I. Pipia, V. Tabidze

Annals of Agrarian Science 18 (2020) 246-250

Annals of Agrarian Science

Journal homepage: http://journals.org.ge/index.php

Draft annotation of stilbene synthase genes of Georgian grape varieties

I. Pipia*, V. Tabidze

Institute of Molecular Genetics, Agricultural University of Georgia, Kakha Bendukidze University Campus, # 240,

David Aghmashenebeli Alley, Thilisi, 0159, Georgia

Received: 6 September 2020; accepted: 21 September 2020

ABSTRACT

In the times of genome-sequencing the bioinformatics is becoming the vital importance for the field of genomics. Here we present draft

annotation of stilbene synthase (STS) candidate genes of four Georgian grape varieties - Chkhaveri, Saperavi, Meskhuri Mtsvane and
Rkatsiteli by web-based system MEGANTE. It has shown the existence of STSs in the chromosomes 10 and 16. Abundance of STSs
candidates is found on chromosome 16. The obtained data is caring significant information for the future gene-expression studies of

STSs of Georgian grape varieties.

Keywords: Stilbene synthase genes, MEGANTE, Chkhaveri, Saperavi, Meskhuri Mtsvane, Rkatsiteli.

*Corresponding author: Dr. Ia Pipia: E-mail address: i.pipia@agruni.edu.ge

Introduction

In the last few decades, genome-based research
has become a very popular and accessible approach
for studying of the structures and functions of ge-
nomes. Identification of the primary genome struc-
ture, which involves the detection and analysis of
genes and intergenic regions, is crucial for studying
the molecular basis of that unique features that causes
individuality of each species and also, for the assess-
ment of phylogenetic links between different taxa
of living organisms. Much of the data generated by
genome sequencing is processed by bioinformatical
programs and softweres, that provides scientists with
more or less organized information about the nucle-
otide sequence organizations of the certain genomes.
However, it should be noted that bioinformatical data
mostly have to be checked and corrected by so called
“manual curation” as mistakes/mismatches in ma-
chinery annotation is not a rare case.

To date the complete genomes of the numbers
of plant species are sequenced and annotated. The
amounts of those species are increasing day by day.
Among fully sequenced and annotated genomes is
the genome of grapevine (Vitis vinifera ssp. vinif-
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era) — the World’s most important agricultural crop
[1-5]. According to the data received from the se-
quence-analyses of firstly fully sequenced grape va-
riety - Pinot noir, Vitis vinifera ssp. vinifera, is a dip-
loid (2n=38) taxa with 19 chromosomes in karyo-
type. Genome size in V.vinifera is relatively smaller
than in other plants - 475-500 Mb. The length of
mitochondrial and chloroplast genomes are 750,000
and 160,000 bp respectively [6, 7, 5, 8]. It is shown
that the genome carries up to 29.000 genes [1,2].
Tabidze et al., [5] performed whole genome se-
quencing of well known Georgian grape varieties:
Chkhaveri, Saperavi, Meskhuri mtsvane and Rkats-
iteli by using Illumina HiSeq. Pinot Noir nuclear, mi-
tochondrial and chloroplast DNA were used as refer-
ence. In the frame of the mentioned research among
other results, length of chromosomes of Georgian
grape cultivars (19 chromosomes for the each grape
variety), the amounts of genes and SNPs were detect-
ed. Interestingly that in the same work the successful
annotation of terpene synthase genes was conducted
by using of web-based program MEGANTE — the
method which we used in the presented research.
Stilbens represent a small group of phenylpro-
panoids, which are found in at least 72 non-relat-



1. Pipia, V. Tabidze

ed plant species. Stilbenes are accumulated in cells
in response to biotic and abiotic factors (i.e. stress
infection, mechanical injury, ultraviolet radiation,
chemicals). Well-known resveratrol — stilbene com-
pound, who has the antioxidant activity, can increase
resistance to pathogens (e.g., Botrytis cinerea, Eu-
typa lata, Plasformin viticola). Besides, stilbens are
participating in plant-killer relationships, and also
have the ability to slow down the progression of
some diseases [9].

The major enzymes in the biochemical cascade
of phenylpropanoids are stilbene synthases (STS).
The main goal of the presented research was detec-
tion and annotation of STS genes of four Georgian
grape varieties: Chkhaveri, Saperavi, Meskhuri
Mtsvane and Rkatsiteli, by using web-annotation
system — MEGANTE [10].

Materials and Methods

Web-annotation system MEGANTE (https://me-
gante.dna.affrc.go.jp) was used for annotation of the
stilbene synthases (STS) genes of Chkhaveri, Saperavi,
Meskhuri mtsvane and Rkatsiteli. The system automat-
ically run different programs and integrates the results
to select the consensus exon-intron sites and to pre-
dict open reading frame (ORFs) regions. MAGANTE
makes possible functional annotation, which includes
searches of identities against known proteins and func-
tional domains. The final data generated by the system
can be downloaded what makes easy to use it.

Because MEGANTE has some limitations in
the sizes of uploaded sequence-files, at the initial
stage of the study, the sequences of chromosome 10
and 16 of Chkhaveri, Saperavi, Meskhuri mtsvane,
Rkatsiteli and reference Pinot noir were fragmented
(cutted) by the program ARTEMIS. For each grape
genome ARTEMIS generated 5.000.000 bp long se-
quences what was corresponded to the MEGANTE’s
allowed size - 10 Mb. According to the chromosome
lengths presented in the Table 1, all five genomes
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were cut into three fragments of 5.000.000 and one
fragment of 3.000.000 bp lengths.

