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Abstract

The complete chloroplast sequence of the desert poplar (Populus euphratica), a plant
well-adapted to salt stress, was determined in this study. The genome consists of 156,766 bp
containing a pair of inverted repeats (IRs) of 16,591 bp separated by a large single-copy region
and a small single-copy region of 84,888 bp and 27,646 bp, respectively. The chloroplast
genome contains 130 known genes, including 89 protein-coding genes, 8 ribosomal RNA
genes, and 37 tRNA genes; 18 of these are located in the inverted repeat region.
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Chloroplasts (plastids), originated from free-living cyanobacteria
in eukaryotic cells via endosymbiosis, contain their own genome
DNA (cpDNA), which is circular and about 150 kb in length
(Rodrı́guez-Ezpeleta et al., 2005; Sato et al., 1999). They are the
photosynthetic organelles of plants with great phylogenetic values
due to relatively conserved structure and comparatively high
substitution rate (Ravi et al., 2008). Up to date, there has been
more than 500 eukaryote plastid genomes deposited in the NCBI
database (http://www.ncbi.nlm.nih.gov). With the development
of high-throughput genome sequencing technology, it becomes
much more convenient to acquire the complete cp genome
sequences now than ever. They can be obtained by a modified
high salt chloroplast isolation method owing to the smaller size
compared with the nucleic genome (Shi et al., 2012), or even
directly filtered and assembled from total DNA sequence reads
(Nock et al., 2011).

Populus euphratica, ranging from western China to northern
Africa, is native to desert regions and can be grown under
extremely hot and dry climates (Brosche et al., 2005; Gries
et al., 2003; Wang et al., 2008). They are distinguished from
other congeners by extraordinary adaptabilities to salt-stress
(Brinker et al., 2010; Ottow et al., 2005) and thus play a crucial
role in maintaining local arid ecosystems (Ma et al., 1997).
Notably, it maintains greater growth as well as
photosynthetic rates on high salinity earth than other poplar
species (Janz et al., 2012; Wang et al., 2008) and can survive
concentrations of NaCl in nutrient solution up to 450 mM
(Gu et al., 2004).

Until now two chloroplast genomes have been reported in
this genus, P. trichocarpa (NC_009143; Tuskan et al., 2006)

and P. alba (NC_008235; Okumura et al., 2006). In this study,
we reported and analyzed the complete cp genome of the desert
poplar (P. euphratica). We obtained the whole genome sequence
reads of P. euphratica (Ma et al., 2013) and then filtered
and assembled the complete cp genome using SOAPdenovo
software (Li et al., 2009). The annotation of the assembled
genome was performed with Dual Organellar GenoMe
Annotator (DOGMA) (http://dogma.ccbb.utexas.edu/). Default
parameters were employed to predict protein-coding genes,
transfer RNA (tRNA) genes, and ribosome RNA (rRNA) genes
(Wyman et al., 2004). BLASTX and BLASTN searches against
a custom database of previously published cp genomes
identified locations of these putative genes. For genes with
low sequence identities, manual annotation was performed to
determine the position of start and stop codons depending on
the translated amino acid sequence by using the chloroplast/
bacterial genetic codes. Plastome map of the species was drawn
by OGDraw v 1.2 (Lohse et al., 2007; Figure 1). The complete
cp genome sequence together with gene annotations were
submitted to the GenBank with the accession number of
KJ624919.

The estimated size of the P. euphratica plastome is 156,766 bp.
The quadripartite structure includes 84,888 bp of LSC and
27,646 bp of SSC separated by a pair of IR copies with the
length of 16,591 bp (Figure 1). The GC content is 36.7%, and this
AT-rich feature is similar to other plant plastomes (Li et al., 2014;
Sato et al., 1999). Coding sequences constitute 57.8% of the
P. euphratica plastome DNA. There are 113 unique genes, 20 of
which are duplicated in IR regions. A total of 79 protein-coding
genes (6 duplicated) encode photosynthesis-related proteins,
genetic system related proteins, proteins with unique functions
and proteins with unknown functions (ycf). In addition, 30 unique
genes (7 duplicated) and 4 uniquely duplicated genes encode for
tRNAs and rRNAs, respectively. It is our hope that this newly
characterized P. euphratica chloroplast genome will provide
useful resources for better understanding the physiology and
evolution of the genus Populus.

