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Diversity levels of heteroplasmy for an individual human using massively parallel sequencing
Heteroplasmy is the presence of more than one mitochondrial DNA (mtDNA) sequence within a cell or individual. Even though the most incidences of heteroplasmy in human mtDNA have been observed in individuals with mitochondrial diseases1-4, it is possible to detect heteroplasmy within the normal individual since every eukaryotic cell contains many hundereds of mitochondria with hundreds of copies of mtDNA5,6. However, heteroplasmic point mutation were thought not to occur or difficult to determine heteroplasmy or likely sequencing error7. Here the healthy mtDNA was sequenced to more than 2,000-fold average coverage in an individual human without disease using massively parallel sequencing technology and showed the various levels of heteroplasmy in the whole mtDNA genome including the regions of noncoding as well as coding. We found that heteroplasmic point mutations were observed at 892 positions. Among them, 12 positions showed more than 5 %. Furthermore, we found that position 4,716 displayed high level heteroplasmy (16%). Our results demonstrate how many heteroplasmic point mutations exist in normal individual human mtDNA as well as it has potential to detect the heterplasmic sites where homoplasmic mutations were detected through the next-generation sequencing technology. This work is to be a starting point for heteroplasmy investigation in human mtDNA without disease and opens the new way to utilize the next-generation sequencing technology for detection of heteroplamic point mutation.



METHODS SUMMARY
Sequencing and mapping
KSJ Genomic DNA was extracted from Whole blood by QIAamp DNA blood kit (Qiagen). DNA extraction followed the manufacturer's instructions (Qiagen). We used MAQ to align each read-pair to a position on rCRS (revised Cambridge Reference sequence) for the ungapped match with lowest mismatch score, defined as the sum of qualities at mismatching bases. To speed up the alignment, MAQ only considers positions that have 2 or fewer mismatches in the first 28bp.
Calculating the frequency of heteroplasmy
To avoid misalignment, we devised new scanner for estimating the frequency of heteroplasmy. First of all, base composition in each position was carried out. The high frequency of base composition is major allele, whereas the second frequency of that is minor allele. Set with major or minor allele was extended 5 bp on both sides (5 bp is default). Extended sets were remapping on the reads extended more 1 bp on both sides than sets. Finally, we counted out the number of reads corresponding to set with major or minor allele.
Validation of heteroplasmy
In order to confirm the presence of heteroplasmy in general sequencing technology, DNA was isolated from KSJ and KSJ’s mother by standard methods. Amplifications of KSJ and KSJ’s mother mtDNA regions with candidated heteroplasmic point were performed using each primer set (table XX) and the products were purified. Sequencing reactions were performed according to the protocols of the manufacturer (Applied Biosystems). We go through the chromatograph where heterplasmic point mutation exists.

Acknowledgements

Correspondence and Requests for materials should be addressed to:  


References
1	McFarland, R. et al., Homoplasmy, heteroplasmy, and mitochondrial dystonia. Neurology 69 (9), 911-916 (2007).
2	Brautbar, A. et al., The mitochondrial 13513G>A mutation is associated with Leigh disease phenotypes independent of complex I deficiency in muscle. Mol Genet Metab 94 (4), 485-490 (2008).
3	Wallace, D.C., Mitochondrial genetics: a paradigm for aging and degenerative diseases? Science 256 (5057), 628-632 (1992).
4	Phasukkijwatana, N. et al., Transmission of heteroplasmic G11778A in extensive pedigrees of Thai Leber hereditary optic neuropathy. J Hum Genet 51 (12), 1110-1117 (2006).
5	Ivanov, P.L. et al., Mitochondrial DNA sequence heteroplasmy in the Grand Duke of Russia Georgij Romanov establishes the authenticity of the remains of Tsar Nicholas II. Nat Genet 12 (4), 417-420 (1996).
6	Jacobs, L. et al., mtDNA point mutations are present at various levels of heteroplasmy in human oocytes. Mol Hum Reprod 13 (3), 149-154 (2007).
7	Calloway, C.D., Reynolds, R.L., Herrin, G.L., Jr., & Anderson, W.W., The frequency of heteroplasmy in the HVII region of mtDNA differs across tissue types and increases with age. Am J Hum Genet 66 (4), 1384-1397 (2000).


Tables
 Table 1. Heteroplasmic mutation sites more than 5%.
	position
	major
	minor
	major_reads
	minor_reads
	%hetroplasmy
	gene name
	sny/non
	major aa
	minor aa

	4716
	C
	A
	924
	176
	16.00%
	ND2
	non-synonymous
	Gln
	Lys

	9657
	C
	A
	1001
	83
	7.66%
	COX3
	non-synonymous
	Leu
	Met

	8692
	C
	A
	1019
	81
	7.36%
	ATP6
	non-synonymous
	Gln
	Lys

	3521
	T
	C
	1962
	152
	7.19%
	ND1
	non-synonymous
	Ile
	Thr

	4724
	C
	A
	1199
	91
	7.05%
	ND2
	synonymous
	Thr
	Thr

	3488
	T
	A
	1970
	142
	6.72%
	ND1
	non-synonymous
	Leu
	Gln

	5624
	C
	A
	1380
	93
	6.31%
	tRNA-Ala
	
	
	

	10120
	C
	A
	1434
	96
	6.27%
	ND3
	non-synonymous
	Thr
	Lys

	5281
	C
	A
	1358
	82
	5.69%
	ND2
	non-synonymous
	Thr
	Lys

	11652
	T
	A
	1893
	110
	5.49%
	ND4
	non-synonymous
	Val
	Glu

	10304
	T
	A
	1501
	86
	5.42%
	ND3
	synonymous
	Thr
	Thr

	6410
	C
	A
	1519
	80
	5.00%
	COX1
	non-synonymous
	Ile
	Met





Table 2. The distribution of heteroplasmy (> 1%) in each gene
	Gene_name
	count
	
	Gene_name
	count

	HVS1
	30
	
	tRNA-Pro
	5

	HVS2
	45
	
	tRNA-Ser
	5

	intergenic region
	4
	
	tRNA-Ser2
	1

	12s_rRNA
	57
	
	tRNA-Thr
	6

	16s_rRNA
	101
	
	tRNA-Val
	2

	tRNA-Ala
	6
	
	ATP6
	41

	tRNA-Arg
	2
	
	ATP8
	21

	tRNA-Asn
	3
	
	COX1
	59

	tRNA-Asp
	2
	
	COX2
	29

	tRNA-Cys
	3
	
	COX3
	44

	tRNA-Gln
	1
	
	CYTB
	43

	tRNA-Glu
	10
	
	ND1
	39

	tRNA-Gly
	6
	
	ND2
	58

	tRNA-His
	5
	
	ND3
	20

	tRNA-Ile
	2
	
	ND4
	71

	tRNA-Leu
	5
	
	ND4L
	17

	tRNA-Leu2
	9
	
	ND5
	90

	tRNA-Lys
	2
	
	ND6
	45

	tRNA-Phe
	3
	
	total
	891



Figure Legends



Figures

Figure 1. The distribution of heteroplasmy (> 1%) in gene category



Figure 2. Frequency of substitutions for heteroplasmic mutation. Blue indicates non-synonymous substitution, whereas orange for synonymous substitution.

control_region	non-synonymous	rRNA	synonymous	tRNA	79	507	158	70	78	C-A	T-A	G-C	T-C	709	93	12	78	

