
1. Background
Most plastidic genomes have four regions, name-

ly large single copy region (LSC, 80 Kb), small single

copy region (SSC, 20 kb) and two inverted repeat

regions (IR, 25 kb). The single copy region is separat-

ed by two IRs. This structural conservation however

breaks in some plants sauch as Vicia faba (1) and

Cryptomeria japonica (2, 3) by loss of an IR, and in

Euglena gracilis that has three tandem repeats (4). 

Variations among different species provide large

information for the phylogenetic studies. Chloroplasts

have low mutation rate with great deal of conservation

in their genome size and structure, gene content and

organization. Few differences have been reported in

the same species, but significant differences could be

detected between the different species in genome size

and gene orientation (5). It has been reported that,

chloroplast genes like 16S, 23S, ndhB, psbA, psbD,

psaB, pasA, psbC, psbB and rbcL are appropriate to

study the relationship among higher plants; ycf1, ycf2,

accD, matK, rpoC2 and ndhF are more suitable to

study the relationship of the close species (5). 

Transplastomics have proved to be a powerful

tool to improve the plant genetic architecture with high
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Background: Gossypium thurberi is a wild diploid species that has been used to improve cultivated allotetraploid cotton.

G. thurberi belongs to D genome, which is an important wild bio-source for the cotton breeding and genetic research. To

a certain degree, chloroplast DNA sequence information are a versatile tool for species identification and phylogenetic

implications in plants. Different chloroplast loci have been utilized for evaluating phylogenetic relationships at each clas-

sification level among plant species, including at the interspecies and intraspecies levels. Present study was conducted in

order to analyse the sequence of its chloroplast.

Objectives: Present study was conducted to study and compare the complete chloroplast sequence of G. thurberi, analy-

ses of its genome structure, gene content and organization, repeat sequence and codon usage and comparison with two cul-

tivated allotetraploid sequenced cotton species.

Materials and Methods: The available sequence was assembled by DNAman (Version 8.1.2.378). Gene annotation was

mainly performed by DOGMA. The map of genome structure and gene distribution were carried out using OGDRAW

V1.1. Relative synonymous codon usage (RSCU) of different codons in each gene sample was calculated by codonW in

Mobyle. To determine the repeat sequence and location, an online version of REPuter was used.

Results: The G. thurberi chloroplast (cp) genome is 160264 bp in length with conserved quadripartite structure. Single

copy region of cp genome is separated by the two inverted regions. The large single copy region is 88,737 bp, and the small

single copy region is 20,271 bp whereas the inverted repeat is 25,628 bp each. The plastidic genome has 113 single genes

and 20 duplicated genes. The singletones encode 79 proteins, 4 ribosomal RNA genes and 30 transfer RNA genes.

Conclusions: Amongst all plastidic genes only 18 genes appeared to have 1-2 introns and when compared with cpDNA

of two cultivated allotetraploid, rps18 was the only duplicated gene in G.thurberi. Despite the high level of conservation

in cp genome SSRs ,these are useful in analysis of genetic diversity due to their greater efficiency as opposed to genomic

SSRs. 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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expression of the foreign protein, low risk of the pollen

pollution (6) and no gene silencing. Therefore and In

addition to phylogenetic analysis based on plastidic

genomes, it is imperative to understand the chloroplast

genome in order to logically design our next genera-

tion transplastomics. Accordingly, chloroplast

genomes of many species have been sequenced (7-14).

2. Objectives
Gossypium includes 52 species that are divided to

eight diploid genome A-G and K (2n=26), and one

allotetraploid genome (AADD, 2n=52). G. barbadense
and G. hirsutum are extensively cultivated in the world

and their chloroplast genome sequences have been

published. G. thurberi belongs to D genome, which is

an important wild bio-source for the cotton breeding

and genetic research. Present study was conducted to

study and compare the complete chloroplast sequence

of G. thurberi, analyses of its genome structure, gene

content and organization, repeat sequence and codon

usage. Meanwhile the comparison of the three

sequenced cotton species was performed.

3. Materials and Methods 

3.1. Chloroplast Sequence
Compleate chloroplast genome sequence of

Gossypium thurberi with accession number

NC_015204.1 downloaded from NCBI

(http://www.ncbi.nlm.nih.gov/nuccore/?term=Gossy
pium thurberi).

