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Abstract

Grape (Vitis vinifera) is a genus of tree in the family of Vitaceae. V. vinifera's species belong to Eurasian grapes.
The genome of chloroplast is the most comprehensive genome in plants, and it has many features for evolution
analyses due to the unique molecular structure and single-parent inheritance. The goals of this research were study
and compare of the complete sequences chloroplast genomes of Saperavi and Meskhuri mtsvane from Caucasia
subspecies with common grape (Vitis vinifera), as well as genomes structure analysis, gene content, organization
and repetitive sequences, codon usage and comparison among genomes. The chloroplast genome of Vitis vinifera is
a circular DNA molecule with 160928 base pairs (bp), which is longer than the chloroplast genomes of Saperavi and
Meskhuri mtsvane varieties. The large and small unique regions are separated by two inverted repeat regions a, b. In
three genomes, the complete genome contains 131 genes, which include 79 protein coding genes, 4 rRNA genes and
30 tRNA genes. In other words, there are totally 113 single-copy genes and 18 double-copy genes located in inverted
repeat region (IR) in the three studied genomes. The SSRs of the chloroplast genomes were identified and the results
indicated that the chloroplast genomes of Vitis vinifera and Saperavi both have 74 SSRs and Meskhuri mtsvane has
73 SSRs. The chloroplast SSRs are important and useful for genetic diversity studies. Low GC content is a significant

feature of plastidic genomes, which is possibly formed after endosymbiosis by DNA replication and repair.
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Introduction

The most plastidic genomes contain a pair of inverted repeat
regions (IRa, IRb) with 25000 bp each, which are separated by small
and large single copy regions of 20000 bp and 80000 bp, respectively.
Some plant like of Vicia faba [1] and Cryptomeria japonica break this
structural conservation by losing of an IR [2,3]. Lack of complete
chloroplast genome sequences are still one of the major limitations,
and the complete chloroplast genome sequences is useful to expanding
chloroplast genetic engineering technology of crops [3]. The using
of DNA sequences from all of the shared chloroplast genes provide
many characters for phylogeny reconstruction compared to previous
studies that they have relied on only one or a few genes to address the
same questions [4]. However, the all genomes can limit estimation
misleading of relationships because of taxon sampling [5-7] and
the using of incorrect models of sequence evolution in concatenated
datasets [8,9]. Thus, there is a growing interest in expanding the taxon
sampling of complete chloroplast genome sequences and developing
new evolutionary models for phylogenetic analysis of chloroplast
sequences [10] to overcome these concerns. The completely sequencing
of chloroplast genomes provide a rich source of data that it can be used to
address phylogenetic questions [2-6]. Chloroplasts have a low mutation
rate with a great deal of conservation in their structure, genome size,
gene content and organization. In previous studies it has been reported
that, chloroplast genes like 16S, 23S, ndhB, psbA, psbB, psbC, psbD,
pasA, psaB and rbcL are suitable to study the relationship among higher
plants; ycfl, ycf2, accD, matK, rpoC2 and ndhF are more compatible to
study the relationship of the close species [11]. The complete sequencing
of chloroplast genome of Vitis also provides valuable data for using
chloroplast genetic engineering for this economically important plant
[12]. Transcriptomics have been famed to be a potent tool to improve
the plant genetic architecture and high expression of the foreign protein,
low risk of the pollen pollution [13] and no gene silencing [14]. So it is
necessary to find out the chloroplast genome in order to design our
next generation transcriptomics. All the grapes in the world belong to
the Ampelidaceae family, which is also called Sarmentaceae or Vitaceae

family, that this family has more than fourteen generas and six hundred
species. Among them, the most important genus is vitis, which has two
subgenus with different chromosome numbers. Muscadinae subgenus
is wild and has fourteen chromosomes (2n=2x=40). In the sub-genus
Ovitis, which is the second subgenus of this family, there are species
that they have thirty-eight chromosomes (2n=2x=38). The only specie
that it has been domesticated is Vinifera, which has many varieties
and is common in many parts of the world due to the high quality
and quantity of crop cultivation. This study was managed to study and
comparing the complete sequencing of chloroplast of Vitis vinifera,
analyses of its genome structure, gene content, organization, repeat
sequence and codon usage. At the same time, the comparison of three
sequencing Grape species were performed.

