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ABSTRACT

We characterized the complete mitogenome sequence of the Cape honey bee, Apis mellifera capensis,
from South Africa. The circle genome is 16,470 bp in length, with the base composition of 43.2% A,

ARTICLE HISTORY
Received 20 September 2016
Accepted 23 September 2016

9.6% C, 5.6% G, and 41.5% T. The assembled mitogenome has 13 protein-coding genes (PCGs), 22

transfer RNAs, two ribosomal RNA genes, and one control region. All protein-coding genes are initiated
by ATT, ATC, ATG or ATA codons and are terminated by the typical stop codon TAA. The heavy strand
encodes four protein-coding genes, eight tRNAs, and two rRNAs. The light strand encodes nine protein-
coding genes and 14 tRNAs. The complete mitogenome sequence of A.m. capensis is identical to the
gene arrangement found in other A. mellifera mitogenomes and it provides essential and important
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DNA molecular data for further phylogenetic and evolutionary analysis of members of the genus Apis.

Africa is the home to at least 10 indigenous Apis mellifera L.
(western honey bee) subspecies that are distributed across
the continent with substantial geographical, climatic, and
ecological variability (Gupta et al. 2014). Apis mellifera scutel-
lata and Apis mellifera capensis are two important subspecies
inhabiting South Africa (Hepburn & Radloff 1998). Apis melli-
fera capensis, the Cape honey bee, is a facultative social para-
site (Cape bee workers invade other non-Cape bee colonies,
becoming the resident reproductive), reproducing thelyto-
kously (unfertilized eggs become diploid females), and is
characterized by a unique set of genetic, behavioural, and
physiological traits possessed by the worker bees (Onions
1912; Hepburn & Crewe 1991; Neumann & Moritz 2002).

In this study, we report the complete mitogenome (mito-
chondrial genome) of an A.m. capensis worker (Accession no.
KX870183) collected from an apiary close to Knysna, a city that
lies in the natural distribution of A.m. capensis in South Africa
(34°05'S-22°99’E (Hepburn & Radloff 1998). The identity of the
worker bee was confirmed using classic morphometrics as per
Hepburn and Radloff (1998). Total genomic DNA was isolated
from a worker honey bee as per Hunt & Page (1995) using
cetyltrimethylammonium bromide (CTAB), followed by phe-
nol:chloroform:isoamyl alcohol (25:24:1). The genomic DNA
was quantified using a Qubit® 3.0 Fluorometer (Thermo
Scientific Inc., Waltham, MA, USA). Genomic libraries were con-
structed and genome skimming (Straub et al. 2012) was per-
formed using pair-end sequencing (2 x 100 bp) on the lllumina
HiSeq 2000 (San Diego, California, USA) sequencing platform.

The resulting FASTQ reads were trimmed and mapped to
the reference mitogenome of A.m. ligustica (L06178.1, the

Italian honey bee) using Geneious R9.1 (Kearse et al. 2012).
We used 10 iterations of custom-settings to ensure high-strin-
gency mapping. In regions with ambiguities, we selected
short consensus segments (>100bp) and remapped these
with original reads to elongate them without bias of the ori-
ginal reference sequence. We combined these assemblies
using 2-3 iterations to achieve a final sequence that was
examined by eye. To confirm, a final mapping of the reads
was done to the final sequence to ensure there were no
errors.

The mitochondrial genome of A.m. capensis constitutes a
DNA circular closed loop that is 16,470 bp in length. The A.m.
capensis mitogenome was similar in content and organization
to that of A.m. ligustica. It contained 13 protein-coding genes,
22 putative tRNAs, two rRNAs, and an AT-rich control region.
There was a strong A+T bias (84.7% of the genome). The
heavy strand encodes four protein-coding genes, eight tRNAs,
and two rRNAs. The light strand encodes nine protein-coding
genes and 14 tRNAs. Six protein-coding genes of the Am.
capensis mitochondrial genome started with ATT, four with
ATG, two with ATA, and one with ATC. The stop codon of
each of these protein-coding genes was TAA.

The mitogenome of A.m. capensis shared 96% genetic
identity with that of A.m. ligustica, with 274 nucleotide substi-
tutions and 338 indel differences. There were 32 amino acid
differences, occurring in all genes except ND4L. The starting
position of ND4 differs among Apis mitogenomes. Based on
the A.m. ligustica mitogenome, which has the longest ND4
annotated for an Apis mellifera mitogenome to date (411
amino acids, relative to 409 to 398 in other taxa presented in
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Figure 1. Phylogenetic relationships within the genus Apis based on maximum likelihood approach of the mitochondrial genome nucleotide sequence of the 13
protein-coding genes. The bootstrap values are given in numbers on the left of each node. The letter/number combination on the right side of each node indicates

the GenBank accession numbers.

the Figure 1), the likely homologous start position in A.m.
capensis resulted in a stop codon at the eighth amino acid
position. However, the starting position for ND4 based on
annotations of A.m. scutellata and A.m. syriaca, which exclude
these initial sites, did not lead to a stop codon on the trans-
lated ND4 sequence of A.m. capensis. Thus, we assumed this
was the appropriate start codon.