3.2. Genome Assembly and Gene Annotation
The available sequence was assembled by

Talat F. and Wang K. 
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Figure 1. Gossypium thureri 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 1 letter of the coded amino acid followed by anticodon (genome map was created by using
OGDRAW V 1.1, Lohse, 2007)



DNAman (Version 8.1.2.378). Gene annotation was

mainly performed by DOGMA (Dual Organellar Geno

Me Annotator, http://dogma.ccbb.utexas.edu/;

Wyman, 2004). DOGMA uses BLAST against 11

plant chloroplast database (Adiantum capillus-veneris,

Arabidopsis thaliana, Chlorella vulgaris, Lotus japon-
icus, Marchantia polymorpha, Mesostigma viride,
Nephroselmis olivacea, Nicotiana tabacum,
Oenothera elata, Oryza sativa, Pinus thunbergii,
Psilotum nudum, Spinacia oleracea, Triticum aes-
tivum, Zea mays). Identity cutoff for protein coding

genes was set at 60%. Identity cutoff for RNAs was set

at 80%. The map of genome structure and gene distri-

bution were carried out using OGDRAW V1.1

(OrganellarGenomeDRAW, http://ogdraw.mpimp-

golm.mpg.de/), which takes a Genbank file or a special

accession number (15).

3.3. Chloroplast Genome Analysis
Relative synonymous codon usage (RSCU) of dif-

ferent codons in each gene sample was calculated by

codonW in Mobyle (http://mobyle.pasteur.fr/cgi-

bin/portal.py). To determine the repeat sequence and

location, an online version of REPuter (http://bibiserv.

techfak.uni-bielefeld.de/reputer/) was used (16).

Searching condition was followed as Saski (3). 

4. Results 

4.1. Overall Structure
Chloroplast genome of G. thurberi (Figure 1) has a

conserved quadripartite structure. Total genome is a cir-

cular DNA molecule of 160,264 bp, which is shorter

than G. barbadnese (17) and G. hirsutum (18). The two

single copy regions are separated by the two inverted

repeats. The whole genome was analyzed (Table 1). The

large single copy region is 88,737 bp, the small single

copy is 20,271 bp and the two inverted repeats are 25,
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Number Size(bp) Location Match direction

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

30

32

30

30

30

30

31

31

31

32

33

34

34

34

34

34

34

35

36

38

38

38

38

41

43

47

52

64

64

72

30

31

31

31

34

34

34

34

34

34

34

36

38

38

38

41

43

43

48

52

52

64

64

30

30

30

30

30

31

intron, IGS

IGS

IGS

IGS-trnS,

Itron, IGS

ycf2

IGS

IGS

IGS

IGS

IGS

IGS

IGS

IGS

IGS

ycf2

ycf2

Intron

Intron, IGS

IGS, Intron

ycf2

ycf2

ycf2

Intron

IGC

ycf2

ycf2

ycf2

ycf2

psaB, psaA

trnS

IGS

IGS

IGS

IGS

ycf2

ycf2

IGS

IGS

ycf2

ycf2

Intron, IGS

Intron, IGS

ycf2

ycf2

IGS

IGS

IGS

IGS

ycf2

ycf2

ycf2

ycf2

ycf1

IGS

IGS

IGS

IGS

IGS

C

C

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

R

R

R

R

R

R

Table 1. Repeat sequences detected in chloroplast genome
of G. thurberi

Number Size(bp) Location Match direction

60

61

62

63

64

65

66

32

32

32

33

33

35

38

Intron

IGSS

IGS

IGS

IGS

IGS

IGS

R

R

R

R

R

R

R

Note: IGS represents intergenic spacer sequence. F represents forward
(direct) match, R represents reverse match, C represents complement
match, P represents palindromic (invert) match

Continued in the next column



628 bp each. The coding region is 91,485 bp in length,

accounting for 57.08% of the whole plastidic genome,

which is similar to Gossypium hirsutum by 56.46%

(18), Bambusa oldhamii by 53.4% (13) and

Dendrocalamus latiflorus by 53.4% (13), genus

Megaleranthis 52.4% (5), genus Alsophila 53.2% (8).

where as it is smaller than Glycine max (60%). G.
thurberi plastidic genome codes for proteins (49.76%),

tRNA genes (1.73%) and  rRNA (5.60%), similar to

Manihot esculenta (19), cucumber (20) and coffee (21).