Materials and Methods

Complete chloroplast genome sequence of Vitis vinifera, Saperavi
and Meskhuri mtsvane in FASTA format, with respectively access
number (NC_007957.1), (AB856290.1), (AB856291.1) downloaded
from NCBI (//http:www.ncbi.nlm.nih.gov/nuccore/term). The studied
genomes were annotated with using of DOGMA (Dual Organellar
Genome Annotator) [15], after uploading a FASTA-formation file of
the complete plastid genome to the program's server. BLASTX and
BLASTN searches against a custom database of previously published
plastid genomes identified Vitis putative protein-coding genes and
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tRNAs or rRNAs. For genes with low sequence identity, the manual
annotation were performed, after identifying the position of the start
and stop codons, as well as the translated amino acid sequence with
using of the plastid genetic code. Gene map and gene distribution
of Vitis vinfera, Saperavi and Meskhuri mtsvaneh were performed
by OGDRAW V1.1 (Organellar Genome DRAW, http://ogdraw.
mpimpgolm.mpg.de/) [16]. REPuter (http://bibiserv.techfak.uni-
bielefeld.de/reputer/) [17] was used in order to locate and count the
forward, reverse, complement and palindromic repeats within the
intended genomes. For repeat identification, the following constraints
were set to REPuter: (i) minimum repeat size of 30 bp and (ii) 90% or
greater sequence identity, based on hamming distance of 3 [3]. Numbers
of codons (NCs), the synonymous relative of codon usage (RSCU) and
GC composition of codons were calculated for each gene. The analysis
was carried out by CODONW 1.4 (http://codonw.sourceforge.net/).
Correspondence analysis (COA) has become the method of choice for
multivariate statistical analysis of codon usage [18,19]. Since there are
59 synonymous codons (61 senses codons less the unique methionine
and tryptophan codons).

Results and Discussion

Overall structure

The complete chloroplast genome of Vitis vinifera has 160,928
bp length (Figure 1), which is longer than Saperavi (160,927 bp) and
Meskhuri mtsvane (160,906 bp). Total genome of Vitis vinifera includes
a pair of inverted repeats with 26,358 bp long, separated by a small and
large single copy regions with 19,065 bp and 89,147 bp, respectively.
The length of LSC region in Vitis vinifera is longer than Saperavi and
Meskhuri mtsvane. But the length of SSC and IR regions are same in
Vitis vinifera and Saperavi, which are different from Meskhuri mtsvane.
The coding region of Vitis vinifera’s chloroplast genome is 91,872 bp
in length, accounting for 57.08% of the whole plastidic genome, which
is same with Saperavi, and similar to Meskhuri mtsvane by 57.14%,
genus Alsophila 53.2% [20], Dendrocalamus latiforus 53.4% [21], genus
Megaleranthis 52.4% [11]. The chloroplast genome of Vitis vinifera
codes for proteins (49.94%), tRNA genes (1.73%) and rRNA (5.61%),
similar to coffee [22] and M. esculenta [23]. The non-coding region has
a length with 69,661 bp (43.28% of the genome). The proportions of
intragenic spacers and intron are 31.10% and 12.18% respectively.

Repeat structure

Four types of repeats were detected; forward (direct) match, reverse
match, complements match and palindromic (inverted) match. Forty
nine repeats have a length more than 18 bp that they are shown in
Table 1. The complete chloroplast genome of Vitis vinifera includes

Repeat sequence detected in chloroplast genome of Vitis vinifera
Number Size (bp) Location Match Direction
1 20 IGS C
2 18 IGS F
3 18 IGS F
4 20 IGS F
5 20 IGS F
6 20 1GS,ycf2 F
7 21 Trnfm-CAU, trnP-UGG F
8 21 Trns-GCU, trns-UGA F
9 22 IGS F
10 22 IGS F
11 22 trnG-GCC F
12 24 ACCD F
13 26 IGS,INTRON F
14 30 ycf2 F
15 30 ycf2 F
16 31 IGS F
17 48 ycf2 F
18 48 ycf2 F
19 18 Intron, IGS P
20 18 IGS P
21 18 IGS P
22 18 IGS P
23 19 IGS P
24 20 IGS P
25 20 Trns-UGA, trns-GGA P
26 20 1GS,ycf2 P
27 20 IGS P
28 21 Trns-UGA, trns-GCA P
29 22 IGS P
30 22 IGS P
31 22 IGS P
32 26 Intron, IGS P
33 30 Ycf2 P
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34 30
35 30
36 30
37 31
38 48
39 48
40 54
41 18
42 19
43 19
44 20
45 20
46 20
47 21

