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Abstract: Bienertia sinuspersici is a single-cell C4 (SCC4) plant species whose photosynthetic mechanisms occur in two 

cytoplasmic compartments containing central and peripheral chloroplasts. The efficiency of the C4 photosynthetic pathway to 

suppress photorespiration and enhance carbon gain has led to a growing interest in its research. A comparative analysis of B. 

sinuspersici chloroplast genome with other genomes of Amaranthaceae was conducted. Results from a 70% cut off sequence 

identity showed that B. sinuspersici is closely related to Beta vulgaris with slight variations in the arrangement of few genes 

such ycf1 and ycf15; and, the absence of psbB in Beta vulgaris. B. sinuspersici has the largest 153, 472 bp while Spinacea 

oleracea has the largest protein-coding sequence 6,754 bp larger than B. sinuspersici. The GC contents of each of the species 

ranges from 36.3 to 36.9% with B. sinuspersici having the same GC percentage as Haloxylon persicum and H. ammodendron 

(36.6%). The IR size also varies yet in all six species, the Ira/LSC border is generally located upstream of the trnH-GUG gene. 

A total of 107 tandem repeats were found in each of the species, most of which are situated in the intergenic space. These 

results provide basic information that may be valuable for future related studies.  

Keywords: Bienertia Sinuspersici, Single-Cell C4, Central and Peripheral Chloroplasts, Comparative Anaylysis,  

Tandem Repeats 

 

1. Introduction 

Chloroplasts are double membrane organelles containing 

their own genomic machineries. These plant plastids encode 

genes not only essential for photosynthetic and genetic 

functions, but also participate in other functional mechanisms 

such as biosynthesis of nucleotides, lipids, fatty acids, and 

starch [1-3], as well as the accumulation of pigments, 

photoreceptors, and hormones [4]. The majority of 

chloroplast genome sequences of higher plants, such as 

angiosperms, are highly conserved [3]. These circular 

genomes are about 120–160 kb in size and are present in 

1,000–10,000 copies per cell [5-6].  

Plants can be classified as either C3 or C4, based on the 

employed carbon fixation mechanisms. In C4 plants, two 

kinds of chloroplasts are found on either mesophyll cells 

(MC) or bundle sheath cells (BSC) of the so called Kranz 

anatomy [7-8]. In these Kranz C4 species, there is a 

separation of primary and secondary carbon fixation 

reactions between the MC and BSC. 

However, there is another type of C4 plant in which the 

carbon-concentrating mechanism does not depend on 

cooperation between MC and BSC. Such is the case of the 

single-cell C4 (SCC4) plant species.  

Bienertia sinuspersici is an SCC4 plant belonging to the 

family Amaranthaceae. Chloroplasts of B. sinuspersici are 

situated in two intracellular cytoplasmic compartments: 

central and peripheral. The former is packed with 

chloroplasts and mitochondria, while the latter was 

previously thought to lack mitochondria [9-11], although 

recent studies have tried to prove otherwise [12-13]. 

Nonetheless, both compartments contain peroxisomes, which 
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are involved in photorespiration. 

Moreover, high rates of photosynthesis and efficient use of 

water and nitrogen resources characterize C4 plants. In such 

plants as B. sinuspersici, C4 photosynthesis is an adaptation 

to suppress photorespiration [7, 14-15] and increase carbon 

gain [16].  

The efficiency of C4 photosynthesis led to the growing 

interest to engineer the C4 photosynthetic pathway into C3 

crops [17-23]. It is envisioned that such a breakthrough 

would benefit the global economy by improving crop 

production and increasing yield to meet the ever-growing 

challenges of a surging population [23-27]. 

Therefore in this study, a comparative genome analysis 

between B. sinuspersici and other species in Amaranthaceae 

was conducted to further understand its genomic status and 

relation to species in the same family and provide basic 

information that may help future studies for chloroplast 

engineering. 

2. Materials and Methods 

2.1. Chloroplast Isolation and DNA Sequencing 

Fresh leaves (~2 cm) of B. sinuspersici were collected. 