The non-coding region is 70,351 bp in length (43.90% of

the genome). The proportions of intergenic spacers and

intron are 31.15% and 12.75%, respectively. 

4.2. Repeat Sequence
Chloroplast genome structures are similar to

prokaryotes, it has been considered uncommon to have

large scale of repeat sequences in these genomes.

Here, PEPuter was used to detect the repeat sequence

of cp genome of G. thurberi. Four types of repeats

were detected; forward (direct) match, reverse match,

complements match and palindromic (inverted) match.

Sixty six repeats having more than 30 bp in length are

listed in (Table 1). There are 2 complementary repeats,

28 forward repeats, 23 inverted repeats and 13 reverse

repeats. Most of the repeats are located at ycf2 and

intergenic spacers (IGS), and few located at trnS and

introns. The largest repeat is 72 bp, which is located at

psaB and psaA, while the most of the repeats are 30-

Talat F. and Wang K. 
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Repeat Repeat

sequence

Number Max (bp)

mononucleotide

dinucleotide

trinucleotide

total

A

C

T

AT

CT

TA

TC

TG

AAT

ATA

TTA

14

2

32

8

1

5

1

1

1

1

1

67

12

13

13

12

14

12

10

10

12

12

12

14

Table 2. Simple sequence repeat (SSR) in G. thurberi
chloroplast genome 

Group Gene name

protein gene

RNA gene

Subunit of Acetyl-CoA-carboxylase

Large subunit of rubisco

Subunits of NADH-dehydrogenase

Subunits of ATP synthase

Subunits of cytochrome b/f complex

subunits of photosystem I and II

DNA dependendt RNA polymerase

Large subunit of ribosome

Small subunit of ribosome

Others

Function unknown

ribosomal RNA gene

transfer RNA gene

accD

rbcL

ndhA*, ndhB*§, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhI, ndhJ, ndhK

atpA, atpB, atpE, atpF*, atpH, atpI

petA, petB*, petD*, petG, petL, petN ccsA

psaA, psaB, psaC, psaI, psaJ, psbA, psbB, psbC, psbD, psbE, psbF, psbH,
psbI, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ

rpoA, rpoB, rpoC1*, rpoC2

rpl14, rpl16*, rpl2*§, rpl20, rpl22, rpl23§, rpl32, rpl33, rpl36

rps11, rps12*§, rps14, rps15*, rps16*, rps18, rps19§, rps2, rps3, rps4,
rps7§, rps8

cemA, clpP**, matK

ycf1§, ycf15§, ycf2§, ycf3**, ycf4

rrn16§, rrn23§, rrn4.5§, rrn5§

trnA-UGC*§, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU, trnG-
UCC*, trnG-GCC, trnH-GUG, trnI-CAU§, trnI-GAU*§, trnK-UUU*, trnL-

CAA§, trnL-UAA*, trnL-UAG, trnM-CAU, trnN-GUU§, trnP-UGG, trnQ-UUG,
trnR-ACG§, trnR-UCU, trnS-GCU, trnS-GGA, trnS-UGA, trnT-GGU, trnT-

UGU, trnV-GAC§, trnV-UAC*, trnW-CCA, trnY-GUA

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

Table 3. Genes coded by G. thurberi chloroplast genome



40 bp. In addition to the four types of repeats, there are

few simple sequence repeats (SSRs).

Simple sequence repeats were screened in G.
thurberi chloroplast genome and 67 cpSSRs (≥10 bp)

were obtained. Most of the SSRs are mononucleotide

repeats, while 16 dinucleotide repeats and 3 trinu-

cleotide repeats. The longest repeat is the repeat of

“CT”, which is 14 bp, but the most of the repeats are C

and T having 13 bp (Table 2). 

4.3. Gene Content and Codon Usage
Genes coded by the cp of G. thurberi are listed

(Table 3). Among the total 79 protein coded genes,

there are 4 rRNA genes, 30 tRNA genes and 113 sin-

gle genes; out of which 20 genes are duplicated, locat-

ing at IR. According to the gene function, all genes can

be classified as genes of the functional genetic system,

the photosynthetic system, the biosynthesis and some

with unknown function. In G. thurberi cp genome, five

genes with unknown function (ycf gene) were detect-

ed and considered as to be essential in plants, which

were highly conserved between species (22).

