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Goals and Objectives

Overview and theory behind mtDNA analysis
The science behind mtDNA sequencing

Forensic casework applications of mtDNA
(validation and examples)

Tools for mtDNA screening — Linear Arrays

Emerging mtDNA technologies — mtDNA
genome sequencing, species identification,
dHPLC for resolving mixtures.

Summary and Questions

June 26, 2000
“A day for the ages”

Associated Press

April 09, 1981

Fred Sanger standing in front of the Sanger Institute

http://www.wellcome.ac.uk/

A (Very) Brief DNA Review

4 “It has not escaped our notice that the specific pairing

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Watson and Crick - 1953

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest s structure for the salt

of deoxyribose nueleie acid (TWNAL), This
etructure has novel features which arce of considerablo
biologieal interest,

we have postulated immediately suggests a possible
copying mechanism for the genetic material.”
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The Human Genome

T A
j:|: Nuclear DNA - Located in cell nucleus
CE‘ G Autosomes 2 copies Located in
I’EE per cell m:to.chondn_a
(multiple copies
G E‘c Base Pairing in cell cytoplasm)
> A HT Purine:Pyrimidine E E
mtDNA
e e | 16,569 bp
Z’E‘E 12 3 4 5 6 7 8 9 10 11 _12 )
A HT g B
HRES FHHE
A):h 13 14 1516 17 18 19 20 21 22||X Y
5 3
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— Sex- 100s of copies
3.2 billion bp chromosomes, per cell

Butler, J.M. (2005) Forensic DNA Typing, 2 Edition, Figure 2.3, OElsevier Science/Academic Press

You Say Tomato... The Secret of the Force?

* Cowdry (1918) review of what microscopists \Star Wars Episode |: The Phantom Menace\

called “mitochondria” . QUI-GON : Make an analysis of this blood sample I'm sending you.
mitos = thread QUI-GON : | need a midi-chlorian count. =
chondros = granule

OBI-WAN : All right. I've got it.

Blepharoblasts Fadenkorper
QUI-GON : What are your readings?

Chondriokonts Mitogel

Chondriomites
Chondrioplasts

Chondriosomes Plastochondria gg:_'\%im ; \’;‘Vzgfg'o'e‘zsn mean?
Chondriospheres  Plastosomes QUI-GON : I'm not sure.

Filia Vermicules

Fuchsinophilic Sarcosomes

Granules Interstitial bodies

Korner Bioblasts

Parabasal bodies OBI-WAN : Strange... the reading's off the chart...over twenty thousand.

Plasmabioblasts

OBI-WAN :

Even Master Yoda doesn't have a midi-chlorian count that high!

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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The Cell Mitochondrial Morphology

Cytoplasmic organelle

Double membrane

membrane

Outer membrane — porin proteins for the
transportation of materials.

Inner membrane — highly folded
(increased surface area) and highly
impermeable.

Inner Matrix — several copies of mtDNA

mernbrane
— Cristae
Matrix
granules

Mitochondrial Functions
Cellular Respiration — ATP production via Complex I I m v
oxidative-phosphorylation (OX-PHOS). iementrane [ T T
s c:.‘ + _‘( PR

Apoptosis — programmed cell death TR ra
Steroid synthesis menbrane

Elongation of fatty acids 5 -:{ﬁ-(--

Oxidation of epinephrine (adrenaline) Mitochondrial

Matris  wapgone e ADPLR AT

Degradation of tryptophan
Heme synthesis
Heat production

Succinale Fumersie

http://myweb.uiowa.edu/bballard/Research%20Figures/OXPHOS .jpg

Mitochondrial Evolution

» Endosymbiotic Theory — lvan Wallin (1920s)
and Lynn Margulis (1981).

bacterial cell and formed a symbiotic
relationship.

OO S

http://sps.k12.ar.us/massengale/cell_respiration_bi.htm

i
e
- + Proto-Eukaryotic cell incorporated a proto-
il
Eie
P

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 3
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Support for the Endosymbiotic Theory

» Mitochondria have double membranes — and
the inner membrane is rich in cardiolipin.

« Mitochondria have their own genome, which is
circular like bacteria (no histones), and use a
genetic code for amino acids different that the
nuclear DNA.

* New mitochondria are formed by a process
similar to binary fission.

* Mitochondrial ribosomes are very similar to
bacterial ribosomes (affected by antibiotics
such as linezolid).

March 13, 2006

Lucky Guess or Clairvoyant?

* 1890 — R. Altman writes that “bioplasts”
(mitochondria) are, “autonomous, elemental
living units, forming bacteria-like colonies in
the cytoplasm of the host cell.”

Immo Scheffler, Mitochondria (1999)

Mitochondrial Evolution

Complex i 1 ] v v

Enzyme NADH-CoQ | S te-CoQ | CoQ-Cytochrome C|  Cytochrome C ATP
Reductase Reductase Reductase Oxidase Synthase
Inhibitor Rotenone TTFA malonate Antimycin A Cyanide Oligomycin

Amytal Carbon Monoxide
Azide
Nuclear DNA ~43 4 10 10 ~14
Subunits
mtDNA 7 0 1 3 2

Subunits | ND1-6, ND4L Cytochrome b COXLILIl | ATPase 6
ATPase 8

~81 subunits encoded by the nuclear genome

mtDNA Genome

Coding Region
13 polypeptides
2 rRNAs

13 tRNAs

16569 bp All necessary for
OXPHOS

Highly compact
(few intergenic spaces)

ENATPase86  EEComplex1  []tRHAs -
G ytoch b EEComplex4 B rRNAs http://www.mitomap.org/

mtDNA as a Forensic Marker

FORENSIC SCIENCE
COR, AT 10

Mitochandrial DNA Analysis Advantages of mtDNA testing:
a1 the FBI Laboratory

- Higher copy number per cell
Figure 1 Results with highly degraded DNA
Types of DNA Results with limited sample (hair shaft)

® 2 copiesicell

w inherited fram bath
\ parenis

| ®unique te indwidual

' '}--- Mitochondrial Low power of discrimination

& & J @ >1000 cophaicet Labor intensive
~ F 4 e %/ e mutwmaty mheried
-/

® not unigue 1o indivigusl CXPENSIve

http://w su/july1999/dnaf1.htm

Disadvantages of mtDNA testing:

Role of mtDNA

Compared to Autosomal STRs

» Autosomal STRs provide a higher power of
discrimination and are the preferred
method whenever possible

* Due to high copy number, mitochondrial
DNA (mtDNA) may be the only source of
surviving DNA in highly degraded specimens
or low quantity samples such as hair shafts

* A mtDNA result is better than no result at all...