There was 99% identity of the A.m. capensis mitogenome
with that of Am. scutellata (KJ601784), a honey bee subspe-
cies which is distributed in South Africa borders with that of
A.m. capensis. The differences were due to 44 nucleotide sub-
stitutions and 95 sites with indels which were all located in
non-coding regions. There were three amino acid differences
between the A.m. capensis and A.m. scutellata mitogenomes,
one each in ND2, CO3, and ND5. Furthermore, A.m. capensis
has an additional amino acid in the ND4 gene that is absent
in A.m. scutellata (but is present in the other mitogenomes).
In total, there were four amino acid differences between A.m.
capensis and A.m. scutellata (3 substitutions and one indel).

We also identified a pseudogene of ~2000bp (the exact
boundaries were difficult to establish due to assembly issues).
This covered ATP6 through ND5, with two large (> 500bp)
deletions, as well as many smaller insertions and deletions
relative to the reference genome. Overall identification for
the regions covered was over 78%, with high identity in
some regions.

A phylogenetic analysis was constructed using the 13
mitochondrial protein-coding genes and two rRNAs with
inclusion of 19 published mitogenomes from other species of
Apis and subspecies of A. mellifera. To identify the phylogen-
etic position of Am. capensis, we used RAXxML 7.2.8
(Stamatakis 2006) and the GTRGAMMA model to construct a
maximum-likelihood tree; we estimated the ML tree using 10
random additions, and assessed support with 1000 bootstrap

replicates (Figure 1). We used midpoint rooting. The tree con-
firms that A.m. capensis is within the Apis mellifera clade and
is supported as sister taxa to A.m. scutellata with 70% support
(Figure 1). Apis mellifera capensis clusters inside A.m. mellifera
subspecies, which do not form a monophyletic clade with the
mitochondrial genome. The genetic distance between the
A.m. capensis and A.m. scutellata mitochondrial genomes was
0.002. In contrast, the distance between the A.m. capensis
genome and all other A. mellifera mitochondrial genomes
averaged 0.006, consistent with genetic distances between
African (0.004) and European and Middle Eastern A. mellifera
(0.014) (Crozier & Crozier 1993; Gibson & Hunt 2015; Haddad
2015; Hu et al. 2015). In conclusion, the complete A.m. capen-
sis mitogenome will provide essential and fundamental infor-
mation to elucidate population genetics, biogeography and
evolutionary history of this bee and related subspecies.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

Funding

This project was financed through a cooperative agreement provided
by the United States Department of Agriculture, Animal and Plant
Health Inspection Service (USDA-APHIS) under the grant number 14-
8130-0414-CA.

References

Crozier RH, Crozier YC. 1993. The mitochondrial genome of the honeybee
Apis mellifera: complete sequence and genome organization. Genetics.
133:97-117.



Gibson JD, Hunt GJ. 2015. The complete mitochondrial genome of the
invasive Africanized Honey Bee, Apis mellifera scutellata (Insecta:
Hymenoptera: Apidae). Mitochondrial DNA. 27:561-562.

Gupta RK, Reybroeck W, van Veen JW, Gupta A. 2014. Beekeeping for
poverty alleviation and livelihood security. Vol. 1: Technological
aspects of beekeeping. 1st ed. Netherlands: Springer. p. 665.

Haddad NJ. 2015. Mitochondrial genome of the Levant Region honeybee,
Apis mellifera syriaca (Hymenoptera: Apidae). Mitochondrial DNA.
30:1-2.

Hepburn HR, Radloff SE. 1998. Honeybees of Africa. Berlin, Heidelberg,
New York: Springer Verlag. p. 370.

Hepburn HR, Crewe RM. 1991. Portrait of the Cape honeybee, Apis melli-
fera capensis. Apidologie. 22:567-580.

Hunt GJ, Page RE. 1995. Linkage map of the honey bee, Apis mellifera,
based on RAPD markers. Genetics. 139:1371-1382.

Hu P, Lu ZX, Haddad N, Noureddine A, Loucif-Ayad Q, Qang YZ, Zhao RB,
Zhang AL, Guan X, Zhang HX, Niu H. 2015. Complete mitochondrial

MITOCHONDRIAL DNA PART B: RESOURCES 819

genome of the Algerian honeybee, Apis mellifera intermissa
(Hymenoptera: Apidae). Mitochondrial DNA. 26:1-2.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton
S, Cooper A, Markowitz S, Duran C, et al. 2012. Geneious Basic: an inte-
grated and extendable desktop software platform for the organization
and analysis of sequence data. Bioinformatics. 28:1647-1649.

Neumann P, Moritz RFA. 2002. The Cape honeybee phenomenon: the
sympatric evolution of a social parasite in real time? Behav Ecol
Sociobiol. 52:271-281.

Onions GW. 1912. South African ‘fertile worker bees’. Agric J Union S Aftr.
1:720-728.

Stamatakis A. 2006. RAXML-VI-HPC: maximum likelihood-based phylogen-
etic analyses with thousands of taxa and mixed models.
Bioinformatics. 22:2688-2690.

Straub SCK, Parks M, Weitemier K, Fishbein M, Cronn R, Liston A. 2012.
Navigating the tip of the genomic iceberg: next-generation sequenc-
ing for plant systematics. Am J Bot. 99:349-364.



	The complete mitochondrial genome of the Cape honey bee, Apis mellifera capensis Esch. (Insecta: hymenoptera: apidae)
	mkchap1241682__ack
	Disclosure statement
	Funding
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/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.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/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.)
		/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.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