48 21

49 29

Ycf2
IGS
IGS, trns-GGA
IGS,CCSA
Ycf2
Ycf2
IGS
IGS, intron
IGS
IGS
IGS
atpB
IGS
Intron
IGS
IGS

A XNV XV XV AWV XAV|XWV XUV XV UV UV UV V| T T T

Table 1: Repeat sequences detected in chloroplast genome of Vitis vinifera. Note: 1GS represents intergenic spacer sequence. F represents forward (direct) match, R
represents reverse match, C represents complement match, P represents palindromic (invert) match.

one complementary repeat, seventeen forward repeats, twenty one
inverted repeats and nine reverse repeats. The majority of the repeats
were located within ycf2 and intergenic spacer regions and few located
at ACCD, trnG, trnP, trn$, and intron sequences. The largest repeat in
Vitis vinifera and Saperavi is fifty four bp, which is located in IGS. But the
largest repeat in Meskhuri mtsvane is seventy five bp, which is located in
IGS and rps19, while the most of repeats in all intended genomes of this
study are 18-30 bp. Furthermore, 74 simple sequence repeats in Vitis
vinifera, Saperavi and also 73 chloroplast SSRs in Meskhuri mtsvane
were obtained. The longest repeat is the repeat of “AT”, which is 18 bp,
but the most of the repeats are A and T in all three genomes of this
study (Table 2).

Gene content

All genes coded by the chloroplast genome of Vitis vinifera,
Saperavi and Meskhuri mtsvane are detected and listed in Table 3. The
results showed that the genome analyzed in this study contains 113
unique genes, 18 of which are duplicated in the IR, for a total of 131
genes (Figure 1). There are four ribosomal and 30 distinct tRNA genes,
seven tRNA genes and all rRNA genes are duplicated within the IR.
The identified genes can be classified according to the gene function,
the functional genetic system gene, the photosynthetic system, the
biosynthesis and some with unknown function. There are five genes
with unknown function in Vitis vinifera’s chloroplast genome (ycf gene)
that they were detected and were highly conserved between species
[24]. Rps12 is the name of two genes, which has an intron [11], this gene
was separated (by an intron) into two parts with including two exons,
locating at LSC (5’- end) and IR (3-end). The second important gene
of chloroplast genome is matK, which has 1.5 kbp lengths, and it was
detected in the intron of trnK-UUU, and also it is the only gene located
in an intron and encodes maturase k [14]. This gene has both conserved
and variable fragments [25] Thus, it is frequently used in phylogenetic
studies [26-29].

Codon usage analysis

The codon usage was analyzed and is in Table 4, ATG and TGG
codes for Methionine and Tryptophan have RSCU value=1 [14].
RSCU of the three terminal codons TAA, TGA and TAG checked out
for three intended chloroplast genomes. According to RSCU values,
Vitis vinifera, Saperavi and Meskhuri mtsvane prefer TAA as their stop
codons. The analysis of the composition for the codons showed that

Repeat Repeat Sequence Number Max (bp)

A 24 16

Mononucleotide C 1 1"

T 31 15

. . AT 5 16
Dinucleotide

TA 4 12

AAT 1 12

ATA 4 15

. . CAG 1 12
Trinucleotide

GAA 1 12

TAT 1 15

TTA 1 12

Table 2: Simple sequence repeat (SSR) in Vitis vinifera.

A+T content at the third position and in all three intended genomes,
the A+T were 71.3%, which is similar to what was reported for
Aalophile [20] and Panax schinseng nees [1]. In NC-plot distribution,
ENC (effective number of codons) and GC3s values were calculated
(Figure 2). The heterogeneity of codon usage was further confirmed
from the GC3s values ranging from 17% to 58% with a mean of 41%
and standard deviation of 10%. If the codon usage bias is completely
dictated by GC3s the values of NC should fall on the expected curve
between GC3s and NC-plot of the Vitis vinifera chloroplast genome
shown in Figure 2. The NC values which lie below the expected curve,
indicating that these genes have additional codon usage bias apart from
compositional bias (Figure 2).