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Different Inheritance Patterns

Lineage Markers
CODIS STR Loci

March 13, 2006

HeHP
Vo

YRy

Autosomal Y-Chromosome Mitochondrial
(passed on in part, (passed on complete, (passed on complete,
from all ancestors) but only by sons) but only by daughters)

Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Figure 9.1, ©Elsevier Science/Academic Press

Comparison of Human nucDNA

Charactertstics Nuclear DNA (MucDNA)  Mitochondrial DNA (MEDNA)
slza of genome ~31 billion bp ~16569 bp
coples per call 2(1 allele from each can be > 1000
parent)
Percent of total DNA 99.75% 0.25%
content per call
structure Linear; packaged In Ciraular
chromosomes
Inherited from Father and Mother Mother
chromosomal pairing Diplold Haploid
Generational recombination Yes No
Replication repalr Yes Mo
unigue unique to Indwidual Not unique to Individual
(except Idential twins)  (same as maternal relatives)
Mutation rate Low At least 5-10 times nucDHA
Reference sequence Described In 2001 by the  Described In 1881 by

Human Genome Project  Anderson and co-workers

Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Table 10.1, ©Elsevier Science/Academic Press

Lineage Markers:
Y-STRs and mtDNA

Location and Copy Number of mtDNA

» Found within the mitochondria in the cellular
cytoplasm.

+ On average 4-5 copies of mtDNA molecules
per mitochondria (range of 1-15 mtDNA
copies).

» Number of mitochondria vary by cell type (e.g.,
muscles have more...).

» Generally, hundreds of mitochondria per cell.

Advantages Disadvantages
» Extend possible reference « Lower power of discrimination
samples beyond a single due to no genetic shuffling with
generation (benefits missing recombination
persons cases and genetic
genealogy) « Family members have
indistinguishable haplotypes
* Family members have unless mutations have
indistinguishable haplotypes occurred
unless mutations have
occurred
16024 16365 173 340
HV HV2 ]
16024 "~~~ Control region (D-loop) .- 576 22 tRNAs
o
” ’ F128 2 rRNAs
13 genes
ND5 ND1
L2, |
s2), "
ND4 ND2
w
ND4L 9-bp
deletion
] coll b
ATF’ESK
Figure 10.1, J.M. Butler (2005) F ing, 2" Edition evier Academic Press

mtDNA Is Not Always 16,569 bp ...

» Dinucleotide repeat at positions 514-524 (near
end of control region)
— Usually ACACACACAC or (AC); in most
individuals
— Can vary from (AC), to (AC),

+ Other insertions and deletions may occur
— 9 bp deletion (positions 8277 to 8285) in some
individuals from Asia and Pacific Islands
(haplogroup B) and Africans (haplogroup L).

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Control Region (16024-576)

‘ 1,122 nucleotide positions‘
1

16024 16365 73 340
| Hv HV2 |
A
16024 Control region (D-loop) 576
(AC)s
Forensic Focus (AC),
Typically only 610 bases examined (AC)s
— (HVI: 16024-16365; HVII: 73-340)  (AC)g
(AC);

March 13, 2006

“Heavy” vs. “Light” Strand

The two strands (“inner” and “outer” loops) of mtDNA
can be separated with an alkaline CsCl gradient.

Heavy or H-strand contains a greater number of
guanine nucleotides (largest molecular weight of the
four nucleotides) — purine rich.

Light or L-strand contains more C and T nucleotides
and is thus physically lighter (pyrimidine rich).

H-strand codes for 28 gene products while the L-
strand is used to transcribe 8 tRNAs and the ND6
enzyme.

Original Reference Sequence

* Human mtDNA was first sequenced in 1981 in
Frederick Sanger’s lab located in Cambridge, England.

« Authors for this paper (Nature 1981, 290:457-465)
were listed in alphabetical order so Stan Anderson was
the first author.

« This sequence has come to be referred to as the
“Anderson” sequence (GenBank accession:
M63933).

« This first sequence is sometimes called the
Cambridge Reference Sequence (CRS).

Re-Sequencing of CRS

The 1981 sequence was derived primarily from a
placenta of an individual with European ancestry;
however, some HelLa and bovine sequence was used
to fill in gaps due to early sequencing procedures
performed.

Re-analysis of original placental material by Andrews
et al. (1999) found 11 nucleotides that differed from
Anderson et al. (1981) sequence.

This revised Cambridge Reference Sequence
(rCRS) is now the accepted standard for comparison.

Evaluation of Sequence Differences
Between CRS (Anderson et al. 1981) and rCRS (Andrews et al. 1999)

Nucleotide  Reglonof  Original  Revlsed Remarks
Posttion mitGenome  CRS CRS

3106-3107  1651RNA €€ Error
3423 D1 Error

4985 ND2 Erar

9550 <o
1335 NDa Errar
13702 ND5 Error

14199 nNDE

<
T

A

4 Errar
4

c

T Error
c

0 0 0 4 @ o o

1zr2 DS Ermor (bovine sequence

Inserted)

14365 D& G c Error (bovine sequance
Insertec)

14388 NDE G c Erar

14768 th T c Erfor (Hela sequance
Inserted)

Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Table 10.3, ©Elsevier Science/Academic Press

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Further Comparison of CRS and rCRS

No differences seen between CRS and rCRS
within the mtDNA control region.

The original CRS contained a “CC” at
positions 3106-3107 but rCRS was found to
possess only a single “C”

3100 3106 3108

¥ vy
TATCTACCTT original CRS
TATCTAC - TT Revised CRS

Thus, rCRS is only 16,568 bp!
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Maternal Inheritance of mtDNA

 Fertilizing sperm contributes only nuclear DNA.

* Cellular components including the mitochondria in the
cytoplasm come from the mother’s ovum.

« Any sperm mitochondria that may enter a fertilized egg
are selectively destroyed due to a ubiquitin tag added
during spermatogenesis.

« Barring mutation, a mother passes her mtDNA type on
to her children.

Maternal Inheritance of mtDNA

Note that mtDNA is not
unique to an individual

MIDNA Haplotype Groups:
1

2,36,8,11,13,15,16
49,10

7
12
14,17,18

Summary — mtDNA Characteristics

» High copy number of mtDNA.

Maternal inheritance of mtDNA.

« Lack of recombination.

« High mutation rate compared to single copy
nucDNA.

Methods for Measuring
mtDNA Variation
Low-resolution RFLP (1980s)

High-resolution RFLP (1990s)

Sequence analysis of HV1 and HV2 within
control region (1991-present)

Sequence analysis of complete mtDNA
genome (2000-present)

Mitochondrial DNA Sequencing
in Forensic Casework

Issues and Examples

Candidates for mtDNA Testing

« Shed hairs lacking root bulb or attached tissue

* Fragments of hair shafts.

