
Advances in Mitogenome 

Sequencing for Forensic 

Laboratories

https://sites.psu.edu/hollandresearch/

Mitchell M. Holland, Ph.D.
Professor, Biochem & MolBio

Forensic Science Program

Eberly College of Science

Penn State University, University Park, PA

15NIJ-22-GG-04395-DNAX

NIJ 2020-DQ-BX-0004

Technical Leader Meeting, ISHI

21 September 2023



https://sites.psu.edu/hollandresearch/

2023

2021

2022

Lauren Jade Jen



mtDNA sequence analysis is a useful tool for testing 

hair shafts and old skeletal remains associated 

with criminal and identification cases

FBI 1996



Hairs are the most common biological 

evidence type found at crime scenes

Shed hairs (telogen) represent up to 90% 

of evidentiary hairs

2-6 yrs

Resting

3-4 months
We lose ~100 

hairs each day

Kiierr.com



While chromosomal DNA typically accounts 

for >95% of the DNA content in hair shafts, 

the nucDNA is highly degraded with an 

average fragment length of 40-70 bps, 

more degraded than mtDNA

Ed Green
UC Santa Cruz

Astrea



National Cancer Institute

Routine mitoGenome MPS Analysis 

from 1-5 mm of Human Hair Shaft



HV1/HV2 = 610 bps        CR = 1122 bps

mitoGenome =  ~16,569 bps

Help me, I’m 

degrading

What most crime 

labs focus on

Where the field is 

likely to move

http://upload.wikimedia.org/wikipedia/commons/3/3e/Mitochondrial_DNA_en.svg


Better 

Discrimination

Potential



Amplification Approaches 

& Kits Available

• Promega
• PowerSeq CRM (control region, 1 multiplex, 144-237 bps)

• PowerSeq WGM (mitogenome, 1 multiplex of 161 amplicons 

averaging 167 bps, research product)

• Verogen
• ForenSeq mtDNA Control Region (2 multiplexes, 18 amplicons 

averaging 118 bps)

• ForenSeq mtDNA Whole Genome (2 multiplexes, 245 amplicons 

averaging 131 bps)

• ThermoFisher
• Precision ID mtDNA Control Region Panel (2 multiplexes)

• Precision ID mtDNA Whole Genome Panel (2 multiplexes of 81 

amplicons averaging 161 bps)



Tested 1 mm and 5 mm cuttings from 60 hair shafts (120 samples).

Approximately 1 cm of the root end was removed, followed by the   

5 mm cutting, and finally the 1 mm cutting.

Root Distal End

1 cm

0.5 cm

0.1 cm

Hair Study



Head Hairs in Three Different Age Ranges:

Recent (R) = <5 years of age (13 hairs)

Old (O) = 5-27 years, avg of 13.6 (24 hairs)

Older (VO) = 41-46 years, avg of 43.4 (23 hairs)

Hair Study

Provided by PSU, Mitotyping, and MicroTrace

IRB STUDY’s 00000970 & 00014305



• Characterized on a Leica FS 

4000 comparison microscope

• Medulla structure

• Diameter

• Other characteristics such as 

pigment, ovoid bodies, 

cortical fusi, cuticle structure, 

physical damage

Microscopic Characterization



LMB = Lyse 

(dissolve) & 

Magnetic Beads

40 uL extract

Hair Extraction

Custom mtqPCR assay to 

assess both quantification 

and degradation



mtDNA Yield v. Age of the Hair

p-value < 0.05 (within)

R O VO R O VO

= median, * = mean



mtDNA Yield v. Width of Hair
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V

O
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VO

R = <5 yo

O = 13.6 yo

VO = 43.4 yo



mtDNA Yield v. Width of Hair

Width without 

a medulla

= Better

= Worse

R

O

V

O

R
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VO



Degradation Index (DI) v. Age

p-value < 0.05 (within)

R O VOR O VO

Small Target = 69 bps

Large Target = 283 bps

R = <5 yo

O = 13.6 yo

VO = 43.4 yo



Reverse Terminator 

Sequencing

Goodwin et al., Nat Genet Review 2016

PowerSeq WGM (mitogenome,     

1 multiplex of 161 amplicons 

averaging 167 bps)

Sequencing on the Illumina MiSeq

276 x 276 paired end reads 

(600-cycle v3 kit) on the MiSeq



Holland et al., FSIG 2017

GeneMarker™ HTS

Data Analysis



Percent of the mitoGenome 

Reported v. Age

R O VO R O VO



If mitogenome sequencing is to be 

adopted by the forensic community, a 

database of haplotypes will be required 

to provide weight estimates for a match

empop.online
The 10,000 mitogenome project!



PacBio Sequel IIe HiFi 

Sequencing

SMRTbell

Single Molecule Real Time

Reaction volume is ~20 zeptoliters (10-21 

liters).  During a single incorporation, the 

fluorescent dye is detected and released.



Logsdon 2020, Nature Reviews

PacBio HiFi Accuracy

The polymerase sequences 

the template 8+ times …

… significantly enhancing read 

accuracy; i.e., reducing error

(continuous long reads)



LR amplify 4 uL of extract.  Two amps of 

~8.5 kb each (A & B) to cover the 

mitogenome, with unique sets of indices 

(barcodes) for each amp.  Amplify 93 

extracts + 2 RBs + 1 Neg x two plates

Combine the 

four runs, 

concentrate 

again in a 

100k microcon 

to a final 

volume of 

~150 uL 

A B

Combine A & B amps and 

normalize on a SequalPrep™ 

Normalization Plate

Send to the 

core lab for 

SMRTbell prep 

& sequencing

of 372 blood 

samples per run

Extract liquid blood samples: 22-23 at 

one time, with 1-2 reagent blanks per 

set of 24 total samples

Repeat the 

process 

three times, 

for a total of 

372 blood 

samples, 8 

RBs, and 4 

Neg controls

Concentrate the eluted 

products to a volume of 

~150 uL with a 100k 

microcon filter

At a 

cost of 

~$23 

per 

sample



mmh20@psu.edu
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