COA analysis

Since there are 59 synonymous codons (61 sense codons less
the unique methionine and tryptophan codons), according to Vitis
vinifera, Saperavi and Meskhuri mtsvane chloroplast gene functions,
54 sequences can be classified six categories, the number of the first
classified gene is 13, which encoding ribosomal protein. The rpl and rps
genes encode large and small subunit ribosomal protein, the number
of the second classified genes is 15, including of psa gene, psb gene, atp
gene, pet gene and rbcL gene, also the third category is a conservative
gene, ycf. The fourth category is translation apparatus genes, including
the rpo gene of the RNA polymerase gene family. The fifth type is the
miscellaneous proteins gene, for example accD, the sixth category is
unknown function and hypothetical protein gene. Figure 2 shows the
diversity among genes in terms of RSCU. In the leftmost of first axis,
genes with the greatest codon bias are located, and those with lowest

J Phylogenetics Evol Biol, an open access journal
ISSN: 2329-9002

Volume 6 * Issue 4 + 1000208



Citation: Talat F, Shahdparvar S, Anarjan MB (2018) Comparative Bioinformatics Analyses of the Chloroplast Genomes of Vitis vinifera with Two
Caucasica Subspecies of Grape Fruit. J Phylogenetics Evol Biol 6: 208. doi: 10.4172/2329-9002.1000208

Page 4 of 7

Group Gene Name
Subunit of Acetyl-CoA-carboxylase AccD
Small subunit of rubisco rbcL
Subunit of NADH-dehydrogenase ndhA’, ndhB’s, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

@ Subunits of ATP synthase atpA, atpB, atpE, atpF’, atpH, atpl
§' Subunits of cytochrome b/f complex petN, petA, petl, petG, petB’, petD”
£ . psbA, psbK, psbl, psbM, psbD, psbC, psaB, psaA, psal, psbJ, psbL,
g Subunits of photosystem | AND |1 psbE. psbE, psad, psbT, psbN, psbH, psaC, psbZ, psbB
a DNA dependent RNA polymerase rpoA, rpoB, rpoC2, rpoC1”

Large subunit of ribosome pl2%, rpl14, rpl16°, rpl20, rpl22, rpl233, rpl32, rpl33, rpl36,

J s y
Small subunit of ribosome ps2, rps3, rps4, rps7s, rps8, rps1li,);;?’s912 , 1ps14, rps15, rps16’, rps18,
Others matK, cemA, clpP”, infA, ccsA
Function unknown ycf3”, ycfd, ycf1S, ycf2s
3 168, rr23S, rm4.58, 58
H Ribosomal RNA genes trnH-GUG, trnK-UUU’, trnQ-UUG, trnS-GCU, trnG-GCC, trnR-UCU,
& trnC-GCA, trnD-GUC, trnY-GUA, trnE-UUC, trnT-GGU, trnS-UGA, trnG-
‘Z’: Transfer RNA genes GCC, trnfM-CAU, trnS-GGA, trnT-UGU, trnL-UAA’, trnF-GAA, trnV-UAC",
4 trnM-CAU, trnW-CCA, trnP-UGG, trnl-CAUS, trnL-CAAS, trnV-GACS, trnl-
GAU*S, trnA-UGC*$, trnR-ACGS, trnN-GUUS, trnL-UAG,

Note: Sreflects gene located in IR; * reflects gene which has one intron; ** reflects gene which has two introns

Table 3: Genes coded by Vitis vinifera chloroplast genome.