« Aged bones or teeth that have been subjected to long periods of

exposure.

« Crime scene stains or swabs that were unsuccessful for nuclear

DNA testing.

« Tissues (muscle, organ, skin) that were unsuccessful for nuclear

DNA testing.

Terry Melton — International Symposium on the
Application of DNA Technologies in Analytical Sciences

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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mtDNA Testing on Hairs

* Human hair shafts contain very litle DNA but because
mtDNA is in higher copy number it can often be
recovered and successfully analyzed

* Melanin found in hair is a PCR inhibitor

Important Publications:

« Wilson, M.R,, et al. (1995) Extraction, PCR amplification and
sequencing of mitochondrial DNA from human hair shafts.
Biotechniques 18(4): 662-669.

— Tissue grinding method described by FBI Lab

« Melton et al. (2005) Forensic mitochondrial DNA analysis of 691
casework hairs. J. Forensic Sci. 50(1): 73-80.

— Obtained a full or partial mtDNA profile for >92% of hairs

March 13, 2006

The Mitotyping Experience

Terry Melton," PhDb.; Gloria Disick.! M.S.: Bonnie Higgins,! M.3.; Lynn Lindstrom ' B.5.
and Kimberiyn Nelson," Ph.D.

Forensic Mitochondrial DNA Analysis of
691 Casework Hairs™
Journal of Forens:c Sc:ence (2005) 50(1): 73-80.

1)

tested
Extract mtDNA Extract mtDNA | Performed separately
from evidence from reference and preferably
(Q) sample (K) sample after evidence is
Process for completed
Evaluation PCR Amplity PCR Amplify
of mtDNA HV1 and HV2 Regions HV1 and HV2 Regions
Samples

Sequence HV1 and
HV2 Amplicons
(both strands)

Sequence HV1 and
HV2 Amplicons
(both strands)

v

Confirm sequence with
forward and reverse strands

Confirm sequence with
forward and reverse strands

Note differences from Anderson
(reference) sequence

Note differences from Anderson
(reference) sequence

Question Reference
Sample Compare Q and K Sample
sequences
Compare with database to
determine haplotype frequency
Figure 10.4, J.M. Butler (2005) F ing, 2 Edition © 2005 Elsevier Academic Press

PCR Amplification of mtDNA

Usually performed with 34-38 cycles

Some protocols may go to 42 cycles for highly
degraded specimens

PCR Amplification of mtDNA

3 5
TTTITTTITTTT I ITTIT T TTTTT T I T T T
96°C

5 3

Denaturation

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

PCR Ampilification of mtDNA

Taq Polymerase

3 5

TTITTTTINTTTITTI T T TITTTTTT I TTTTT T
-OH

5

Forward Primer ‘ | ‘ |

‘ ‘ dNTPs ‘ Reverse Pr\m?r
Ho. o
il
5 3
Primer Annealing
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PCR Amplification of mtDNA

|
Forward Primer |
\ | oNTPs | \ Reverse Primer

m}\\H\H‘HHHHHHHHHHHHs

5 3

Primer Extension

PCR Amplification of mtDNA

3 5
TTTTITTITTT T T TTI T TTTTITITT T
L e e P
5 3
3 5
TTTTITTITTT T T T TT T TTTTITITT T
L e e e e e e e e e e e
5 3

Two Exact Copies

VR1 VR2
P —
342 bp reseant 268 bp 137 bp
\ HVA HV2 | [hwa]]
16024 o 16365 * 73 o 340 438 574
o* 16519 o
ngsg PSI (263 bp) F15  PSIlI (271 bp)
< - <
R16251 R285
F16190 PSII (221 bp) F155  PSIV (227 bp)
o R<3g1
R16410 .
AFDIL primer set
MPS1A (170 bp) MPS3A (126 bp)
MPS1B (126 bp) MPS3B (132 bp)
MPS2A (133 bp) MPS4A (142 bp)
MPS2B (143 bp) MPS4B (158 bp)
AFDIL “mini-primer” set
Figure 10.3, J.M. Butler (2005) Forensic DN 1g, 2% Edition © 2005 Elsevier Academic Press

Process for Evaluation of
mtDNA Samples

Shaft (Telogen)

- DNA Extraction Ui

PCR Amplification

PCR Clean-up

‘/NA Sequenci@) -~ % {EXOISAP}

Centricon

Science of DNA Sequencing

* Fred Sanger — developed the dideoxy method
of sequencing in the 1970s... still used today.

o 0 o
| | | s
HO—P—0—P—0——P——0——CH,
‘ ‘ | o Nucloatide Base’7°.
S N Y
\ o/

dideoxyNTP ;
(ddNTP) ~ L L

Sanger Sequencing

DNA template 3’ -TAAATGATTCC-5' 20
5 _} ......... ’31 AT@
ammosls mTe
ATTT@
Extension produces a series of ddNTP ATTTA®
terminated products each one base different ATTTAC®
in length ATTTACT ®
ATTTACTA®
Each ddNTP is labeled with a / ATTTACTAA®
different color fluorescent dye ATTTACTAAGO
ATTTACTAAGGO
ATTTACTA AGG
270 2|

Sequence is read by noting peak color in
electropherogram (possessing single
base resolution)

Figure 10.5, J.M. Butler (2005) Forensi ing, 2° Edition © 200

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Why the Redundancy?

» Homopolymeric stretches of Cytosines (C-
stretches).

16189T

HV1 AAAACCCCCTCCCCATG
5Cs J4Cs

16189C
Strand slippage can

AAAACCCCCCCCCCATG ™ create 11+ tandem
| —— Cs
10Cs

(two length variants out of phase)

HV1 C-stretch

Figure 10.7, J.M. Butler (2005) Forensic DNA Typing, 2™ Edition © 2005 Elsevier Academic Press

Primers Used for Control Region
Ampilification and Sequencing
SN 1: [T ! + |l ] ! ! T !c\\'
e | -
[ ‘I
{
(fl--—l [ - : o= :
C
< T :?)
Mitochondrial DNA con;rnl region sequences from Nairobi
(Kenya): inferri i for the
of a forensic database
Challenges with Sequencing Beyond the
Polymeric C-Stretches in HV1 and HV2
(A) 161897 Good quality sequence
'.I IV VIV AWV TWWIYEVY SV I."|'..| '.-.l:..
(B) Poor quality sequence