Chromosomal sequence containing nucleotide
sequences of stilben synthases - chromosomes 10
and 16 of Georgian grape varieties were obtained
from the link provided by Agricultural University
of Georgia:

https://drive.google.com/open?id=0B4mIJZ9E-
7ht7Q1dDTm9HbGFIR1U.

As reference genome sequences of Pinot noir
were used (Genoscope:

http://www.genoscope.cns.fr/externe/Genome-
Browser/Vitis).

The annotation process included the numbers
of steps. More concretely: Finding the appropri-
ate consensus exon-intron structures for predicting
open reading frames (ORFs) at each locus and mak-
ing functional annotation, including a similarity
search against known proteins and a functional do-
main search for the predicted ORFs.

Results and Discussion

In our previous work sequence of all 19 chromo-
somes of four Georgian grape cultivars was deter-
mined by resequencing using Pinot noir as a refer-
ence genome [5]. Chromosomal lengths of chromo-
some 10 and 16 where existence of STS candidate
genes were found are representing in Tab.1.

49 candidate STS genes were predicted on chro-
mosomes 10 and 16 of all studied Georgian culti-
vars by web-annotation program MEGANT. Among
them, on chromosome 10, only one STS gene was
observed in Chkhaveri, Rkatsiteli and Meskhu-
ri mtsvane. At the same time, the presence of two
STS genes was detected in Pinot noir, and none was
found in Saperavi. Differences in gene number were
observed on chromosome 16 of all Georgian grape
cultivars. 14 STS genes were found in Meskhuri
Mtsvane, 13 in Saperavi, 10 in Chkhaveri and 9 in
Rkatsiteli (Table 2).

Table 1. Chromosomal lengths of Georgian grape varieties according to Tabidze et al., [5].

Chromosome  Rkatsiteli Saperavi Meskhuri Mts. Chkhaveri Pinot noir
(bp) (bp) (bp) (bp) (bp)

16 22,021,800 22,050,608 22,056,729 22,057,692 22,053,297

10 18,122,339 18,139,422 18,146,577 18,143,602 18,140,952
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Table 2. Numbers of annotated stilbene synthase candidate genes in chromosomes 10 and 16.

Cultivar Chromosome 10 Chromosome 16
Chkhaveri 1 10
Meskhuri Mtsvane 1 14
Rkatsiteli 1 9
Saperavi 0 13
Pinot noire 2 12

STS-predictions of Chromosome 10

Single STS gene was detected in chromosome
10 of the tree Georgian grape varieties: Meskhuri
Mtsvane, Chkhaveri, Rkatsiteli by system ME-
GANTE. Predicted STSs genes were found in the
range of 14.203.661 — 14.285.672 bp of chromo-
some 10. At the same time, the presence of two
STS genes was detected in Pinot noir, and none was
found in Saperavi (Table 3).

By the maximum-likelihood method phyloge-
netic tree of stilbene synthase candidate genes on
chromosome 10 was built. As seen on Fig. 1, there
are two main branches on the tree: one of them (on
the bottom of Fig) is represented just with P2 or
Pinot noir’s STS candidate gene found in the se-
quence region 14.284.187-14.285.672 bp (Table 3).
The second branch (on the top of Fig.) contains all
other STS candidate genes which are more closely
related to each other.

Table 3. Genome regions of stilbene synthase candidate genes in chromosomel(. Numbers represent bp
range of the certain genome region, numbers in brackets indicate the first letter of cultivar and the number of
candidate gene, ND - means “not detected”.

Genome Regions on Chromosome 10

Pinot noir Meskhuri Chkhaveri Saperavi Rkatsiteli
Mtsvane
ND 14.203.661-14.205.226 (R1)

14.221.262- ND

14.222.827

M1)

14,263,951-14,306,350 (P1) ND
14.266.493-14.312.372 (C1) ND
14.284.187-14.285.672 (P2) ND

P2

0.0050

Fig. 1. Molecular phylogenetic analysis of stilbene synthase candidate genes on chromosome 10 by max-
imum-likelihood method. Analyses were conducted in MEGA7 [11]
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STS-predictions of Chromosome 16

Table 4 represents positions of predicted Stil-
bene synthase candidate genes in chromosomel6.
Differences in gene number were observed on chro-
mosome 16 of all Georgian grape cultivars. 14 STS
genes was found in Meskhetian green, 10 in Ch-
khaveri and 9 in Rkatsiteli and 13 in Saperavi. Po-
sition in chromosome also represents the genomic
organization of the STS gene cluster, where several
additional genes, which are not detected in the Pinot
noir reference genome, were identified. Compara-
tive genomics reveals the presence of gene collin-
earity in a wide range of organisms from different
cultivars within a species to genetically distinct ge-
nomes. Populations within a species and closely re-
lated organisms have extensive regions of gene col-
linearity. Comparative analysis of Georgian grape
samples reflects a high level of similarity among
those genes, which are located in similar positions
on the chromosome, and confirmed the fact that all
these genes are orthologous. The difference in gene
number between the analyzed grape cultivars, es-
pecially the detection of additional genes that are
absent in reference DNA, may help to understand
the different volatile profiles in different Georgian
grape cultivars.
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Conclusion

The presented work represents the first large-
scale attempt of STS gene-annotation of Georgian
grape varieties. The results offer the new informa-
tion concerning predicted molecular structures of
mentioned genomic regions via providing their STS
candidate gene sequences. In the future obtained re-
sults can be facilitating for gene-expression studies.
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