Chloroplast DNA was extracted following the protocol of 

WizPrep
TM

 Plant DNA mini kit (Wizbiosolutions, South 

Korea). Total DNA concentration was measured using 

Optizen POP UV/Vis spectrophotometer (Mecasys, South 

Korea) at 260 nm. The genome of B. sinuspersici chloroplast 

was analyzed using a combined approach with 454 GS FLX 

Titanium system (Roche Diagnostics, Brandford, CT) with an 

8-kb paired-end library and the Illumina GAIIx (San Diego, 

CA). The 454 GS FLX sequencing achieved about 3.5-fold 

coverage, while 290.2-fold read coverage was achieved by 

Illumina paired-end sequencing. The reads generated by the 

Illumina GAIIx and the 454 GS FLX Titanium were 

assembled using Celera Assembler 7.0. 

2.2. Genome Assembly and Annotation 

De novo assembly was conducted using Celera Assembler 

7.0 [28]. Gene prediction and annotation were carried out 

using Glimmer3, the RAST annotation server, and the NCBI 

COG database. Geneious version 8.1.6 was used to annotate 

the chloroplast genome. The annotation results were 

manually checked. Codon positions were compared with 

homologue genes from previously known chloroplast DNA, 

with slight adjustments on codon position. The circular DNA 

map was drawn through OGDRAW software [29]. The final 

chloroplast genome of B. sinuspersici was deposited to 

GenBank with accession number: KU726550 [30]. 

2.3. Genome Comparison and Sequence Analysis 

B. sinuspersici genome was obtained from a previous 

study of Kim et al. [30] with a little modification using the 

software Geneious version 8.1.6 (Biomatters, NZ). Genomes 

of other Amaranthaceae species were obtained from 

GenBank with the following accession number: Beta 

vulgaris, KJ081864 [31]; H. persicum, KF534479 and H. 

ammodendron, KF534478 [32]; S. oleracea, NC_002202 

[33]; and, Dianthus longicalyx, KM668208 [3]. 

B. sinuspersici chloroplast genome was compared with 

the mentioned species. Sequence analysis of genes was 

performed using the mVISTA program in Shuffle-

LAGAN mode with 70% cut-off identity. The genome 

sequence of B. sinuspersici was used as the reference, 

while the outgroup was that of D. longicalyx. Tandem 

repeats were also determined using Tandem Repeats 

Finder version 4.09 [34]. 

3. Results and Discussion 

3.1. Chloroplast Genome Features of B. Sinuspersici 

The complete chloroplast genome of B. sinuspersici is 

153,472 bp in length. It is divided into a quadripartite 

structure with a long single-copy (LSC) bp length of 

84,560 (55.10%) and a short single-copy (SSC) bp length 

of 19,016 (12.39%), separated by two IR regions (IRa and 

IRb) with a length of 24,948 bp each (32.51%). The total 

GC content of the chloroplast genome sequence is 36.6%. 

It is highest in the IR regions (42.94%) while in the LSC 

and SSC, the GC content is much lower (34.47% and 

29.42% respectively). 

Figure 1 shows the positions of all the genes identified 

in the chloroplast genome of B. sinuspersici and the 

corresponding functional categorization. The complete 

chloroplast genome encodes for 130 predicted functional 

genes, 113 of which are unique with 80, 29, and 4 unique 

protein-coding, tRNA, and rRNA genes, respectively. 
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Figure 1. Gene map of Bienertia sinuspersici chloroplast genome. Exons are annotated by coloured boxes while introns are annotated by black boxes. Genes 

drawn inside the circle are transcribed clockwise while those outside are transcribed counterclockwise. 

The LSC region contains 83 genes while the SSC region 

contains 30 genes. A total of 17 genes are duplicated in the 

IR regions. This is composed of six protein-coding, seven 

tRNA, and four rRNA genes. The ribosomal RNA genes 

have the most abundant transcripts in plastids, the 

biosynthesis of which is highly regulated during development 

at both the transcriptional and post-transcriptional levels [35]. 

Gene duplication has been asserted [36] to be one of the 

factors to have caused the evolution or synthesis of new 

genes arising from pre-existing ones either through a 

complete or partial duplication of genes [37]. These 

duplicated genes are said to contribute to genomic instability, 

leading to gene rearrangement and thence, speciation [38].  

Moreover, there are a total of 16 intron-containing genes, 

14 containing one intron (nine protein-coding and five tRNA 

genes) and two (clpP, and ycf3) containing two introns. The 

longest intron is found in the ndhA gene, accounting for 

1,105 bp.  

The protein-coding genes are comprised of 24,871 codons. 

