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Complete genome sequence analysis of grapevine pinot gris virus isolates

from Inner Mongolia
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('College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China)

Abstract: [Objective] The objective of this study was to acquire the complete genomic sequence of
grapevine pinot gris virus (GPGV) isolates from Inner Mongolia and to perform a comprehensive analy-
sis of the GPGV population, encompassing sequence identity, phylogenetic relationships, gene recombi-
nation, sequence similarity and genetic diversity. [Methods] Grape leaf samples that had previously test-
ed positive for GPGV served as the experimental materials for total RNA extraction. A total of 100 mg
of GPGV-infected grape samples were processed in accordance with the Spectrum™ Plant Total RNA Kit
instructions. The quality and concentration of the extracted RNA were evaluated via 1% agarose gel
electrophoresis and microspectrophotometry, respectively, and the RNA was preserved at —80 °C for fu-
ture use. Vector NTI software was utilized to align all the full-length genomic sequences of GPGV re-
ported in the NCBI GenBank database. Three primer pairs (GPGV-1F/GPGV-1R, GPGV-2F/GPGV-2R
and GPGV-3F/GPGV-3R) were designed within the conserved regions to amplify the complete genom-
ic sequence of GPGYV, ensuring that overlapping fragments between adjacent amplification products ex-
ceeded 200 bp. Subsequently, primers (GPGV3 and GPGV1) were designed for amplifying the termi-
nal sequences of GPGV. Total RNA was employed as a template to synthesize cDNA using the Super-
Script™ III Reverse Transcriptase Kit under the conditions of 50 °C for 1 hour, followed by 70 °C for 15
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minutes. The cDNA template was then used to amplify the nucleotide sequences of GPGV with Q5
High-Fidelity 2xMaster Mix, employing thermal cycling parameters of denaturation at 98 °C for 30 sec-
onds, annealing at 56 °C for 30 seconds, and extension at 72 °C for 2 minutes over 35 cycles. The
SMARTer® RACE 5'/3' Kit was used to amplify the 5' and 3' terminal sequences of GPGV. PCR prod-
ucts were identified through 1% agarose gel electrophoresis, and the target fragments were purified us-
ing a gel DNA purification kit. The amplified and RACE-obtained GPGV genomic sequences were as-
sembled using Vector NTI software to reconstruct the complete genomic sequences of GPGV. ClustalW
in MEGA 11 was employed to conduct multiple sequence alignments of all complete genomic sequenc-
es of GPGV in the NCBI database (152 isolates), and a phylogenetic tree was constructed using the
Maximum-Likelihood method with 1000 bootstrap replicates as determined by the MODLES program.
Sequence identity analysis was performed on the complete genomic sequences and open reading frames
(ORFs) using BioEdit 7.2 software. Recombination analysis was executed on the complete genomic se-
quences of the isolates using seven recombination detection algorithms provided by RDP4 software.
Population neutrality tests, selection pressure analysis, nucleotide polymorphism analysis, and haplo-
type polymorphism analysis were conducted on GPGV isolates using DnaSP v.6.12.03. [Results] The
complete genomes of two GPGV isolates from Inner Mongolia (20IM- ViVil and 20IM- ViVi2) were
successfully cloned, each comprising 7250 nucleotides and encoding three open reading frames (ORFs).
Sequence identity analysis demonstrated that the genome sequences of isolates 20IM-ViVil and 20IM-
ViVi2 were 96.4% identical. Their identity with other isolates varied from 79.7% to 96.8% and 79.5%
to 97.7%, respectively. Furthermore, the identity among the full genome sequences of GPGV isolates in
China spanned from 82.0% to 99.9%. A phylogenetic tree based on the complete genome sequences of
all GPGYV isolates revealed that the existing 152 complete genomes were partitioned into four clades.
Clade III and Clade IV were further divided into two minor subclades (a and b). The two isolates 20IM-
ViVil and 20IM-ViVi2 obtained in this study were both grouped in Clade I and were most closely relat-
ed to the Summer Black grape isolate SRR2845691-GPGV from China. A phylogenetic tree constructed
from Chinese GPGV isolates indicated that these isolates were predominantly divided into four clades.
The GPGYV isolate Shihezi-1 from Xinjiang displayed a relatively high genetic distance from other iso-
lates, with a distant phylogenetic relationship, and was therefore placed in Clade I separately. The iso-
lates 20IM-ViVil and 20IM-ViVi2 obtained in this study were both aggregated in Clade IV and were
most closely related to the Summer Black grape isolate SRR2845691-GPGV. Recombination analysis
revealed that no significant recombination events were detected in the GPGV isolates 20IM-ViVil and
20IM-ViVi2. Genetic diversity analysis suggested that GPGV possessed high genetic diversity, with the
Asian isolates showing the highest genetic diversity. [Conclusion] This study marks the first to obtain
the complete genome sequences of GPGV isolates from Inner Mongolia. Both GPGV isolates had a ge-
nome length of 7250 nt, containing three ORFs, and exhibited high identity with existing GPGV iso-
lates (excluding the Japanese isolate H-JP2), with identity ranges from 79.7% to 96.8% and 79.5% to
97.7%, respectively. Additionally, the phylogenetic tree constructed from all GPGV complete genome
sequences was divisible into four clades, with the isolates obtained in this study clustering in Clade I .
Genetic diversity analysis revealed that Asian GPGYV isolates exhibited high genetic diversity, potential-
ly indicating an origin center, although population expansion occurred in Europe. This study represents
the first comprehensive analysis of GPGV isolates from Inner Mongolia, providing critical insights into
their genomic structure and evolutionary dynamics.
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Table 1 Primer information used in this study

