Different distribution of mitochondrial DNA length heteroplasmy across human blood, tissue and hairs
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Introduction

Mitochondrial DNA (mtDNA) has been widely used for forensic identification and
evolutionary studies due to its abundance, inherent variability, and ability to survive
in extreme environmental conditions. Mitochondrial heteroplasmy is defined as the
occurrence of two or more populations of mtDNA in the same individual, the same
tissue, the same cell or the same mitochondrion. The occurrence of heteroplasmy
can improve the value of mtDNA analyses for forensic purposes. There are two
types of heteroplasmy, length-based and sequence-based heteroplasmy. As
compared with point heteroplasmy, length heteroplasmy has been considered to
be somewhat general and to have less population specificity. Length heteroplasmy
within the homopolymeric cytosine tract of the mitochondrial HV2 region is one of
the most often observed neutral polymorphisms in normal populations. However,
there are a few limitations to analyze length heteroplasmy, which are detection
methods and intra-individual differences of mtDNA sequence. Therefore, in an
attempt to investigate length heteroplasmy in mitochondrial HV2 region in various
tissue samples, we designed a mutagenic primer to minimize stutter production for
homopolymeric cytosine tract of HV2 and carried out the size-based separation of
PCR products.

Materials and Methods

Sampling and DNA extraction

Postmortem tissue (blood, brain, liver, heart, skeletal muscle) and hair shafts
samples were collected from 25 individuals at the morgue of the Korean National
Institute of Scientific Investigation(NISI). Prior to DNA extraction, each hair shaft
sample was decontaminated according to the previous report. DNA was extracted
using the DNA 1Q™ system (Promega) and a Tissue and Hair Extraction Kit
(Promega)

PCR amplification and the size-based separation of PCR products

We designed a mutagenic PCR primer to minimize stutter production for the C-
tract in the HV2 region. The primer was constructed to produce the amplification
products containing the C-tract with less than 8 consecutive Cs by inserting the
nucleotide T in the middle of the homopolymeric C-tract located in the 3'-terminus
of the primer (F291: 5-ATTTCCACCAAACCCCTCC). PCR amplification was
carried out in a total volume of 10.0 ul using F291 and fluorescence-labelled R389
(5'-HEX-CTGGTTAGGCTGGTGTTAGG) primers. Thermal cycling was conducted
under the conditions with 56°C annealing temperature and 25 cycles of
amplification for 1.0 ng of blood and 4 tissues DNA, and 32 cycles of amplification
for 0.1 ng of hair shafts mtDNA.

Nuclear DNA genotyping and mtDNA sequencing

To confirm sample sources and to examine the possibility of sample switching or
contamination, blood and the 4 tissue samples, were genotyped using
PowerPlex16 (Promega). In addition, we sequenced the HV1 and HV2 regions and
analyzed CA dinucleotide repeat length polymorphism in the HV3 region of hair
shafts.

Results

Using the mutagenic primer of the present study, the PCR amplification of clones
with 7-10 consecutive Cs hardly ever produced stutter products (Fig. 1). In 15
heteroplasmic individuals, qualitative and/or quantitative mtDNA peak pattern
differences were observed between blood, the various tissues and hair shafts. In
tissue samples, 3 individuals showed the qualitative/quantitative peak pattern
differences (Fig. 2A), and 5 showed the same C-tract genotypes, but in varying
proportions (Fig. 2B). In most cases, hair shaft mtDNA with HV2 region length
heteroplasmy displayed highly varying proportions of length variant (Fig. 3A). In 3
homoplasmic individuals, the appearance of heteroplasmic mtDNA peak patterns
were observed in hair shafts (Fig. 3B).

Figure 1 Electropherograms of PCR products amplified either with primer of
the present study (F291) or with that described previously (F155)
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Figure 2 Electropherograms obtained from fragment length analysis of the
C-tract of the mitochondrial HV2 region in blood and in the four other
tissues
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Figure 3 Electropherograms obtained from fragment length analysis of the
C-tract of the mitochondrial HV2 region in hair shafts

Blood Hair 1 Hair 2 Hair 3 Hair 4 Hair 5
ac ac o 7c s ac
A Individual 01
8C 7c 8c 8C 7c 8C
Individual 20
9C 8C 9C oC 8c 9C
Individual 14
9C 9c 8C 8C 8C 8C
Individual 21
8C ic 8C 8C 8C 8C
Individual 12
7c © © © © ©
B
Individual 07
GeneScan Sequencing Figure _4 Electropher_ograms obtained
s - from direct sequencing and fragment
7 length analysis of the C-tract of the
| I{ mitochondrial ~ HV2  region  in
g Hliiskedisn | individual 12
Conclusion

We analyzed length heteroplasmy in a homopolymeric C-tract of the HV2 region
using primer designed to minimize stutter production. We found quantitatively
different distribution patterns of length heteroplasmy mostly in blood and 4 organ
tissues, and significant variation in qualitative/quantitative peak pattern in hair
shaft mtDNA profiles. Therefore, information of length heteroplasmy in a
homopolymeric cytosine tract of the mtDNA HV2 region cannot be used alone to
support an interpretation of exclusion.
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