Vitis vinifera
chloroplast genome
160,928 bp

Figure 1: Vitis vinifera's chloroplast genome structure and gene organization.
Note: Genes shown outside of the circle transcribed anticlockwise and shown
inside of the circle transcribed clockwise. tRNA genes are shown by one letter
of the coded amino acid followed by anticodon (genome map was created by
using OGDRAW V.1.1. [16].

expansion and contraction based on genome size is considerably
important. The extent of IR often affects the large size of the genome
and also the pseudo genes of IR, LSC or SSC junctions. In this study, the
differences of the junctions between Vitis vinifera, Saperavi, Meskhuri
mtsvane and other 3 species (Solanum lycopersicum, Arabidopsis
thaliana, Spinacia oleracea) were investigated (Figure 4). The rps19
gene was identified in the IRb/LSC binding region in each of the six
genomes compared, indicating that part of the gene was repeated
at the IRA and LSC binding site. Comparisons showed that for this
gene, Saperavi (38 bp) and Spinacia (144 bp) have the shortest and the
longest, respectively. On the border between IRb and SSC, Vitis vinifera,
Saperavi and Meskhuri mtsvane were similar, and the ycfI fragment was
1112, 1111, and 1109 bp on the IRb border, respectively. In Solanum,

AA Codon  Number RSCU AA Codon  Number RSCU
Phe TTT 2170 1.19 TCT 1210 1.42
TTC 1487 0.81 TCC 1020 1.20
TTA 1115 1.24 Ser TCA 931 1.10
TTG 1143 1.27 TCG 618 0.73
Leu CTT 1102 1.22 CCT 638 1.05
CTC 716 0.80 CcccC 600 0.99
cTA | 797 o089 ° | cca 12 127
CTG 527 0.59 CCG 420 0.69
ATT 1845 1.22 ACT 721 1.21
lle ATC 1120 0.74 ACC 614 1.03
ATA 1574 1.04 Thr ACA 682 1.14
Met ATG 965 1 ACG 372 1.62
GTT 798 1.31 GCT 459 1.25
val GTC 443 0.73 Ala GCC 347 0.95
GTA 747 1.23 GCA 441 1.20
GTG 446 0.73 GCG 217 0.59
TAT 1583 1.36 TGT 701 1.19
Tyr Cys
TAC 749 0.64 TGC 480 0.81
TAA 1180 1.21 Ter TGA 945 0.97
Ter TAG 790 0.81 Trp TGG 696 1
His CAT 1051 1.42 CGT 384 0.70
CAC 433 0.58 CGC 255 0.46
CAA 1124 1.41 Arg CGA 574 1.04
Gin CAG 471 0.59 CGG 401 0.73
Asn AAT 1892 1.42 Ser AGT 796 0.94
AAC 772 0.58 AGC 525 0.62
AAA 2076 1.34 AGA 1085 1.97
Lys Arg
AAG 1028 0.66 AGG 600 1.09
Asp GAT 1183 1.44 GGT 604 1.04
GAC 456 0.56 Gly GGC 337 0.58
Glu GAA 1413 1.39 GGA 842 1.45
GAG 624 0.69 GGG 533 0.92

Note: Codons shown in bold represents have RSCU value >1
Table 4: Codon analysis of Vitis vinifera chloroplast genes that code for proteins.
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Vitis vinifera
B0 i [ . Vitis vinifera SUbSP.' Sequence
-—— Vitis . caucasica .
"/ - Intron vinifer subsp. Caucasica Cultivar: Identity
i, = € | Gultivar: Saperavi uttivar: (%)
50.00 —| - - Meskhuri
t
% ,F .-. } s N\ | wesuwa : mitsvane
4000 o 1 | trnK-UUU 2508 2501 2501 98.57
p— I . 2| rps16 900 900 900 99.38
o 2.000E-1 4.000E-1 6.000E-1 8.000E-1 1.0
ohas 3 | tmG-GCC 710 682 681 97.86
Figure 2: Effective number of codons (NC) used in each gene plotted against GC
content at synonymous variable third positions of codons (GC3). The continuous 4 atpF 747 747 747 99.50
curve plots the relationship between NC and GC3s in the absence of selection.
5 rpoC1 763 759 763 99.61
s ycf3-1 743 743 743 99.74
* 6
oo ycf3-2 728 727 727 100
- RS
- i 7 | tmL-UAA 516 518 518 99.49
3 1 07 ;' 8 | tmV-UAC 573 554 554 99.58
-, ¥ b 9 |rps12-3end| 540 540 540 99.88
- . .
axint clpP1 631 633 632 100
Figure 3: Correspondence analysis of the relative synonymous codon usage in 10
54 genes from chloroplast genome of Vitis vinifera. clpP2 810 810 811 99.79
1 petB 688 688 688 99.95
codon bias are found in the rightmost of the axis. Figure 3 shows the
plots of ENC values towards GC3 values, given that none of these points 12| petD 734 734 734 99.63
have been located on the curve, consequently codon selection of them
are not limited to mutation bias of GC3. On the other hand, the codon 131 rpl16 1064 1064 1064 99.49
usage of the points below the curve is dependent from compositional
. 14 rpl2 664 664 664 99.78
constraint.
1 hB 7 7 7 .94
Chloroplast SSRs 5| nd 679 679 679 999
Chloroplast SSRs are useful in analysis of genetic diversity, because 16 | tml-GAU 944 944 944 99.89
of their greater efficiency as opposed to genomic SSRs. In addition
& Y bp .g . . 17 | trmnA-UGC 803 803 803 99.70
and due to the greater level of conservation, the information of the
other species can be used to design specific primers for a species with 18| ndhA 1130 1129 1129 99.95