Correspondence: Li-zhi Gao, Plant Germplasm and Genomics Center,
Germplasm Bank of Wild Species in Southwest China, Kunming Institute
of Botany, Chinese Academy of Sciences, Kunming 650204, China.
Tel/Fax: +86 8715223277. E-mail: Lgao@mail.kib.ac.cn.
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Löffelhardt W, Bohnert HJ, et al. (2005). Monophyly of primary
photosynthetic eukaryotes: Green plants, red algae, and glaucophytes.
Curr Biol 15:1325–30.

Sato S, Nakamura Y, Kaneko T, Asamizu E, Tabata S. (1999). Complete
structure of the chloroplast genome of Arabidopsis thaliana. DNA Res
6:283–90.

Shi C, Hu N, Huang H, Gao J, Zhao YJ, Gao LZ. (2012). An improved
chloroplast DNA extraction procedure for whole plastid genome
sequencing. PLoS One 7:e31468.

Tuskan GA, Difazio S, Jansson S, Bohlmann J, Grigoriev I, Hellsten U,
Putnam N, et al. (2006). The genome of black cottonwood, Populus
trichocarpa (Torr. & Gray). Science 313:1596–604.

Wang RG, Chen S, Zhou X, Shen X, Deng L, Zhu H, Shao J, et al. (2008).
Ionic homeostasis and reactive oxygen species control in leaves and
xylem sap of two poplars subjected to NaCl stress. Tree Physiol 28:
947–57.

Wyman SK, Jansen RK, Boore JL. (2004). Automatic annotation of
organellar genomes with DOGMA. Bioinformatics 20:3252–5.