EIEZER S Fr41(5'-3" B i/ PNUN B
Primer name Sequence (5'-3") Annealing temperature/°C Amplified fragment length/bp Site/nt
GPGV-1F GATCAATTGATCCCGTGTAGTG 56 2619 19~2637
GPGV-1R RAAGCACCCAACTTTTGGYAG
GPGV-2F TGCAGGTGTATGAACARGATG 56 2892 2339~5230
GPGV-2R CCAAAGCACACATGTCATCAC
GPGV-3F GGAGGTTTTTGCATTGAATCAG 56 2314 4911~7224
GPGV-3R GAAGTTACGYGCTCMTATGAG
GPGV3 CCAAATGCCCTATGTGACTG 56 937 1~937
GPGV1 TGACTTTTCGTCAAGTGTGT 54 369 6892~7260

A PR BT LA B GPGV H BRbR i 51 (GenBank % 3%

:NC_015782) A5 %,

Note: The amplified product sites are referenced to the International Standard Sequence of GPGV (GenBank Accession No.: NC_015782).
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A. 20IM-ViVi2 [f] RACE § #4554 B. 20IM-ViVi2 [f] RT-PCR § #4553 ; C. Y GPGV ¥ 5 A ) 8] A0 AR » AR R B A R
44 VW . M. DL2000marker; 1.35.6.7 &4 GPGV 43 &%) 20IM-ViVil ] RACE J RT-PCR #5455 :2.4.8.9.10 & GPGV 4 &4
20IM-ViVi2 [¥] RACE & RT-PCR #3454,

A. The results of the rapid amplification of cDNA ends for 20IM-ViVil and 20IM-ViVi2; B. The RT-PCR amplification results for 20IM-ViVil and
20IM-ViVi2; C. The field symptoms of Summer Black grapes infected with GPGV, characterized by mottled, wrinkled, and deformed leaves. M.
DL2000 marker; Lanes 1, 3, 5, 6, 7 show the RACE and RT-PCR amplification results of GPGV isolate 20IM-ViVil; Lanes 2, 4, 8, 9, 10 display the
RACE and RT-PCR amplification results for GPGV isolate 20IM-ViVi2.

1 RACE F RT-PCR ¥ 8 R KR GPGV HBEEKHE B & AR
Fig.1 Amplification results of RACE and RT-PCR and field symptomatology of grapevine plants infected with GPGV
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Fig.2 The complete sequence identities among GPGYV isolates from various regions in China
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Fig. 3

Phylogenetic tree constructed on the base of the complete genome of GPGV
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Fig. 4 Phylogenetic tree constructed based on the isolates of GPGV from China
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Fig.5 Analysis of neutrality tests and nucleotide polymorphism for the GPGV populations
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Table 2 Analysis parameters of selection pressure on different coding regions of GPGV
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Note: ENC. Effective number of codons; dy, ds and the div/ds were estimated by DnaSP6; Normalized dN-dS values (dx-ds divided by the total

length of the tree), an indicator of natural selection, was calculated for Shallot yellow stripe virus isolates by using SLAC method. Mean (dv/ds) val-

ue = 1, << 1 and > 1 indicate neutral evolution, negative (purifying) selection and positive (diversifying) selection, respectively, for each gene-specific

sequence data set. The bolded font indicates the positively selected codon sites identified by the three algorithms (FEL, SLAC and FUBAR).
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