unknown sequence data.

Intron

In all three intended genomes of this study, 18 genes were found
containing one or two introns that is the same as in Panax schinseng
[1]. The number and location of the intron in chloroplast seems to be
conserved. The comparison of introns (Table 5) between Vitis vinifera,
Saperavi and Meskhuri mtsvane shows that 18 genes have one or two
introns in the chloroplast genome, 6 of which are tRNA coding genes
and the rest are protein-coding genes. The longest intron in all three
genomes of this study is located in trnK-UUU with 2508 bp, which is
the only intron in them with another gene, matK inside. The smallest
intron with 540 bp is placed in rpsi12-3 end, which is situated in IR
region. Ycf3 and clpP, which are located in LSC are divided by two
introns. Intron lengths for rps16, atpF, ycf3-1, rps12-3 end, petB, petD,
rpll16, ndhB, trnl-GAU and trnA-UGC are conserved, while the others
have small variations. Mentioned introns in Table 5 have a high identity,
especially clpPI and ycf3-2, which has 100% sequence identity among
the studied genomes.

Gene loss in chloroplast genome

Table 5: The comparison of introns among Vitis vinifera, Saperavi and Meskhuri
mtsvane.
The chloroplast genome is a protected genome, but research has

shown that a number of genes have been removed or transmitted
during the course of evolution. For example ycf15 is also present in
all three genomes of this study. InfA, the most mobile gene between
chloroplast and nuclear genome, that codes for a translation initial
factor 1 is detected in studied genomes of this study. However, some
others had the infA as a pseudo gene [24], while in some others infA
identified as an intact gene [22]. The results showed that trnP-GGG
was eliminated in all three genomes of this study. According to studies,
also this gene is absent in angiosperms, but it has been identified in
Cryptomeria japonica [2]. Therefore, it seems that this gene may have
been eliminated before the divergence of angiosperms [14]. rpl22,
which encodes for large subunit of ribosomal protein 22, was identified
in all three chloroplast genomes of this study. In addition, this gene has
been deleted in three legumes, Glycine, Lotus and Medicago [3].

Vastness of IR

The IR range between species is usually different, and the IR
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28bp

69bp *
ps19 yefl [ nanF ¥
ril? 5 ﬁ trH 240 bp 35 bp| rpl2 1112bp | 2250 bo 4570bp 1112bp
Mtis S 7—:—
LscesmTep . IRb263Bbp - SSC 19065 bp Ra
ps1g 100 o1 ndh®
rpl2 38 bp|unk 241 bp 38 be| o2 ""D’ 2250 bo 4571 bp ||nn;
Saperavi
LSC 89146 bp IRb 26358 bp 12bp 55C 19065 bp Ra
169 yeft] ndhF yeh