A total of 10.6% of all codons (2,645) encodes leucine as the 

most prevalent amino acid, and 1.2% (298) encodes cysteine 

as the least prevalent amino acid. The protein-coding genes 

accounted for 48.62% (74,613 bp) of the whole genome 

sequence, while the tRNA and rRNA genes accounted for 

1.78% (2,733 bp) and 5.89% (9,045 bp), respectively. The 

remaining regions were comprised of non-coding sequences 

(CNS), including introns, intergenic spacers, and a 

hypothetical protein. 
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3.2. Comparison with Other Chloroplast Genomes in the 

Family Amaranthaceae 

B. sinuspersici genome was compared to five other 

species. B. sinuspersici and the other four species belong to 

the family Amaranthaceae, except for D. longicalyx (family 

Caryophyllaceae), which serves as the outgroup. The average 

GC content of all six species is 36.57%. S. oleracea has the 

largest GC content (36.9%), while D. longicalyx has the 

smallest (36.3%). As with B. sinuspersici, the Haloxylon 

species (H. persicum and H. ammodendron) also have 36.6% 

GC content.  

Notable differences observed among these species also 

include genome size, gene losses and intron losses, 

pseudogenization of protein-coding genes, sequence 

divergence and tandem repeats, and IR expansion and 

contraction. 

3.2.1. Genome Size 

B. sinuspersici has the largest genome size of all the 

species compared, followed by Haloxylon persicum. D. 

longicalyx has the smallest genome size, which is 97 bp 

smaller than Beta vulgaris. Table 1 presents a detailed 

summary of the general features between these species. The 

observed variation in genome size is mainly due to the 

variation in the length of the IR regions and the length of the 

protein-coding region. S. oleracea has the largest protein-

coding region among the analyzed species. It is 6,754 bp 

larger than B. sinuspersici. The latter appeared to contain the 

least length of protein-coding genes (74,612 bp). Therefore, 

B. sinuspersici has more prominent conserved noncoding 

sequence (CNS) than the others.  

CNS implications and functional significance in the 

genome has captured interest [39] and it has been observed 

that CNS may be correlated to transcription regulation as 

grass regulatory genes are rich in orthologous CNS in a study 

presented by Guo and Moose [40] and as has been found out 

by Thomas and colleagues [41] that Arabidopsis genes 

encoding for transcription factors are rich in homologous 

CNS. 

3.2.2. Gene Loss 

The gene psbB is absent in Beta vulgaris. It is one of the 

fifteen genes which encodes for subunits of photosystem II 

(PS II) which is a membrane protein complex that catalyzes 

the light-driven oxidation of water [42]. In a study presented 

by Delannoy and colleagues [43], psbB has also been 

claimed to be absent in the underground orchid, Rhizanthella 

gardneri and a pseudogene in a parasitic plant, Epifagus 

virginiana. In B. sinuspersici, ycf15 and the tRNA gene trnG-

GCC which codes for glycine is absent. This is the reason 

why B. sinuspersici only has 29 tRNA genes.  

The retention of some genes within the organelle genome 

and their absence may be attributed to several mechanisms 

working together to affect a particular phenomenon inside the 

cell. There are a few hypotheses presented in previous studies 

to explain gene retention in organelles such as the chloroplast 

and mitochondria. One well-accepted hypothesis is the ‘Co-

location of genes and gene products for Redox Regulation of 

gene expression’ (CoRR). This hypothesis is based on ten 

principles and is concentrated on redox-dependent genes: 

rbcL; rps2, 3, 4, 7, 8, 11, 12, 14, 19; and rpl2, 14, 16, 20, 36) 

[44]. Retention of genomes in organelles was thought to be 

caused by regulatory coupling between electron transfer and 

gene expression [45]. While the CoRR hypothesis concerns 

the significance of redox-dependent genes for genome 

retention, another hypothesis focused on the retention of 

ribosomal assembly genes in the organelle. Maier et al. [46] 

suggested that ribosomal assembly imposes functional 

constraints that are subordinate to redox regulation for 

electron transport chain components, which govern the 

retention of protein-coding genes in the organelles. Finally, 

the hypothesis proposed by Keller et al. [44] refers to the loss 

of the chloroplast target peptide of the nuclear-encoded 

ribosomal protein, or the rps16 gene in their study. 

Table 1. General chloroplast genome features of four Amaranthaceae and an outgroup (D. longicalyx). 