Challenges with Sequencing Beyond the
Polymeric C-Stretches in HV1 and HV2

Primer strategies typically used with C-stretch containing samples

C-stretch

Use of internal primers

C-stretch

Double reactions from the same strand

Figure 10.7, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

HV2 C-Stretch

310T

C A 8 8 [ [ hd L _C 4 14 h S S -
T ChAAECELEE L CC T CC¢E¢EtC 6¢C 1 11
A f i f\ N A n n
fionononf Va A AR AAANR AR A \
Aan AN ARKAARAAARARA A AN A AR
AVAVATAVAVAVAVAVAVATAVAVAVATAVAVAVAVAVAVAVATAVAY

7Cs 6*Cs

*The rCRS has 5 Cs in this region

Process for Evaluation of
mtDNA Samples

Shaft (Telogen)

p—

DNA Extraction Ui
PCR Amplification

PCR Clean-up

Interpreting and . {EXO/SAP}
Reporting of Results *~ DNA Sequencing %

Centricon

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 10
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Interpreting and Reporting
MtDNA Results

March 13, 2006

Data Review and Editing

R
gsmuwut{fﬂ S

Wersion 4.1 4819

Data Review and Editing

Data Review and Ed|t|ng

CRETRTBOCT TRBOCEET CETTERICHIONT T TRRAT TER
ACTATO:CTTAG:CCCT ARA JCCT SERAC ROTT 1Al

AINE TN TEOBECABIRACE

LINET RSREL— L ™
ENETRTBOCT A ARCCT T GGG T T
. . R

i ||mrro|n<n|lquI000I]

ST Pt T 44 oA HEE

! i et ¥ T A R & T ¢ A & 66
'I T R \ L N B 6T T T A A R T TC A AT A A E

Poor resolution at the end of long fragments

HI1_F34.L1=1=12a81 BE
J [ i = SR | o T | e |
e e
i ip
o Trimming of data (pr_imer sequences too) ‘
-
s
e
-
Data Review and Editing

TACTACTAATCTCATCARCACAGCCCCCGCCCATCCTRECCAGE:

TACTACTARTCT! CRRCACAGCCCCCOCCCATCCTRECCAGE

rCRS—mctnetnniere GECCNT O T RGEENGE

TaT
TE e e TR e

e Differences from rCRS

are noted by the software
Chromatograms from Contig[O001]
)IH!‘III‘III mlrwlh e I Tace 104 of 218
L A _R_C C A & ¢ € C ¢
I CH HC H CH & L C C C©

f\ . f"‘l A o / rl
AW

B B~ il sk b
[4 CA L

. =l

Data Review and Editing
e T

II{| I'\ f.
E.\/f\.‘-_\‘ \A y .L‘llell lIKJ l“\

AGCACACACAC :C:GCTGCTAACC
AGCACACACAC :C:GCTGCTARACC

AGCACACACACACCGCTGCTAACE
“Insertions due to

ambiguities”

L LE
HGCFICF!CF!CFIC C GCTGCTHHCC

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

11
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Data Review and Editing
f | A Moa

/ / { '
{ AEAREE TR \ \/
WOV TEETCT-T- T2 08T Trigment Sate T152 Dage 152 of 1L
1] L A ¢ 8 [ ] L i i e [ I _ G _C
LS T S S R R
N i

| Nl Wy
AYAY A WA
Y YV l". AN i:’ AV 'II lt Ry
AGCACACACAC :C:GCTGCTAACE
AGCACACACAC :C:GCTGCTAACC

AGCACACACACACCGCTGCTAHACE

“Insertions due to
ambiguities” ) 1526
AGCACAHCAHCAHC =

March 13, 2006

Data Review and Editing

/ f | \ f 1/
iy VY \ y \/ J:I \
- :

) ) L)
TP T T TR T o TR T T T
g c A ¢ A ¢ A ¢ lgie £ T 3 g
C A C A C A C C ﬁ' C T &6 C
f f fi
N
an i
AVAVAVAVAWIY RPN A
SRVIRTERTESY ER W ALY B VA
AERSIRY. YL AV W Y

AGCACACACAC :C:[GCTGCTARACE
AGCACACACAC (CQ:|GCTGCTAACT

AGCACACACACACGKGCTGCTAACE
“Insertions due to

ambiguities”

1526

Data Review and Editing

AGCACACACAC :CGCTGCTAHACE
AGCACACACAC :CGCTGCTAACC
HGCHCHCHCHCHHGCTGCTHHCC

1@ | FFE
AGCACACACAC

AGCACACACAC : 2CGCTGCTARAC
AGCACACACAC : sCGCTGCTARCH
AGCACACACACACCGCTGCTARCH

T8 | 5 | 5
AGCACACAC A

Data Review and Editing

CCCTCCCCATACCCAAL : CCCCTEETCAACE TCARCCTAGGE!
CCCTCCCCATACCCAACGNGLCTBETCARCE TCARCCTAGEC!
CCCTCCCCATACCEAAC : CCCCTEETCARCE TCARCCTAGEE!

3570 | EEET) Te590 | |
CCCTCCCCATALCCAAC sCCCETGETCARCE TCARCCTAGEE!
e

wromatograms from Contig[0002]
T0BZ-1-07 3b1 Fragment baze #150 Baze 15
Aciec o Cc ¢ ¢ T

C
T T 3a @ 3a 0 @

R primer — great data!

5447 BZ-1-07.ab1 Fragment base 385. Base 85 of
c c T

431
L 6H G T
CGN G G T

Small dye blob ~80bp into F
primer creates ambiguities

Data Review and Editing

CECTECCCATACCCARE (CCCCTGEETCAACCTCARCC TAGGE!
CCCTCCCCATACCCARCEHBLCTERTCAACCTCARCC TAGGE!
CECTEECCATACCCARE :CCCETEETCAACCTCARCE TAGGE!

LTI = L= T LER)
CRETECCCATARCLARG (ECEETEBTCARCE TEARCETAGEC
R AAC . CCCC hidd

F AACGNGCCT wromatograms from Contig[0002]

JOEZ-1-07 301 Fragment base 7150, Hase 150 of 45,
A Cc:iCc C C Cc T &

rcks AAC : CCCCT R R R T

Z44T B2 1-07.ab1 Fragment base ¥85. Base 85 of
C C T G &

431
CGH G T
CGMN G 6 T

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Data Review and Editing

CCCTECCCATACCCAAL : CCCCTBETCARCE TCAACC TAGGC!
CCCTCCCCATACCCAACGNGCCTEETCARCE TCARCCTAGEE!
CCCTECCCATACCCAAG : CECETEETCARCE TCARGETAGGE!