DOI: 10.3109/19401736.2014.913159 Mitogenome of Populus euphratica 3

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
K

un
m

in
g 

In
st

itu
te

 o
f 

B
ot

an
y,

C
A

S 
on

 0
5/

09
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

https://www.researchgate.net/publication/8525851_Automatic_annotation_of_organelle_genomes_with_DOGMA?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/8525851_Automatic_annotation_of_organelle_genomes_with_DOGMA?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7469801_Populus_euphratica_Displays_Apoplastic_Sodium_Accumulation_Osmotic_Adjustment_by_Decreases_in_Calcium_and_Soluble_Carbohydrates_and_Develops_Leaf_Succulence_under_Salt_Stress?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7469801_Populus_euphratica_Displays_Apoplastic_Sodium_Accumulation_Osmotic_Adjustment_by_Decreases_in_Calcium_and_Soluble_Carbohydrates_and_Develops_Leaf_Succulence_under_Salt_Stress?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7469801_Populus_euphratica_Displays_Apoplastic_Sodium_Accumulation_Osmotic_Adjustment_by_Decreases_in_Calcium_and_Soluble_Carbohydrates_and_Develops_Leaf_Succulence_under_Salt_Stress?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7469801_Populus_euphratica_Displays_Apoplastic_Sodium_Accumulation_Osmotic_Adjustment_by_Decreases_in_Calcium_and_Soluble_Carbohydrates_and_Develops_Leaf_Succulence_under_Salt_Stress?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7469801_Populus_euphratica_Displays_Apoplastic_Sodium_Accumulation_Osmotic_Adjustment_by_Decreases_in_Calcium_and_Soluble_Carbohydrates_and_Develops_Leaf_Succulence_under_Salt_Stress?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/6837989_Okumura_S_et_al_Transformation_of_poplar_Poplus_alba_plastids_and_expression_of_foreign_proteins_in_tree_chloroplasts_Transgenic_Res_15_637-646?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/6837989_Okumura_S_et_al_Transformation_of_poplar_Poplus_alba_plastids_and_expression_of_foreign_proteins_in_tree_chloroplasts_Transgenic_Res_15_637-646?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/6837989_Okumura_S_et_al_Transformation_of_poplar_Poplus_alba_plastids_and_expression_of_foreign_proteins_in_tree_chloroplasts_Transgenic_Res_15_637-646?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/6837989_Okumura_S_et_al_Transformation_of_poplar_Poplus_alba_plastids_and_expression_of_foreign_proteins_in_tree_chloroplasts_Transgenic_Res_15_637-646?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/5889165_OrganellarGenomeDRAW_OGDRAW_A_tool_for_the_easy_generation_of_high-quality_custom_graphical_maps_of_plastid_and_mitochondrial_genomes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/5889165_OrganellarGenomeDRAW_OGDRAW_A_tool_for_the_easy_generation_of_high-quality_custom_graphical_maps_of_plastid_and_mitochondrial_genomes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/5889165_OrganellarGenomeDRAW_OGDRAW_A_tool_for_the_easy_generation_of_high-quality_custom_graphical_maps_of_plastid_and_mitochondrial_genomes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/5889165_OrganellarGenomeDRAW_OGDRAW_A_tool_for_the_easy_generation_of_high-quality_custom_graphical_maps_of_plastid_and_mitochondrial_genomes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/26268154_SOAP2_An_improved_ultrafast_tool_for_short_read_alignment?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/26268154_SOAP2_An_improved_ultrafast_tool_for_short_read_alignment?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/26268154_SOAP2_An_improved_ultrafast_tool_for_short_read_alignment?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/46008493_Chloroplast_genome_sequences_from_total_DNA_for_plant_identification_Plant_Biotechnol_J_9328-333?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/46008493_Chloroplast_genome_sequences_from_total_DNA_for_plant_identification_Plant_Biotechnol_J_9328-333?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/46008493_Chloroplast_genome_sequences_from_total_DNA_for_plant_identification_Plant_Biotechnol_J_9328-333?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/248427157_Photosynthetic_response_of_Populus_euphratica_to_salt_stress_Forest_Ecol_Manag?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/248427157_Photosynthetic_response_of_Populus_euphratica_to_salt_stress_Forest_Ecol_Manag?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/221882627_An_Improved_Chloroplast_DNA_Extraction_Procedure_for_Whole_Plastid_Genome_Sequencing?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/221882627_An_Improved_Chloroplast_DNA_Extraction_Procedure_for_Whole_Plastid_Genome_Sequencing?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/221882627_An_Improved_Chloroplast_DNA_Extraction_Procedure_for_Whole_Plastid_Genome_Sequencing?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/237531627_Supporting_Online_Material_for_The_Genome_of_Black_Cottonwood_Populus_trichocarpa_Torr_Gray?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/237531627_Supporting_Online_Material_for_The_Genome_of_Black_Cottonwood_Populus_trichocarpa_Torr_Gray?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/237531627_Supporting_Online_Material_for_The_Genome_of_Black_Cottonwood_Populus_trichocarpa_Torr_Gray?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7694927_Monophyly_of_Primary_Photosynthetic_Eukaryotes_Green_Plants_Red_Algae_and_Glaucophytes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7694927_Monophyly_of_Primary_Photosynthetic_Eukaryotes_Green_Plants_Red_Algae_and_Glaucophytes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7694927_Monophyly_of_Primary_Photosynthetic_Eukaryotes_Green_Plants_Red_Algae_and_Glaucophytes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/7694927_Monophyly_of_Primary_Photosynthetic_Eukaryotes_Green_Plants_Red_Algae_and_Glaucophytes?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/226182666_An_update_on_chloroplast_genome?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/226182666_An_update_on_chloroplast_genome?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/12727696_Complete_structure_of_the_chloroplast_genome_of_Arabidopsis_thaliana?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/12727696_Complete_structure_of_the_chloroplast_genome_of_Arabidopsis_thaliana?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/12727696_Complete_structure_of_the_chloroplast_genome_of_Arabidopsis_thaliana?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/260397727_The_complete_chloroplast_genome_sequence_of_sugar_beet_Beta_vulgaris_ssp_vulgaris?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/260397727_The_complete_chloroplast_genome_sequence_of_sugar_beet_Beta_vulgaris_ssp_vulgaris?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==
https://www.researchgate.net/publication/260397727_The_complete_chloroplast_genome_sequence_of_sugar_beet_Beta_vulgaris_ssp_vulgaris?el=1_x_8&enrichId=rgreq-6c2f1adb-0916-4fe8-8e68-78e2512cf839&enrichSource=Y292ZXJQYWdlOzI2MjE5MDM2NTtBUzoxODk2NTI0NzI0NDI4ODBAMTQyMjIyODA4MTEyNw==