Features B. sinuspersici Beta vulgaris H. persicum H. ammodendron S. oleracea D. longicalyx 

Genome size 153,472 149,637 151,586 151,570 150,725 149,539 

LSC length 84,560 83,057 84,217 82,719 82,719  82,805 

SSC length 19,016 17,701 19,015 19,014 17,860 17,172 

IR length 49,896 48,879 48,354 48,342 50,146 49,606 

Coding size 74,612 76,998 77,130 77,145 81,366 78,588 

Spacer size 62,508 62,242 57,444 57,411 50,814 55,084 

Intron size 16,352 10,397 17,012 17,014 18,545 15,867 

GC content (%) 36.6 36.4 36.6 36.6 36.9 36.3 

Total gene number  130 130 131 131 129 129 

Protein-coding genes 80 79 78 78 78 78 

Duplicated genes 17 17 19 19 17 17 

tRNA genes 29 30 30 30 30 30 

rRNA genes 4 4 4 4 4 4 

Genes with intron 16 17 17 17 17 17 

Pseudogenes 0 1 2 2 2 2 
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3.2.3. Intron loss 

The trnG-GCC has no introns in D. longicalyx, S. 

oleracea, and Beta vulgaris while trnG-UCC has no introns in 

B. sinuspersici, S. oleracea, and D. longicalyx. The trnG-

UCC gene may contain an intron, which would be unique to 

chloroplasts [1, 47]. Hence, the absence of introns in this 

gene in B. sinuspersici and the other two mentioned species 

is interesting. It was also observed that the rpl2 gene has no 

introns in all of the studied species. As claimed by Downie 

and colleagues [48], this gene has lost its introns in all the 

Caryophyllales families to which Amaranthaceae belongs. 

Thus, this is considered a distinguishing feature of core 

members of Caryophyllales [3, 49]. 

There also are no introns in petB and petD genes in Beta 

vulgaris. These genes encode subunits of two functionally 

distinct photosynthetic complexes (PSII and cytochrome 

b6/f) whose accumulation is affected differently by light. 

Proteins of cytochrome b6/f is the one which accumulate in 

the dark [50]. As spliced and unspliced RNAs in petB and 

petD encode alternative petB and petD open reading frames 

in maize [50], the absence of introns in Beta vulgaris petB 

and petD genes may have also shown a quite diverse set of 

sequences in both genes. 

The presence of introns is a possible advantage for the 

regulation of gene expression as introns are deemed essential 

for such regulating mechanism [51-54]. Intron sequences are 

also said to regulate alternative splicing [51, 55-57] and are 

claimed to control mRNA transport or chromatin assembly 

[51, 58-60]. 

3.2.4. Gene Pseudogenization 

As with most angiosperms, the species in this study 

characterize pseudogenization of some genes. These 

pseudogenes are copies of genes that have coding-sequence 

deficiencies, like frameshifts and premature stop codons, but 

resemble functional genes [61]. There are two known 

pseudogenes for most of the Amaranthaceae species in this 

study. The infA and rpl23 genes are pseudogenes in D. 

longicalyx. The infA gene functions as a translation initiation 

factor which assists in the assembly of the translation 

initiation complex [62] and was found to be either a 

pseudogene or missing gene in some species under the order 

Caryophyllales, as well as that of Brassicales, Fabales, 

Cucurbitales, Malvales, and Myrtales [3]. Loss of this gene in 

some higher plants is claimed to be due to its multiple 

independent transfers to the nucleus in the course of time 

[63]. 

Moreover, rpl23 is also a pseudogene in S. oleracea and in 

both H. persicum and H. ammodendron. In a study of Raman 

and Park [3] with 32 angiosperms, it was also reported that 

rpl23 is either a pseudogene or lost gene exclusively in 

members of the Caryophyllales family such as Dianthus, 

Lychnis and Spinacia. Thus, in this study rpl23 is only 

functional in B. sinuspersici and Beta vulgaris. Chloroplast 

ribosomal protein genes, such as rpl23, are a class of genes 

expressed constitutively [64], whose protein products are 

required for plastid metabolism, regardless of developmental 

stage [65]. Lastly, ycf15 is found to be a pseudogene in Beta 

vulgaris, S. oleracea and in both H. persicum and H. 

ammodendron. It is a hypothetical chloroplast protein which 

is not considered a protein-coding gene due to a number of 

premature stop codons [33, 66]. 