TETD LIEEET RN (5 LT <
BT CCCCATACEL AL =EEEET B6TCAACETEARCETABEE!
R AA. CCCC I e

F o AA NGCCT wromatograms from Contig[0002]

TOEZ-1-07 307 Fragment base #150. Base 150 of 996
A oCcic o C C o C T &

rcks AACI:|ICCCCT =555+ 5 75 575

Delete without
affecting the sequence

%34T B2-1-07 ab1 Fragment base ¥85_Base 85 of 431
C AR A CGH G C cC T T
>R C6N 6 C C T 6 T

12
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Data Review and Editing

CCCTCCCCATACCCARCECCCTGETCARCCTCARCCTAG
CCCTCCCCATACCCARCECCCTGETCARCCTCARCCTAG

CCCTCCCCATACCCAPEECCCTOETCARCCTCARCCTAG
ggg?::ccn;gs CF!F!CCCCIE?ggTCHHCCl?EggCCTHG

F AA CT |rnmatng/am§frnmCnntiq[DDﬂZ]
rcks AACGCCCT

i 3271—?1 b1 Fragment baze #1945 Base 149 of 455
: A/A © Cc C o T 6 G T

Change to “C”

Z1.52-1-07.3b] Fragment baze 704, Base 84 of 450
z A_Cy € C © C T G G

LA
B GN G C C T [3

Changes recorded in pink

Reporting Differences from rCRS

TAETACTARTCTEATCARCAGRBCCOCCGOECATEETACEERGEE  Point Mutations are
TRETACTAATCTCATCARCACABCCCCCOCCCATECTACCCAGEE

listed as differences
rCRS——>TACTACTARTCTCATCARTACARCCECCGLECATCETACCEAGE

from the rCRS

78 | EET T36 L L]
TACTACTAATCTCATCRARCACABCCCCCGCECATCCTACCEAGEE
o e

Chromatograms from Contig[0001]

489 T-C
31%.:|-1R-w2.§m :agmecni b;se |£.|4 Eéseﬁl; uvgés N
A A C AR CAH 6 C CC C 493A'G

=[]
L

=l

RUTFZ&1 L1-1-1Z.3b1 Fragment base 795, Baze 75 of 205
C A A T A C R G C C_C
CA ACA CA G C CC I

AN

Reporting Differences from rCRS

* Insertions and Deletions (Indels)

310 T
C A 8 8 [ hd £ _C [ 4 [ T I _G
T C #h AHALCCCCCCCCT CCCCCC 6L T 1 €1
J'.'f |,"-|',.'i|1|I ,'l||."||,‘||. 'r'.-";i.", AW !,".I N
Y IATRVETATAIS! IR IRTBTATATAVATAY !
7 Cs 6* Cs

*The rCRS has 5 Cs in this region

Reporting Differences from rCRS

310 T
c A £ _C 4 ] [ T I_&
[ TCcecttC 6 1 1 1
i N hop P
AN INAYARARATIWIY:
.'"‘.' / \ '.!'I',j', "\,"II" ] A
7Cs 6* Cs

—
Sequence AAACCCCCCCTCCCCCCGCTT
rCRS AAACCCCCCCTCCCC(;GCTTC

& A
303 310 315

Reporting Differences from rCRS

SR
Sequence AAACCCCCCCTCCCCCCGCTT
rCRS AAA(;)CCCCCCICCCCQGCTTC

303 310 315

Sequence. AAACCCCCCCTCCCCCCGCTT
CRS AAA(;)CCCCCCICCCCQ: GCTTC

303 310 315

315.1C

Reporting Differences from rCRS

* Whatif....

N
Sequence. AAACCCCCCCTCCCCCCCGCTT
rCRS AAACCCCCCCTCCCC(;GCTTC

& A
303 310 315

2 additional Cs after 315?

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Reporting Differences from rCRS
* What if....

—
Sequence. AAACCCCCCCTCCCCCCCGCTT
rCRS AAACCCCCCCTCCCCQ :: GCTTC

X 4
303 310 315

315.1C
315.2C

March 13, 2006

Deletions

» Deletions — report the position and bases
deleted...

AGCACACACAC : SCGCTGCTARACH
AGCACACACAC : sCGCTGCTAACH
rCRS AGCACACACACACCGCTGCTAAC

| EFE

523 A-del
524 C-del

Nomenclature Issues

Wilson, MR et al. (2002) “R dations for consi: t tr t
of length variants in the human mitochondrial DNA control region.”
Forensic Science International 129(1): 35-42.

1. Use the least number of differences

2. Prioritization of indels > transitions > transversions

Transitions Transversions
A-G AT
C-T A-C
G-T
G-C

(Purine-Purine)

(Purine-Pyrimidine)
(Pyrimidine-Pyrimidine)

(Pyrimidine-Purine)

3. Indels placed at the 3’ end with respect to the light strand

Nomenclature Issues

Wilson, MR et al. (2002) “Recommendations for consistent treatment
of length variants in the human mitochondrial DNA control region.”
Forensic Science International 129(1): 35-42.

1. Use the least number of differences
2. Prioritization of indels > transitions > transversions

Sample TTTA :CCCAT 41.a

rcRs TTTTGCCCAT 5G-del
Sample TTTACCCAT

rCRS TTTTGCCCAT
1 10 Sample TTT: ACCCAT 4 T-del

1cRs TTTTGCCCAT °€*

3. Indels placed at the 3’ end with respect to the light strand

Nomenclature Issues

Wilson, MR et al. (2002) “R ions for consistent treat t
of length variants in the human mitochondrial DNA control region.”
Forensic Science International 129(1): 35-42.

1. Use the least number of differences
2. Prioritization of indels > transitions > transversions

Sample TTTA :CCCAT 41

rcRs TTTTGCCCAT 5 G-del
Sample TTTACCCAT

rCRS TTTTGCCCAT
1 10

Sample TTT: ACCCAT
rCRS TTTTGCCCAT

3. Indels placed at the 3’ end with respect to the light strand

Nomenclature Issues

Wilson, MR et al. (2002) “Recommendations for consistent treatment
of length variants in the human mitochondrial DNA control region.”
Forensic Science International 129(1): 35-42.

Reconmendation for

Further Discussion of the Consistent Treatment of Length Variants in
the Human Mitochondrial BNA Contral Region

Wilson, MR et al. (2002) Forensic Science Communications

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 14
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March 13, 2006

Nomenclature Issues

Sequencher
. Initiated by Jennifer O’Callaghan,
a]llng Gui AFDIL. Presented at the Promega
C e HID Symposium, 2004.

Gives examples along with EPGs

—s===13

POP Quiz!!!

ATACAACCCCACCCAT
rcRs ATACAACCCCCACCCAT
488 504

ATTGATGTC ATTGAAATGTC
rcRs ATTGAATGTC rcRs ATTGAATGTC
244 253 244 253

CATAACAAAATTT
rcRs CATAACAAAAAATTT
280 294

Th Amed Forces ONA entfication Labortoy
POP QuizZ!!!
TGGCACTTTTCGTCT
1cRs TGGTATTTTCGTCT
52 65
TATCTTTCGT TATTTTTCGTCT
1cRs TATTTTCGT 1cRs TATTTTCGTCT
55 63 55 65

AAACCCCCCCCCTCCCCCCGCT
rcRs AAACCCCCCCTCCCCCGCT
300 318

Nomenclature Issues

» Consistency is needed — especially for
database searches.