1109 bp | 2250 be 4573bp  1090bp

ros 19, rpals
rpl2 39 £9) tmH 240 bp 290 o
Meskhuri mitsvane

LSC 89126 bp IRb 26355 bp SSC 19070 bp IRa
Bs19 o yett nvuﬂw Yo yent
1pl2 83 59| gy 19169 5“”& Mot rnan 35T hp msm
Solanum
IRa LSC 85882 bp IRb 25608 bp SS5C 18363 bp IRa
res19 | 3bp ps19 Sabp yeri | Gveriap 37 bp yeft
1380 [ oy 166 bp 113 ng.-r"' P 1027 h%F"MF 4331 bp 1027 bp
IRa LSC 84170 bp IRD 26260 bp SSC 17780 bp IRa
pel1g rpatg yett  Bverap 23 tp yetl
14459 i 135bp 14400 o 1445 bp e 4557 bp | 1445 bp
Spinacia |l ] | |
IRa LSC 82710 bp IRD 25073 bp SSC 17860 bp IRa

Figure 4: Comparison among LSC, IR and SSC border regions of three common reference species with studied genomes. (Fourth, fifth and sixth rows are derived from

[14]).

GC content of Vitis vinifera chloroplast genome

Coding Region Non-Coding Region
Protein | tRNA Total IGS Intron | Total Complete LSC ssc IR

Length 80374 2794 9036 91872 50057 19604 69661 160928 89147 19065 26358
Proportion 49.94 1.73 5.61 57.08 31.1 12.18 43.28 100 55.39 11.84 16.37
T% 316 22.92 22.23 30.46 33.85 31.65 33.37 31.74 33.06 34.13 28.6
A% 30.53 24.05 22.35 29.5 33.93 30.72 33.04 30.91 31.77 34.35 28.43
C% 19.58 26.96 27.88 20.54 16.24 19.69 17.11 19.12 18.24 16.65 22.27
G% 18.52 26.33 27.82 19.61 16.28 18.24 16.63 18.37 17.22 15.01 20.79
A+T% 62.17 46.9 44.53 59.97 67.79 62.27 66.32 62.63 64.73 68.32 57.04
C+G% 37.95 53.21 55.64 40.13 32.44 37.8 33.79 37.45 35.46 31.71 43.09

Table 6: GC content of Vitis vinifera.

Arabidopsis and Spinacia, the discovery of the ycfl and ndhf genes at
the IRb / SSC binding site was identified, with the largest overlapping
region in Arabidopsis with 37 bp and the shortest in Solanum (17 bp).
The ycfl is located between SSC and IRb regions, and it was duplicated
in IRb at the border of IRb and SSC. In Spinacia, the ycfI has the longest
repeat (1445 bp). While at Meskhuri mtsvane, the shortest duplication
was detected (1109 bp).

GC content

The GC content of the total chloroplast genome of Vitis vinifera,
Saperavi and Meskhuri mtsvane chloroplasts is similar and equals
37.4%, the same number for other plants such as Solanum lycopersicum
(37.86%), Nicotiana tabacum (37.85% ), Atropa belladona (37.56%) and
Glycine max (34%) have also been reported [14]. The coding and non-
coding regions in each of the three genomes have a low GC content,
which is reported as 40.13% and 33.79% respectively. The differences in
GC content for four regions of all genomes of this study were analyzed
and the Vitis vinifera’s is presented in Table 6, and the results showed
that IR region was the richest in all three genomes of this study. It seems
that the ribosomal genes (rrna 4.5, rrna 5, rrna 16, rrna 23) and the
coding regions responsible for the rich content of GC in IR [11,20,23].
GC content in the IR region in Vitis vinifera was 43.09%, while GC
content in SSC and LSC was 31.71% and 35.46%, respectively. The

distribution of GC content in each region similar with other species
[11]. Studies on Alsophila spinulosa in 2009 have showed that GC
content in the chloroplast genomes are not the same between genes
in different functional groups, rRAN (55.18%) > tRNA (54.55%) >
photosynthetic (43.85%) > genetic system (40.80%) > NADH (39.54%)
[8]. Similar results were reported for Vitis vinifera, Saperavi and
Meskhuri mtsvane. In the coding region of Vitis vinifera, rRNA genes
have the highest GC content (55.64%) and the protein coding genes
have the lowest (37.95%). In non-coding region, GC content of IGS and
introns is 32.44% and 37.80%, respectively. GC content is a significant
property of a genome, which is correlated to the gene expression
regulation, number of microRNA binding sites, gene distribution and
recombination rate and physical location of functional elements.
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