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The complete chloroplast genome of Theobroma grandiflorum, an important

tropical crop
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ABSTRACT

Theobroma grandiflorum (Willd. ex Spreng.) K. Schum., an economically important tree in the family
Malvaceae, is native to the Amazonian region of South America and it is widely cultivated as a tropical
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crop. Herein, we report the complete chloroplast genome of T. grandiflorum. The size of the complete

chloroplast genome of T. grandiflorum is 160,606 bp with 36.88% GC content, which includes a pair of
inverted repeat regions (IRs) of 25,496 bp separated by a large single-copy region (LSC) of 89,429 bp
and a small single copy (SSC) region of 20,185 bp. A total of 126 genes were annotated, of which 82
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were protein-coding genes, 36 were transfer RNA (tRNA) genes, and 8 were ribosomal RNA (rRNA)
genes. A maximum-likelihood (ML) analysis supported a close relationship between T. grandiflorum and
T. cacao. This study will provide useful information for further phylogenetic and evolutionary analysis

of Malvaceae.

Theobroma grandiflorum (Willd. ex Spreng.) K. Schum., an
economically important tree in Malvaceae, is native to the
Amazonian region of South America (Fischer et al. 1995).
The genus Theobroma is divided into six sections,
Andropetalum,  Glossopetalum, Oreanthes, Rhytidocarpus,
Telmatocarpus, and Theobroma, and includes 22 species that
are distributed in the rain forests of South America and
Mexico (Silva et al. 2004), but only two species (T. cacao L.
and T. grandiflorum) were widely cultivated as tropical crops
(Santos et al. 2012).

The fruit of T. grandiflorum is used as feedstock for multi-
product biorefinery, resulting in pasteurized pulp, antioxidant
extract, biofertilizer, biogas, seed oil, essential oil, ethanol,
and polyhydroxybutyrate (Cerén et al. 2015). The pulp of T.
grandiflorum fruit is consumed in juices, ice creams, or bakery
fillings (Fischer et al. 1995). The seeds contain high amounts
of fat and may be used in food products and in a variety of
cosmetics (Pugliese et al. 2013).

Although T. grandiflorum is an important tropical crop,
reports on its genetics and genomics are limited (Kuhn et al.
2010), and its complete chloroplast genome has not yet
been reported. Chloroplast DNA contains a wealth of genetic
information, and its sequences can provide useful molecular
markers for genetic studies (Argout et al. 2011; Liu et al.
2018). In this study, the complete chloroplast genome of T.
grandiflorum, with material obtained from Xishuangbanna
Tropical Flowers and Plants Garden as rooted plants (the geo-
spatial coordinates are N 22.00958325 and E 100.78632821),
was first reported and characterized. T. grandiflorum.
Genomic DNA was isolated from healthy young leaves using

a Dneasy Plant Mini Kit (Qiagen) and stored in the ultra-low
temperature specimen library of YITC (specimen accession
number: YITC-2019-FZ-T-001). The GS Titanium Library
Preparation Kit and the GS Junior Titanium Sequencing Kit
(Roche 454 Life Sciences, Branford, Connecticut, USA) were
used to generate a shotgun library of genomic DNA and
sequencing on the Roche/454 system (Roche 454 Life
Sciences). Sequencing data were assembled using the CLC
Genomic Workbench v3.6 (http://www.clcbio.com) and the
chloroplast genome was annotated using DOGMA (Wyman
et al. 2004) with manual correction. The complete chloroplast
genome sequence and gene annotations of T. grandiflorum
were submitted to GenBank under accession num-
ber MN562270.

