
MITOGENOME ANNOUNCEMENT

The complete plastome sequences of Mangifera indica L. (Anacardiaceae)
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ABSTRACT
In this study, we determined the complete plastome sequence of Mangifera indica L. (Anacardiaceae)
(NCBI acc. no. KX871231). The complete plastome is 157,780 bp in length, and consists of a large single
copy of 86,673bp and a small single copy of 18,349 bp, separated by two inverted repeats of
25,792 bp. The plastome contains 112 genes, of which 78 are protein-coding genes, 30 are tRNA genes,
and four are rRNA genes. Sixteen genes contain one intron and two genes have two introns. The aver-
age A-T content of the plastome is 62.1%. The M. indica plastome has approximately 15 kb inversion
between trnT-UGU and trnT-GGU. We identify a palindromic repeat of 18bp (ATTCTTTTTTTTTTTTTT/
AAAAAAAAAAAAAAGAAT) near the inversion breakpoints of M. indica plastome. Phylogenetic analysis
revealed that M. indica is a sister group of Rhus chinensis with 100% bootstrap support. Anacardiaceae
clade is a sister group of Boswellia sacra (Burseraceae) with 100% bootstrap support.
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Mangifera indica L., commonly known as mango, is a widely
cultivated tropical fruit that originates in northeastern India,
Myanmar and Bangladesh (Kim 2011). It is one of the most
widely cultivated tropical fruits. It belongs to the family
Anacardiaceae in the Sapindales (APG IV 2016). The complete
plastome sequences of Anacardiaceae are previously reported
from Pistacia, Rhus, and Spondias, etc. (Lee et al. 2016). The
complete plastome sequence of M. indica will aid us in devel-
oping molecular markers for the identification and improve-
ment of cultivars of this economically important species.

The leaves of M. indica used in this study were collected
from the Korea University greenhouse, where we grew the
plants from seeds originally collected from Thailand. A vou-
cher specimen was deposited in the Korea University
Herbarium (KUS acc. no. 2014-0249). Fresh leaves were
ground into powder in liquid nitrogen and total DNAs were
extracted using the CTAB method (Doyle and Doyle 1987).
The DNAs were further purified by the ultracentrifugation
and dialysis (Palmer 1986). The genomic DNAs are deposited
in the Plant DNA Bank in Korea (PDBK acc. no. 2014-0249).
The complete plastome sequence was generated using an
Illumina HiSeq 2000 system (Illumina, Inc., San Diego, CA).
An average coverage of sequence was 2201 times of the
M. indica plastome. Annotations were performed using the
National Center for Biotechnology Information (NCBI) BLAST,
and tRNAscan-SE programs (Lowe and Eddy 1997).

The gene order and structure of the M. indica plastome
are similar to those of a typical angiosperm (Shinozaki et al.
1986; Kim and Lee 2004; Yi and Kim 2012) except a large
inversion. The M. indica plastome shows an approximately
15 kb large inversion in LSC region. It is located between

trnE-UUC and trnL-UAA. We identified a palindromic repeat of
18 bp (ATTCTTTTTTTTTTTTTT/AAAAAAAAAAAAAAGAAT) near
the inversion breakpoints. The repeats may have a role to
generate the inversion. However, neither the inversion nor
the repeat were found from other available Anacardiaceae
plastomes such as Rhus and Spondias (Lee et al. 2016). The
partial plastome sequences of M. indica were previously
reported by Azim et al. (2014). However, they did not identify
the inversion and their sequence is unavailable from the NCBI
database.

The complete plastome is 157,780 bp in length and con-
sists of a LSC of 86,673 bp and a small single copy (SSC) of
18,349 bp, separated by two inverted repeats (IR) of
26,379 bp. The plastome comprises 112 unique genes (78 pro-
tein-coding genes, 30 tRNA genes, and four rRNA genes). The
average A-T content of the plastome is 62.1%. The A-T con-
tents in the LSC, SSC, and IR regions are 64.0%, 67.6%, and
57.0%, respectively. Sixteen genes contain intron and two
genes, ycf3 and clpP, have two introns. The infA gene is
pseudogene. A total of 57 simple sequence repeat (SSR) loci
are scattered among the plastome. Among these, 44, 6, and
7 are mono-SSR, di-SSR, and tri-SSR loci, respectively. Some of
these loci will be useful in identifying cultivars of M. indica.