3.2.5. Sequence Divergence and Tandem Repeats 

The overall sequence identity to evaluate sequence 

divergence was plotted in a cut-off of 70% identity, using B. 

sinuspersici as the reference (Figure 2). It can be noted that 

the IR regions are more conserved, in comparison to the SC 

region, and the coding region is less divergent than the non-

coding region. However, among the most divergent coding 

regions were matK, rps16, rpoC1, ycf3, clpP, petB, rpl16, 

ycf2, ndhF, ndhD, and ndhA. However, further observation 

showed that B. sinuspersici plastid genome is more similar to 

Beta vulgaris and is most different from the outgroup, D. 

longicalyx. 

Sequential arrangement of genes also showed remarkable 

differences. In the forward (F) direction, psbI is followed by 

trnR-UCU in B. sinuspersici while in Beta vulgaris, H. 

persicum and H. ammodendron, psbI (F) is followed by trnG-

UCC (F). The trnG-UCC gene in B. sinuspersici is also in a 

forward direction and is followed by ycf3 in the same 

direction. Although all other species contain the same order 

and direction with regards to trnG-UCC as B. sinuspersici, 

the reason of an extra trnG-UCC in Beta vulgaris, H. 

persicum and H. ammodendron is due to the fact that in these 

three species, trnG-UCC is transpliced in the LSC. Another 

difference that can be observed is the presence of a 

hypothetical gene in B. sinuspersici situated in between trnR-

ACG and rpl32 in the forward direction. In other species, 

except S. oleracea, a ycf1 gene oriented in the reverse 

direction (R) is present instead of a hypothetical gene. The 

psbB operon (psbB, psbT, psbH, petB, petD) in all of the 

species studied are all in the same orientation and 

arrangement except that a PS I hypothetical protein is present 

in Beta vulgaris in the place of psbB. 

Moreover, tandem repeats among the six species were 

distributed along the intergenic space (71), coding region 

(30), and along regions of introns (60) (Table 2). There are a 

total of 107 tandem repeats. Repeat sequences in the 

intergenic space are high among B. sinuspersici (17), D. 

longicalyx (19), and among the Haloxylon species (12). That 

of the coding region is highest in Beta vulgaris (10). Most 

repeats ranged from 30 to 44 bp (Figure 3a). The longest 

repeat is 177 bp in B. sinuspersici. These repeats are more 

profound in the intergenic space (66%) than in the regions of 

introns (6%) (Figure 3b). 
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Figure 2. Comparison of six Caryophyllales chloroplast genome using mVISTA. A cut-off of 70% identity was used for the plots. The Y-scale represents 

identity between 50-100%. Gray arrows represent gene position and orientation. Genome regions in blue and red represent protein-coding (exons) and non-

coding sequences (CNS). 

Table 2. Tandem repeat distribution among four Amaranthaceae species and 

an outgroup (D. longicalyx). 

 
Intergenic 

Space 

Coding 

Sequence 
Intron 

B. sinuspercisi  17 11 0 

Beta vulgaris 9 10 1 

H. persicum 12 1 2 

H. ammodendron 12 1 2 

S. olerace  2 4 1 

D. longicalyx 19 3 1 

Total 71 30 6 

Four genes occur in the coding regions where tandem 

repeats are found: rps19 (B. sinuspersici); ycf2 (B. 

sinuspersici, Beta vulgaris, S. oleracea, and D. longicalyx); 

ycf1 (Beta vulgaris, S. oleracea, and D. longicalyx); and 

ndhF (H. persicum and H. ammodendron). On the other 

hand, two intron-containing genes occur where tandem 

repeats are found: rpl16 (Beta vulgaris, H. persicum, H. 

ammodendron, and D. longicalyx); and clpP (H. persicum 

and H. ammodendron). 

 
(A) 



140 Lorrenne Caburatan et al.: Comparative Chloroplast Genome Analysis of Single-Cell C4 Bienertia  

Sinuspersici with Other Amaranthaceae Genomes 

 
(B) 

Figure 3. Tandem repeat analysis in sequences of Caryophyllales species. (A) Frequency of tandem repeat sequences by length. The length of repeats is 

subdivided into 30 base pairs. (B) Location distribution of all tandem repeats in percent. 

3.2.6. IR Expansion and Contraction  

The expansion and contraction of the IR regions, as well as those of the single-copy boundary regions, primarily contribute 

to size variation of the chloroplast genome [6, 32]. The SC and IR boundaries of the six studied chloroplast genome are 

presented in Figure 4. 