513
Lab01 Sample GCACACACACACACCGCT
rCRS GCACACACACACCGCT

Lab02 Sample GCACACACACACACCGCT
rCRs GCACACACACACCGCT

Lab03 Sample GCACACACACACACCGCT
rCRs GCACACACACACCGCT

Nomenclature Issues

« Consistency is needed — especially for
database searches.

513
Lab01 Sample GC| Cl ACACCGCT 5241A
rCRS GCACACACAGCAC:: CGCT 524.2C
D[016/6 6]
C

Lab02 Sample Gl CACACACCGCT 523.1C
rCRS GICAC CACA: : CCGCT 523.2A
1 3

DOOBO)
Lab03 Sample GCACACACACAGACCGCT 514.1A
rCRs GC :: AGA ACACCGCT 514.2C
DI@BI@KE

Nomenclature Issues

Lab 01 Lab 02 Lab 03
16519 T-C 16519 T-C 16519 T-C
263 A-G 263 A-G 263 A-G
315.1C # 315.1C # 315.1C
524.1 A 5231C 5141 A
5242 C 5232 A 514.2C

Each lab submits 20 sequences above into the population DB (N=1000)

Lab04 ——— Will match the 20 samples submitted by Lab 01

16519 T-C

g?g ?_g Apparent Frequency = 20/1000 (0.02)
524.1 A True Frequency = 60/1000 (0.06)
5242C

Underestimation of the true frequency

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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March 13, 2006

Interpretational Issues - Heteroplasmy

» Heteroplasmy — the presence of more than
one mtDNA type in an individual (Melton
2004).

» Once thought to be rare, heteroplasmy exists
(at some level) in all tissues (Melton 2004).

» Especially important in hair analysis (semi-
clonal).

Heteroplasmy

» Some interesting papers (forensic focus)...
« Melton, T. (2004) Mitochondrial DNA heteroplasmy. Forensic Science

Reviews 16:1-20.

« Calloway et al. (2000) 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.

« Stewart et al. (2001) Length variation in HV2 of the human mitochondrial
DNA control region. Journal of Forensic Science 46(4):862-870.

« Sekiguchi et al. (2003) Inter- and intragenerational transmission of a
human mitochondrial DNA heteroplasmy among 13 maternally-related
individuals and differences between and within tissues in two family
members. Mitochondrion 2(6):401-414.

« Salas et al. (2001) Heteroplasmy in mtDNA and the weight of evidence in
forensic mtDNA analysis: a case report. Int J Legal Med. 114(3):186-190.

« Tully, L et al. (2000) A sensitive denaturing gradient-Gel electrophoresis
assay reveals a high frequency of heteroplasmy in hypervariable region 1
of the human mtDNA control region. Am J Hum Genet. 67(2):432-443.

Interpretational Issues - Heteroplasmy

» Two types: Length (most common) and Point

Heteroplasmy. outof haser

Sequence 1 AAACCCCCCCCCTCCCCCCGCTTC
Sequence 2 AAACCCCCCCCCCTCCCCCCGCTTC

CRS AAAE)CCCCCC o :ICCCCCCECTTC
303 310 315

Sequence 1 has 9 Cs before 310T
Sequence 2 has 10 Cs before 310T

HV2 Length Heteroplasmy

Dr.

Cintia Friedman, Sao Paulo, Brasil

“Out of phase!”

1
Sequence 1 AAACCCCCCCCCTCCCCCCGCTTC
Sequence 2 AAACCCCCCCCCCTCCCCCCGCTTC

Double coverage is important to determine sequences
surrounding HV1, HV2, HV3 C-stretches.

Point Heteroplasmy

“Y” Pyrimidine “Hotspot” for heteroplasmy
16093 «—
(cIm

T & T & T & T | |T © G T & © & T

LA e

T & T & T a4 T T |T & & T a4 o a T

Figure 10.9, J.M. Butler (2005)

ing, 2° Edition © 2005 Elsevier Academic Press

Origination of Heteroplasmy

Ovum — 100K k2. hottlenack
mitochondria

| o

Zona pellucida f

Very little mito _r ) i .| :
growth until —_— . . ey | o
implantation Fertiizad Blastocyst . ® " o = 7 |
Females — produce Mature 00cyt96 ._5’ !

~7 million ova during
fetal development
only a few hundred
become mature
oocytes s in Gt

Chinnery et al. (2000) Trends in Genetics

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Origination of Heteroplasmy

Bergstrom and Pritchard (1998) Genetics

March 13, 2006

Heteroplasmic Variation

Heteroplasmic variation among family members

Generations

’-. Buccal Swabs
. X

3 O C

3SA 3VA 3¥B 34B 34D 34D 3FD

L B
16291
[

Sekiguchi et al. (2003) c

Heteroplasmy in Hairs

Cysonines Before Pasition 119 T

Tackivichual Samply Major Component Mincr Compuonmi Tope
Tz Blood sampe €18,
| bar BCs 9 CTC,
™ e,
Aand ¥ Cs s CTC.
(&% a9
1 Tand & Cx CTC,
CTC,
11 [s CTC,
Blood + 1 hair ~ CgTCq
Stewart et al. (2001) C,TCq
Length variants in HV2 alone should not be 1 hair C7TCs
used to support an interpretation of exclusion.
PP P 1 hair CoTCq
C,TCy
C1oTCs

Heteroplasmy in Hairs

TABLE 2w i observations of oplaseny in 691 huais.
Heteroplasany Oxtuer Matched K or O Sample Nucheotide Presern
Ponition® in Cane for Comparison® i Compusiten Sample

st 74 hairs CRS wall T

a8 3 ased 1 K hsars CRS imall 4

10 Mo

1% N .

15 N .

15 20 haies and | K e Al 3 By havee T heseroglusnny

I 1 hair and | K bioadd Btk have A {subtiution from CRS

Melton et al. (2005)

78 observations of point heteroplasmy in 691 hairs (11.4%)

Heteroplasmy in Hairs

Sekiguchi et al. |

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Heteroplasmy in Hairs

3uccal Swab ,
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Heteroplasmy Detection

« Detection of heteroplasmy — sequencing can
detect only to ~10% level.

* Other methods (e.g. DGGE) are much more
sensitive.

