥ ZH 751 (NCO01340) 55 164 R AR IASEFI 2 BEAT LU AL . 2%
JP A b R A DR R pU B 5 b 212 SRR AR A A
[F) 2 AU AR S ) AR AR
a The number of genomic positions in reference sequence
(NC001340) that occurred mutations when comparing with the
164 variants; b: The number of variants containing the same

type of mutations in 212 genome sequences.
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All 212 ASSVd sequences are aligned using the sequence of ASSVd (NC001340) as the reference. The Y axis represents the number of sequences
containing the mutations that occur at each genomic position. The X axis represents the position of ASSVd genome. 125+G126 and 219+U220 are the
two types of mutations that occur most frequently, with 206 and 216 sequences, respectively
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Fig. 1 Distribution of mutations on the genome of ASSVd
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Terminal left (T,), pathogenicity (P), central (C), variant (V), and terminal right (Ty) regions are five structural domains of the secondary structure of ASSVd.
Terminal conserved region (TCR) and central conserved region (CCR) are two known conserved motifs in T, and C regions. Variable conserved region (VCR)

and right conserved region (RCR) are two new conserved motifs found in this study
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Fig. 2 Distribution of mutations on the secondary structure of ASSVd
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