 
Figure 4. Comparison of the junctions between the IR and single copy regions among five Caryophyllales chloroplast genomes. Annotated genes are 

represented by blue boxes. The symbol for Greek letter psi (Ψ) refers to the presence of a pseudogene. 

IR regions are said to have played a significant role in 

conserving genomic stability, as extensive sequence 

rearrangements are observed in genomes that have lost their 

inverted repeats [67-68]. In this study, S. oleracea has the 
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largest IR length, 250 bp larger than B. sinuspersici. D. 

longicalyx is also noted for its IR size, 1,264 bp larger than 

the smallest IR size of H. ammodendron, despite having the 

smallest genome size. This expansion of the IR regions in 

both S. oleracea and D. longicalyx is mainly due to 

differences in the individual sizes of the genes that are 

duplicated in the IR regions. Most of these Caryophyllales 

species contain only 17 genes duplicated in the IRs, except 

for the Haloxylon species (19), which manifest duplications 

of ycf15 and rps19 genes. Thus, the differences in the size of 

the IR regions can only be attributed to the differences in the 

length of nucleotide sequences in each of the individual 

genes, as the number of genes is nearly identical. 

It can also be observed that, in all six species, the IRa/LSC 

border is generally located upstream of the trnH-GUG gene. 

This gene is the only tRNA gene that codes for the amino 

acid histidine. The distance of the trnH-GUG gene from the 

LSC border is 22 bp in B. sinuspersici, 2 bp for Beta 

vulgaris, and 3 bp for the remaining species except for S. 

oleracea, which characterizes no separation. The IRa region 

expanded by 1,157 bp in B. sinuspersici as it entered the 5’ 

end of the ycf1 gene and it greatly expanded in D. longicalyx 

by 1,857 bp, while in Beta vulgaris and S. oleracea it 

expanded by 1,455 and 1,445 bp, respectively. That of the 

Haloxylon species were both shortly expanded by 763 bp. 

Furthermore, at the IRb/SSC junction, the ycf1 gene 

extended by 10 bp in B. sinuspersici, 24 bp in Beta vulgaris, 

and 39 bp in D. longicalyx. The ycf1 gene is not duplicated 

in the IRb region of S. oleracea or in either the Haloxylon 

species. Instead, the trnN gene, which codes for asparagine, 

is 72 bp in length inside the IRb boundary of these three 

species. The ndhF gene of B. sinuspersici is the only gene at 

SSC that does not extend in reverse direction to the IRb 

region. It lies 367 bp away from the IRb border, while other 

species extended by 23 bp to 344 bp. 

The rps19 gene, which lies on the border of the IRb/LSC 

junction in all five species, is 279 bp in length, except for B. 

sinuspersici, with a shorter span of 228 bp. This gene in 

reverse direction extends to the LSC border by 80 bp in B. 

sinuspersici, 133 and 135 bp in D. longicalyx and S. oleracea, 

respectively. That of Beta vulgaris (123 bp) extends 1 bp 

shorter than the Haloxylon (124 bp) species. 

Moreover, the intron-containing rps12 gene in all of the 

species under study is a divided gene transpliced with the 5’ 

end located in the LSC region and the duplicated 3’ end in 

the IR regions. It lies closely to the rps7 gene in B. 

sinuspersici, Beta vulgaris, H. persicum, and H. 

ammodendron. On the other hand, it is 25,455 and 26,460 bp 

length away from rps7 in D. longicalyx and S. oleracea, 

respectively. The rps12 gene is thought to have a vital 

function in initiating translation, in Chlamydomonas 

reinhardtii [69] and is capable of controlling translation 

fidelity of E. coli ribosomes. 

4. Conclusion 

A comparative analysis of B. sinuspersici chloroplast 

genome was conducted along with four other species in the 

family Amaranthaceae and an outgroup from 

Caryophyllaceae (D. longicalyx). Differences among the 

chloroplast genomes of the studied species include genome 

size, gene losses and intron losses, pseudogenization of 

protein-coding genes, sequence divergence and tandem 

repeats, and IR expansion and contraction. Results further 

showed that B. sinuspersici is closely related to Beta vulgaris 

with slight differences in the arrangement of genes. Tandem 

repeats among the studied species were also variable and 

were mostly found in the intergenic space. Data obtained 

from this study may prove helpful for any further genomic 

studies. 
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