Intrestingly, two genes, namely rps12 has an intron

(5). rps12 was separated (by an intron) into two frag-

ments with one exon locating at LSC (5′-end) and the

other at 3′-end at  IR. matK is 1.5 Kbp in length, and

was found in the intron of trnK-UUU, which is the

only gene located in an intron and encodes maturase

K. This gene has both conserved and variable frag-

ments (23). Thus, it is frequently used in phylogenetic

studies (24, 25, 23, 14).

The codon usage was analyzed (Table 4). ATG and

TGG code for methionine as the start codon and tryp-

tophane, respectively with RSCU value=1. RSCU val-

Iran J Biotech. 2015;13(3):e1231        
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AA Codon Number RSCU AA Codon Number RSCU

Phe

Leu

Ile

Met

Val

Tyr

Ter

His

Gln

Asn

Lys

Asp

Glu

TTT

TTC

TTA

TTG

CTT

CTC

CTA

CTG

ATT

ATC

ATA

ATG

GTT

GTC

GTA

GTG

TAT

TAC

TAA

TAG

CAT

CAC

CAA

CAG

AAT

AAC

AAA

AAG

GAT

GAC

GAA

GAG

908

453

824

517

506

153

350

165

1000

384

619

542

459

166

479

192

713

174

47

16

464

162

663

203

859

253

909

294

767

196

926

307

1.33

0.67

1.97

1.23

1.21

0.37

0.83

0.39

1.5

0.58

0.93

1

1.42

0.51

1.48

0.59

1.61

0.39

1.76

0.6

1.48

0.52

1.53

0.47

1.54

0.46

1.51

0.49

1.59

0.41

1.5

0.5

Ser

Pro

Thr

Ala

Cys

Ter

Trp

Arg

Ser

Arg

Gly

TCT

TCC

TCA

TCG

CCT

CCC

CCA

CCG

ACT

ACC

ACA

ACG

GCT

GCC

GCA

GCG

TGT

TGC

TGA

TGG

CGT

CGC

CGA

CGG

AGT

AGC

AGA

AGG

GGT

GGC

GGA

GGG

498

265

355

156

373

191

272

150

479

251

368

129

626

242

359

187

190

60

17

458

307

116

326

106

364

107

390

148

554

195

653

313

1.71

0.91

1.22

0.54

1.51

0.77

1.1

0.61

1.56

0.82

1.2

0.42

1.77

0.68

1.02

0.53

1.52

0.48

0.64

1

1.32

0.5

1.4

0.46

1.25

0.37

1.68

0.64

1.29

0.45

1.52

0.73

Table 4. Codon analysis of G. thurberi chloroplast genes that code for proteins

Note: Codon shown in bold represents RSCU value >1



ues of the three terminal codons TAA, TGA and TAG

are 1.76, 0.64 and 0.6, respectively. Accoding to

RSCU value, G. thurberi prefers TAA as its stop

codon. The RSCU values grater than 1 indicates

greater codon frequency. Most of the codons prefer A

or T at the third position. The analysis of the composi-

tion for the codons showed that A+T content at the

third position was 72.6%, similar to what was reported

for Alophila (8) and Panax schinseng Nees (1).

5. Discussion

5.1. SSR in cpDNA
Despite the high level of conservation in cp

genome SSRs are evident as stated in previous reports

(20) cpSSRs are useful in analysis of genetic diversity

(26) due to their greater efficiency as opposed to

genomic SSRs (26). Furthermore 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 unknown sequence data (27, 28, 14).

5.2. Gene Loss in Chloroplast
During the course of evolution, loss and gain of

genetic material have been noted for cpDNA. For

instance ycf15, a non-functional gene in other plants

(10, 22, 12) is also present in G. thurberi. The other

example is infA, most mobile gene between chloro-

plast and nuclear genome, that codes for a translation

initial factor 1 (29, 30, 31). In our study similar to cas-

sava (19) G. hirsutum (18), the infA was absent.