March 13, 2006

Famous Case Involving Heteroplasmy

Identification of the Romanov Remains
(the Last Russian Czar)

Louise of
toere
16169T/C :

Georgij
Romanov

Tsarina

Tsar
Nicholas Il Alexandra

D Mitotype Prince Philip
ngsg e
16169T 16357C
ot e
Sfir 16296T 315.1C
736

2830 | SOURCES: Gill et al. (1994) Nature Genetics, 6, 130-135.;
- Ivanov et al. (1996) Nature Genetics, 12, 417-420; Stone,
R. (2004) Science, 303, 753.

D.N.A. Box 10.2, J.M. Butler (2005

ving, 2 Edition © 2005 Elsevier Academic Press

AFDIL - Confirmation of FSS

10 100171597
Louise of
Hesso-Cassel

Georgi .
it Micholas 1T
16169 = TAC
Duke of Fife
16168 =T

Xenia Sfiri-Cheremaeteff
161659 = T

Dr. Thomas Parsons

Interpretation of mtDNA Results

* Once the sequence has been generated (Q
and K), and the differences from the rCRS are
noted, what next?

SWGDAM Guidelines for Mitochondrial DNA (mtDNA)
Nucleotide Sequence Interpretation

(1) Exclusion
(2) Inconclusive

(3) Cannot Exclude (Failure to Exclude)

Interpretation of mtDNA Results

» Exclusion — if there are two or more
nucleotide differences between the questioned
and known samples, the samples can be
excluded as originating from the same person
or maternal lineage.

Sample Q  Sample K

Q TATTGCACAG g (T;(/i gﬁsg ﬁ\g
K TATTGTACGG 263 AG :
315.1C
Exclusion

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 18
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Interpretation of mtDNA Results

* Inconclusive — if there is one nucleotide
difference between the questioned and the
known samples, the result will be inconclusive.

S leQ S le K
Q TATTGCACGG Pl

6T-C 263 A-G
K TATTGTACGG 263A-G 315.1C
315.1C
Inconclusive

March 13, 2006

Heteroplasmic Variation

Heteroplasmic variation among family members

Generabons

Buccal Swabs
| X

Interpretation of mtDNA Results

» Cannot Exclude — if the sequences from
questioned and known samples under
comparison have a common base at each
position or a common length variant in the HV2
C-stretch, the samples cannot be excluded as

originating from the same person or the same
maternal lineage.

Sample Q Sample K
Q TATTGTACGG le2rc  1827C
K TATTGTACGG 3151C  3151C

Cannot Exclude

* How would you interpret these results?

Q TATTGTACAG
K TACTGTACGG

Q TATTGTACGG
K TATTGTACGG

POP Quiz!!!
Sample Q  Sample K
16519 T-C 16519 T-C
9G-A 37-C
263A-G  263A-G
3151C  315.1C

Sample @ Sample K
16519 T-C 16519 T-C
152T-C  152T-C
263A-G 263 A-G
3001C  3151C
315.1C

Sekiguchi et al. (2003) 16291
POP QuUIzZ!!!

» How would you interpret these results?
Q TATTGTACA/GG Sample @ Sample K
K TATTGTAC GG 9GR 263 A-G

- 263 A-G 3151 C
3151 C
Q TATTGTACA/GG SampleQ  Sample K
K TATTGTACG/AG 9G-R 9G-R
- 152 T-C 152 T-C
263 A-G 263 A-G
315.1C 3151 C
POP QuUIzZ!!!
Q TATTGTACGG Sample Q Sample K
K TATTGCACGG 16519 T-C 16519 T-C
- 263 A-G 152 T-C
309.1C 263 A-G
3151 C 315.1C
Sample Q  Sample K
Q TATTGTIACGG 16519 T-C 16519 T-C
K TAT:GT:ACGG S
315.1C 3151 C

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Reporting Statistics

* When “cannot exclude” is the interpretation,
then a statistical estimate is needed in order to
weigh the significance of the observed match

» Counting method is most common approach
used and involves counting the number of
times that a particular mtDNA haplotype
(sequence) is seen in a database

* The larger the number of unrelated individuals
in the database, the better the statistics will be
for a random match frequency estimate.

March 13, 2006

FBI mtDNA Population DB

® ..

mtDNA Population
Database

Fonerias Gimnen Cimmumic ations. Aprd 700 Viskame . Mumber 7

FBI mtDNA Population DB

* mtDHA Population Databaso [J]=

Mode Ede
Profis D

Sexuenced Fngens [Mfseraces baorm Andkeson

[T I =l IEET

Regions
Searched

Pull down
menu for
nucleotide
position

FBI mtDNA Population DB

* mthHA Population Database

Prgtie ID Databgaes
Gl | | [Frmeeic =
Smpmncnd Regers it boen furnionsin v ~
4 Ao Cwbbasn
= I | o Simetn Lo
- T — || |vEau
=i | Ll e ° o Coucanen
r - +Inda
i 1 leoza-leses i % Himeric
[T T L. i Japan
1T ¥ Katea
e w | Thsard
Pull down - ¥ China/T awars
menu for + Giuaen
nucleotide o -
base
Seanch

FBI mtDNA Population DB

[+ mibHA Papulation Database B
Mode Edt

File I Dstans
[ Clo A oG =

Sequenced Pegon: Differances hom Anderion GO A
AroLarbbean

— | EL) - | Siena Leane
I I B e ah
T |
ol
dapen
'_(mea

Enter all PMs
from the
haplotype (:;F siwan,

Guart

L

Havapo -

Letsmn] = |
7

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

FB

mtDNA Population DB

Swwary of Datakases

Datzbase Classification # Profiles
Caucasia ca 5
Total 1655

Overall Match Results

Nurber of Differences

From Search Profile Munber Freq. Cum. Huwn. Cum. Freq.
o 70 0.0423 70 0.0423
1 T IO 241 0.1356
2 218 0.1317 as3 0.2773
3 173 0.1045 632 0.3819
1 195 0.1178 827 0.4997
s 198 0.1196 1025 0.6193
>5 830 0.3807 1655 1.0000

hverage Number of Differences = 4.845

20
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March 13, 2006

FBI mtDNA Population DB

Classification # Profiles

Caucasian origin 1655

1655

~10% of the d

is 1 mutation away from the searched haplotype

Nuxber of Differences
From Search Profile Nurber Freq. Cum. Num. Cum. Freq.

70

0.0423

o 70 0.0423

Average Nurber of Differences = 4.845

Example Calculation of mtDNA Profile
Frequency Estimate

The frequency (p) of observing a mtDNA profile (X) times
in a database having a size of (N) is...

p=XI/N

p =70/1665 = 0.042

A 95% confidence interval can be determined by
using a normal approximation of the binomial

p+ 196 [P (-P)
- N

p+ 196 /% = p+ 1.96(0.0049) = 0.032 and 0.052

Holland and Parsons (1999) Forensic Sci. Rev.