To validate the phylogenetic relationships of M. indica
among Anacardiaceae, we constructed a maximum likelihood
(ML) tree. Phylogenetic analysis was performed on a data set
that included the 78 protein-coding genes and four rRNA
genes from 28 taxa using RAxML v. 7.7.1 (Stamatakis et al.
2008). The 82 gene sequences (75,831 bp) were aligned with
MUSCLE in Geneious v. 6.1.8 (Biomatters Ltd.; Kearse et al.
2012). M. indica is nesting on Anacardiaceae clades (Figure 1).
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This formed one clade with Rhus chinensis. And this clade is a
sister group of Spondias clade with 100% bootstrap support
value. Phylogenetic analysis revealed that Anacardiaceae
formed one clade with Burseraceae with a 100% bootstrap
support value. Anacardiaceae and Burseraceae clade with
other Sapindales clades formed monophyletic clade with
100% bootstrap support value.
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Figure 1. Maximum likelihood (ML) tree based on 78 protein-coding and four rRNA genes from 28 plastomes as determined by RAxML (–ln L¼ –281619.205218).
The numbers at each node indicate the ML bootstrap values. Genbank accession numbers of taxa are shown below, Acer buergerianum subsp. ningpoense
(KF753631), Acer davidii (NC_030331), Acer morrisonense (NC_029371), Arabidopsis thaliana (NC_000932), Azadirachta indica (NC_023792), Boswellia sacra
(NC_029420), Citrus aruntiifolia (NC_024929), Citrus depressa (NC_031894), Citrus playmamma (NC_030194), Citrus sinensis (NC_008334), Clausena excavata
(NC_032685), Dipteronia dyeriana (NC_031899), Dipteronia sinensis (NC_029338), Glycosmis mauritiana (NC_032686), Glycosmis pentaphylla (NC_032687), Gossypium
barbadense (NC_008641), Leitneria floridana (NC_030482), Mangifera indica (KX871231), Merrilla caloxylon (NC_032688), Micromelum minutum (NC_032689), Murraya
koenigii (NC_032684), Rhus chinensis (NC_033535), Sapindus mukorossi (NC_025554), Spondias bahiensis (NC_030526), Spondias tuberosa (NC_030527), Zanthoxylum
bungeanum (NC_023259), Zanthoxylum piperitum (NC_023259) and Zanthoxylum schinifolium (NC_023259).

MITOCHONDRIAL DNA PART B: RESOURCES 699



Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detection
of transfer RNA genes in genomic sequence. Nucleic Acids Res.
25:955–964.

Palmer JD. 1986. Isolation and structural analysis of chloroplast DNA.
Method Enzymol. 118:167–186.

Shinozaki K, Ohme M, Tanaka M, Wakasugi T, Hayashida N, Matsubayashi
T, Zaita N, Chunwongse J, Obokata J, Yamaguchi-Shinozaki K. 1986.

The complete nucleotide sequence of the tobacco chloroplast gen-
ome: its gene organization and expression. EMBO J. 5:2043–2049.

Stamatakis A, Hoover P, Rougemont J. 2008. A rapid bootstrap algorithm
for the RAxML web servers. Syst Biol. 57:758–771.

Yi D-K, Kim K-J. 2012. Complete chloroplast genome sequences
of important oilseed crop Sesamum indicum L. PLoS One.
7:e35872.

700 S. JO ET AL.


	The complete plastome sequences of Mangifera indica L. (Anacardiaceae)
	Disclosure statement
	Funding
	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 <>
		/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.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/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.)
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/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