The size of complete chloroplast genome of T. grandiflo-
rum is 160,606 bp, which includes a pair of inverted repeat
regions (IRs) of 25,496 bp separated by a large single-copy
region (LSC) of 89,429bp and a small single copy (SSC)
region of 20,185 bp. The composition of the four bases in the
circular chloroplast genome is 31.04% A, 32.08% T, 18.07% G,
and 18.81% C, and the GC content of the entire T. grandiflo-
rum chloroplast genome is 36.88%. A total of 126 genes
were annotated in the T. grandiflorum chloroplast genome, of
which 82 were protein-coding genes, 36 were transfer RNA
(tRNA) genes, and 8 were ribosomal RNA (rRNA) genes. The
functions of the protein-coding genes in the T. grandiflorum
chloroplast genome include photosystem |, photosystem I,
cytochrome b/f complex, ATP synthase, NADH dehydrogen-
ase, RubisCO large subunit, RNA polymerase, ribosomal pro-
teins, and other genes.
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Figure 1. Maximum-likelihood phylogenetic tree of T. grandiflorum with 21 spe-
cies in the family of Malvaceae and Dipterocarpaceae, order Malvales based on
complete chloroplast genome sequences. Numbers in the nodes are bootstrap
values from 1000 replicates. Bootstrap values are shown above the nodes. The
chloroplast genome accession number for tree construction is listed as follows:
Gossypium areysianum (NC_018112), Gossypium armourianum (NC_033400),
Gossypium  davidsonii  (NC_033395), Gossypium herbaceum (NC_023215),
Gossypium raimondii (NC_016668), Gossypium stocksii (NC_023217), Gossypium
turneri (NC_026835), Talipariti hamabo (NC_030195), Gossypium nelsonii
(NC_033399), Abelmoschus esculentus (NC_035234), Hibiscus rosa-sinensis
(NC_042239), Hibiscus syriacus (NC_026909), Bombax ceiba (NC_037494),
Firmiana major (NC_037242), Firmiana simplex (NC_041438), Firmiana pulcher-
rima (NC_036395), Heritiera littoralis (NC_043923), Durio zibethinus (NC_036829),
Reevesia thyrsoidea (NC_041441), Theobroma cacao (NC_014676), Theobroma
grandiflorum (MN562270), Vatica mangachapoi (NC_041485).

Phylogenetic analysis based on complete chloroplast
sequences was performed using 21 Malvaceae species and

Vatica mangachapoi (Dipterocarpaceae) as the outgroup
(Figure 1). The sequences were aligned using MAFFT (Katoh
and Standley 2013), and the maximum-likelihood (ML) ana-
lysis was performed using MEGA7 (Kumar et al. 2016) with
1000 bootstrap replicates. The results supported a close rela-
tionship between T. grandiflorum and T. cacao, which has a
larger chloroplast genome than T. grandiflorum but contains
fewer genes. This study provides useful information for fur-
ther phylogenetic and evolutionary analyses of Malvaceae.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by The Technology Innovation Talents Project
of Yunnan Province [Grant No. 2018HB086] and The Sci-Tech Innovation
System Construction for Tropical Crops Grant of Yunnan Province [Grant
No. RF2019/RF2020].

References

Argout X, Salse J, Aury J-M, Guiltinan MJ, Droc G, Gouzy J, Allegre M,
Chaparro C, Legavre T, Maximova SN, et al. 2011. The genome of
Theobroma cacao. Nat Genet. 43(2):101-108.

Cerdn IX, Higuita JC, Cardona CA. 2015. Analysis of a biorefinery based
on Theobroma grandiflorum (copoazu) fruit. Biomass Conv Bioref. 5(2):
183-194.

Fischer N, Hammerschmidt FJ, Brunke EJ. 1995. Analytical investigation of
the flavor of cupuacu (Theobroma gradiflorum Spreng.). In: Rouseff
RL, Leahy MM, editors. Fruit flavors. ACS Symposium Series. Vol. 596.
Washington (DC): American Chemical Society; p. 8-20.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment soft-
ware version 7: improvements in performance and usability. Mol Biol
Evol. 30:772-780.

Kuhn DN, Figueira A, Lopes U, et al. 2010. Evaluating Theobroma grandi-
florum for comparative genomic studies with Theobroma cacao. Tree
Genet Genomes. 6(5):783-792.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolutionary gen-
etics analysis version 7.0 for bigger datasets. Mol Biol Evol. 33(7):1870.

Liu J, Niu Y-F, Ni S-B, He X-Y, Zheng C, Liu Z-Y, Cai H-H, Shi C. 2018. The
whole chloroplast genome sequence of Macadamia tetraphylla
(Proteaceae). Mitochondrial DNA B Resour. 3(2):1276-1277.

Pugliese AG, Tomas-Barberan FA, Truchado P, Genovese MI. 2013.
Flavonoids, proanthocyanidins, vitamin C, and antioxidant activity of
Theobroma grandiflorum (Cupuassu) pulp and seeds. J Agric Food
Chem. 61(11):2720-2728.

Santos RC, José LP, Correa RX. 2012. Morphological characterization of
leaf, flower, fruit and seed traits among Brazilian Theobroma
L. species. Genet Resour Crop Evol. 59(3):327-345.

Silva CRS, Venturieri GA, Figueira A. 2004. Description of Amazonian
Theobroma L. collections, species identification, and characterization
of interspecific hybrids. Acta Bot Bras. 18(2):333-341.

Wyman SK, Jansen RK, Boore JL. 2004. Automatic annotation of organel-
lar genomes with DOGMA. Bioinformatics. 20(17):3252-3255.



	Abstract
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