However, some others had the infA as a pseudogene

(17, 22), while in others infA appeared as an intact

gene (21). Similar to G. hirsutum (18) and G. bar-
badense (17) and angiosperms, trnP-GGG was absent

in G. thurberi. However, trnP-GGG was reported in

Cryptomeria japonica (2). Thus it can be suggested

that the gene has lost before the divergence of

angiosperms. The other gene that worth considering

was rpl22 that codes for the large subunit of ribosomal

protein 22. rpl22 is present in G. thurberi chloroplast

genome similar to G. barbadense (17), but has been

reported to be absent in G. hirsutum (18) and 3

legumes, namely Glycine, Lotus and Medicago (3).

Therefore, its analysis may shed some light on the evo-

lution of Gossypium.

5.3. Extent of IR
The border of the IR is usually different between

species and the IR expansion and contraction are

Talat F. and Wang K. 
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Figure 2. Comparison among LSC, IR and SSC border regions of three common reference species with studied genomes
Note: all units of the sequence in the map is base pair



important as far as genome size is concerned. IR

expansion often leads to larger sizes of genome.

Usually the pseudogenes are residing at the junction of

IR and LSC/ SSC. The differences of the junctions

among G. thurberi and five other species were ana-

lyzed (Figure 2). 

The IRb/LSC junction was found within rps19 in G.
thurberi, Solanum lycopersicum, Arabidopsis thaliana
and Spinacia oleracea, indicating that rps19 was

duplicated at the junction at IRa and LSC. This dupli-

cation is very common in plants (20, 13). G. thurberi
(8 bp) and Spinacia (144 bp) have the shortest and the

longest duplications, respectively. 

On the border of IRb and SSC, G. thurberi is simi-

lar with G. barbadense, having 79 bp of ycf1 fragment

on the IRb border. Solanum, Arabidopsis and Spinacia
have the same type of overlapping of ycf1 and ndhF at

the junction. The longest overlap is in Arabidopsis
with 37 bp and the shortest is in Solanum with 17 bp.

The overlap is also found in Cucumis (20). The ycf1 is

located at the junction of SSC/IRb. So ycf1 was dupli-

cated in IRb at the border of IRb and SSC. In the

Spinacia, ycf1 has the longest duplication with 1445

bp. In G. thurberi and G. barbadense, ycf1 has the

shortest duplication with 79 bp. Gossypium hirsutum is

in opposite direction of SSC as compared to other five

speciesand therefore; ycf1 is located at the junction of

IRb/SSC with 98 bp.

5.4. Intron 
In the G. thurberi, 18 genes were found containing

one or two introns, which is the same as in Panax
schinseng Nees (1). In contrast to G. thurberi, introns

were absent in rpoC1 and clpP in B. Oldhamii and D.
Latiflorus (13). The number and location of the intron

in chloroplast seems to be conserved. The comparison

(Table 5) of introns among G. thurberi, G. hirsutum
and G. barbadense shows that 18 genes have one or

two introns in the cp genome; 6 of which are tRNA

coding genes and the rest are protein-coding genes.

The longest intron is located in trnK-UUU with 2542

bp in G. thurberi, which is the only intron in cotton

with another gene, matK, inside. The smallest intron is

located in rpl12-3end with 536 bp, which is situated in

IR. Genes of ycf3 and clpP are located at LSC and are

divided by two introns. Small variations among the

introns were noted in three cotton species; intron

lengths for ycf3-1, ycf3-2, rps12_3end, ndhB and ndhA

Talat F. and Wang K. 
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Intron G.
thurberi

G. hirsu-
tum

G. bar-
badense

Sequence

identity (%)

trnK-UUU

rps16

trnG-UCC

atpF

rpoC1

ycf3-1

ycf3-2

trnL-UAA

trnV-UAC

rps12_3end

clpP1

clpP2

petB

petD

rpl16

rpl2

ndhB

trnI-GAU

trnA-UGC

ndhA

2534

868

770

790

741

777

789

583

606

536

891

682

760

757

1138

693

683

954

797

1076

2542

871

771

804

753

777

789

575

618

536

891

683

760

757

1140

695

683

954

797

1076

2535

870

763

805

753

777

789

582

609

536

890

679

761

754

1135

688

683

959

795

1076

98.37

99.24

98.29

98.97

99.42

99.61

100

98.80

97.85

99.94

99.52

98.83

99.52

99,87

99.50

99,52

99.95

99.48

99.79

99.78

Table 5. The comparison of introns among three cotton
species; G. thurberi, G. hirsutum and G. barbadense