Issues Impacting mtDNA
Interpretation

Challenges with mtDNA

+ Data Interpretation
— Heteroplasmy
— Sample mixtures (Dr. Danielson)
— Other Issues (Pseudogenes, etc...)

* DNA Database Sizes

— Similar issues to Y-STRs but takes longer to
generate mtDNA data than Y-STR haplotypes

+ DNA Database Quality

Nuclear Pseudogenes

* Thoughout history — movement of mtDNA
genes into the nucleus.

* Nuclear Pseudogenes (nuclear-mitochondrial
like sequence numts) — could potentially be
amplified, confounding interpretation.
“Molecular Fossils”

Articl Genome Research (2002)

Pattern of Organization of Human Mitochondrial
Pseudogenes in the Nuclear Genome

Markus Waischnik and Carlos T. Moraes'
Department of Mesrology, University of Adiami-School of Medicins, Mt Fords 33124, 1AL

Nuclear Pseudogenes

A
wlfd Chromosome 11 — “Control Region”
p
L
w | g "
i | .. i
- i i
[ L]
g . " §
s B ko
K H e &
e B el LE
i E FLE ¥
' . G i 3 "B q LY . l
L T T T T T R e I I T T
hromencma

Woischnik and Moraes (2002)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 21
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Nuclear Pseudogenes

» Typically — numts are not a problem for
forensics — mtDNA high copy number

» “Mitochondrial DNA pseudogenes in the
nuclear genome as possible sources of
contamination” - Goios A, Amorim A, Pereira L.
ISFG meeting in the Azores, 2005.

« Extraordinary measures to observe a numt
(Possibly seen by Grzbowski 2000 — nested
PCR ~ 60 cycles).

March 13, 2006

mtDNA Recombination

» Adam Eyre-Walker and colleagues - proposed
that paternal contribution of mtDNA has
caused recombination.

» Some of their assumptions along with the data
that was analyzed have been wrong (more
tomorrow).

mtDNA Population Database:
Size and Quality of Information

» Population databases are critical for estimating
expected frequencies. The more, the better.

Database # Profiles
African-American 1148
Afro-Caribbean 0
Sierra Leone 109
Caucasian 1655
Hispanic 686
Japan 163
Korea 182
Thailand 52
Navajo 146
Apache 180
Egypt 48
China/Taiwan 356
Guam 87

India 19 +—
Pakistan 8 +—
Total 4839

mtDNA Population Database:
Size and Quality of Information

* Recently — mtDNA database quality has
become an issue...

H.-J. Bandelt - F. Lakermo - M. Richards - V. Macaulay

Detecting errors in mtDNA data by phylogenetic analysis

Artificial recombinations and phantom mutations plague
the quality of mtDNA data in population genetics,
forensics, and clinical studies

mtDNA Population Database:
Size and Quality of Information

* Bandelt et al. (2001)

“In order to meet high-quality standards in forensics, sequencing should
be performed in both directions (Bar et al. 2000). It is then important to
read the two series of outputsseparately (against the CRS) and to
transform either series into a data table independently, preferably of
different formats (motif vs dot table); finally, the two tables should be
compared by computer.”

mtDNA Population Database:
Size and Quality of Information

Problems in FBl mtDNA

Database
Bandelt, Salas, and Bravi (2004) Science

Found 5 examples of artificial recombination among the
1148 African Americans in the database

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 22
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mtDNA Population Database:
Size and Quality of Information

P

§

FLSEVIER

A call for mtDNA data quality control in forensic science

Yo G A, Bravi®, Ha el

o

SWGDAM mtDNA database - USA.AFR.000942

HV1 HV2

16126-16187-16189-16223-16264 73-249d-263-290d-291d
16270-16278-16293-16311-16519 309.1C-315.1C-489

March 13, 2006

mtDNA Population Database:
Size and Quality of Information

At

§

FLSEVIER

A call for mtDNA data quality control in forensic science

M. Bravi®, Ham-Jarpen Bandeh™

e of ol o ket i, s s of St Chos Ao o dewss

SWGDAM mtDNA database - USA.AFR.000942

HV1 HV2

16126-16187-16189-16223-16264 73-249d-263-290d-291d
16270-16278-16293-16311-16519 309.1C-315.1C-489

African haplogroup L1b Asian haplogroup C1

mtDNA Population Database:
Size and Quality of Information

* Phantom mutations — Bandelt et al. (2002);
Brandstatter et al. (2005).

» Phantom mutations are systematic artifacts
generated during cycle sequencing. These
can be created by either the sequencing
chemistry, the automated sequencer, or lab
procedures.

» Single-strand sequencing (e.g. F only) is highly
susceptible to generating phantom mutations.

mtDNA Population Database:

strumants, PCA-purScation peocedurss pcrg chemistr

Size and Quality of Information

dRhodamine Terminator Cycle Sequencing Kit

Brandstatter et al. (2005).

mtDNA Population Database:
Size and Quality of Information

Tabds 5. Hapictypes truncated fo po
330, 383, and 345 as chsern

o
c N N
s o s
T 1 a
N 1 o
- . 2 HV2 phantom mutations
N Fa Q
o Q N L
" 0 M Post C-stretch ambiguities
h 3 a
y N 4 a
T 1
N N % a
N r 1 a
NN | a
N L 2 1]
N N 3 a
N N N 1 a
N N 1 a
WOoWa o
@ 7 Brandstatter et al. (2005)

mtDNA Population Database:
Size and Quality of Information

Forward Strand 317N 330N
v

M
TTTCCACCAAACCCCCCCCTOCCCCCONTTCT OOO0CACACGHACT TAAA

5

| II\ .I II.I. \-'-J.[II afi A s g8 i it
Aot M o
»_d.:l . L. V.Y SN w“,,_\AJ“LL.Li-f'-. Ao ',L.f A,
330N 317N
: o lrlll ‘I 0CCAGAADCOOOG0 G:.ﬁos':':'m':
Reverse Strand ".I.-"v:'u || it |.I |I_-"I I ,-"| v \ M s A |I '-”lvr.vlru”'._a‘ W\
L :’ UL jl { \}.‘ f”' ™ 1”

Dr. Cintia Friedman, Sao Paulo, Brasil

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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mtDNA Population Database:
Size and Quality of Information

» Recent efforts to increase DB sizes and quality
have been undertaken by the NIJ (Grant to
AFDIL Research Section) for entire control
region sequences.

« EDNAP Mitochondrial Population Database
(EMPOP) — developing QC tools to check
sequences, including the ability to see
electropherograms of all polymorphisms.
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