coding region                      non-coding region

protein trna rrna total IGS intron total Complete

genome

LSC SSC IR

Length (bp)

proportion%

T%

A%

C%

G%

A+T%

C+G%

79740

49.76 

31.05 

29.85 

19.28 

18.42 

60.90 

37.69 

2775

1.73 

23.14 

24.58 

26.13 

26.16 

47.71 

52.29

8970

5.60 

22.32 

22.17 

27.79 

27.71 

44.49 

55.51

91485

57.08 

30.34 

29.31 

20.56 

19.79 

59.65 

40.35

49915

31.15 

34.32 

34.10 

15.99 

15.58 

68.42 

31.58 

20436

12.75 

32.28 

30.97 

19.12 

17.63 

63.25 

36.75

70351

43.90 

33.73 

33.19 

16.90 

16.18 

66.92 

33.08 

160264

100.00 

31.83 

30.95 

18.99 

18.23 

62.78 

37.22

88737

55.37 

33.15 

31.67 

18.11 

17.08 

64.81 

35.19

20271

12.65 

34.46 

33.92 

16.54 

15.09 

68.38 

31.62 

25628

15.99 

28.52 

28.54 

20.66 

22.29 

57.05 

42.95 

Note: matK and gene overlaps are analyzed twice. IGS represents inter gene space

Table 6. GC content of G. thurberi chloroplast genome



are conserved, while the others have small variations.

These intron sequences have a high identity, especial-

ly ycf3-2 with a 100% sequence identity among the

three cotton species. 

5.5. GC Content
The GC content of G. thurberi cp genome is 37.22

%, similar to other plants, such as 37.86% in Solanum
lycopersicum, 37.85% in Nicotiana tabacum, 37.56%

in Atropa belladonna, 37.25% in G. hirsutum and 34%

in Glycine max. Both coding and non-coding regions

are low in GC content (32) with 40.35% and 33.08%,

respectively in G. thurberi. Variation in GC content

among four different regions in G. thurberi cpDNA

was observed (Table 6) and IR was the richest

(42.95%), similar to an earlier report (9). It is supposed

that ribosomal genes (rrna4.5, rrna5, rrna16, rrna23)

and coding regions (19, 8 ,10, 5) are responsible for

high GC content in IR. GC content distribution of the

each region is similar with other species (20, 10, 5).

According to Gao (8) GC content was uneven across

cp genome in Alsophila. In this study, we cut genomes

of the three Gossypium species into 1 kb-unit to com-

pare uint to uint GC content across whole chloroplast

genome. Our result showd that the distribution of GC

is similar across the whole genome (Figure 3). At SSC

region G. barbadense and G. thurberi are similar but

different from G. hirsutum because of different direc-

tion of SSC. Across the whole genomes of the three

cotton species, different fragments and even the adja-

cent fragments share different GC contents. 

Gao (8) reported that GC contents in the chloro-

plast genomes are not the same between genes in dif-

ferent functional groups; rRNA (55.18%)>tRNA

(54.55%)>photosynthetic (43.85%)>genetic system

(40.80%)>NADH (39.54%). In G. thurberi, similar

data was obtained. In the coding region, the rRNA

genes have the highest GC content (55.51%) and the

protein genes have the lowest (37.69%). In the non-

coding region, GC content of IGS and intron is 31.58%

and 36.75%, respectively. The non-coding regions

experienced a fast evolution, thus the non-coding

region is richer in GC than coding regions.

GC content is an important feature of a genome that

is correlated to the number of microRNA binding sites

(33), functional elements physical location (34),

recombination rate and gene distribution (35),

organelle RNA editing (36) and gene expression regu-

lation (37). GC content varies in the 5′UTR and 3′UTR

(34). GC content has a rare relationship with replica-

tion timing in human genome (38). GC content also

have an effect on RNAi, because it is highly correlat-

ed to RNAi target site accessibility and negatively cor-

related with RNAi activity (39). 

Low GC content is a significant feature of plastid

genomes, which is possibly formed after endosymbiosis

by DNA replication and repair (32). In viruses GC con-

tent is not dependent on genes constitution, but it is cor-

related with its location (40). Whether or not this exists in

chloroplast genome needs more efferts on further studies.
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