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Data Review and Editing
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Data Review and Editing
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Data Review and Editing
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Data Review and Editing
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Data Review and Editing
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Data Review and Editing
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Data Review and Editing

AGCACACACAC :CEGCTGCTARCC
AGCACACACAC : C

GCTGCTAACC

AGCACACACAC : sCGCTGCTRAC
AGCACACACAC : sCGCTGCTRAC
AGCACACACACACCGCTGCTAAC

1@ | EFL | EEEE]
AGCACACACAC = =CGCTGCTARAD

November 1, 2006

Data Review and Editing

CECTECCCATACCEAAG : CECCTEGTCARCE TEARCETABGE!
CCCTCCCCATACCCAACGHGCCTEGTCARCCTCAACCTABGC!
CECTECCCATACCEAAG : GECCTBOTCARCE TEARCETABGC!

578 LEEE 15500 L T3E
CECTLCCCATACCEAAG sCCECTROTCARCE TCAACETABAC
e

wromatograms from Contig[0002]
0.BZ-1-07 201 Fragment base #150. Base 150
C A A Ccrc L £ oCo T

T T a a a2 @ a A3

R primer — great data!

34471 BZ-1-07 ab1 Fragment base #85_Base 85 of 431
C A A CGEH G C C T G G T
R C6N 6 C C T 6T

Small dye blob ~80bp into F
primer creates ambiguities

Data Review and Editing

CCCTCCCCATACCEAAL :ECCCTEETCAACCTCAACCTAGGE!
CCCTCCCCATACCCARCBNGLCTEETCAACCTCRACCTAGRC!
CCCTECCCATACCCAAL :ECCCTEETCAACE TCAACC TAGGE!

=] TeTe | EFF]
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A A wromatoegrams from Contig[0002]
F CGNGCCT 152 T-07 201 Fragrent base <150 Gase 150 o7 45

icks AAC: CCCCT 5555+ +3
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B
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5347 BZ-1-07.ab1 Fragment base 285, Base B9 0f 431
C C T 6 6 T

LGN G
CGN G C C T G T
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Data Review and Editing

CECTECCCATACCCAAE :BCCETEETCAACETCAAGETAGGC!
CCCTCCCCATACCCARCGHGLCTEETCAACCTCAACCTAGEC!
CECTGCCCATACCCAAL :BCCETEATCAACETCAAGCTAGAC!

T LEEE W55 L) -

F AA NGCCT wromatograms from Contig[0002]

JOEZ-1-07 ab1 Fragment base #150. Hase 150 of 456,
C A A C:C C ©C C T &

rcrs AAC]:[CCCCT ST T o s e 0 s A3 3 h o

Delete without

affecting the sequence > T-07 b1 Fragment bace 285 Bass B5 o7 431
c’c T e oT

C OGN G
C6N G C C T 6 T

Data Review and Editing

CCCTCCCCATACCCARCCCCCTGETCARCCTCARCCTAG
CCCTCCCCATACCCARCECCCTGETCARCCTCARCCTAG
CCCTCOCCATACECARECCCCTOETCARCCTCARCCTAG

Ts500 | EFER
CARCACCCTORTCARCETCARCCTAS

7578 |
rR AACCCCCT CLCTREOCATAG
F AACCT |rnmﬂtn9/ﬂm§ from Contig[0002]

i0Ez yabi Fragment baze =145, Bare 143 of 495
z A C C . c T 6 o

rcks AACCCCCT 5 5 s

T 2 9 2 2 @

T
J R

Change to “C”

1 EZ-1-07.ab1 Fragment baze »64. Base 54 of 430
T B A L. T C C € T G G
B CGN 6 C C T

Changes recorded in pink

Reporting Differences from rCRS

TACTRCTARTCTCATCARCACABCCCCCOOCCATCCTACEEASST  Pojnt Mutations are
TRCTACTARTCTCATCARCACABCCCCCOCCCATECTACCCAGEE

listed as differences
FCRS—*TRCTRCTARTCTERTCARTACARCCCECGCECATEE TACELAGES

from the rCRS
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Chromatograms from Contig[0001 489 T-C
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ROTF561 C1-1-12.3b1 Fragment base #95. Baze 95 of 505
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A
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Reporting Differences from rCRS

* Insertions and Deletions (Indels)

*The rCRS has 5 Cs in this region

Reporting Differences from rCRS

310T

-

£
=l
)
)
@

.’ -\.|lllh|lll.l||lllll‘| '|,-I.n,|.\|;|‘|f, iy M"l

7Cs 6* Cs

N
Sequence. AAACCCCCCCTCCCCCCGCTT
ICRS AAA?CCCCCC"I;CCCCQGCTTC

303 310 315

Reporting Differences from rCRS

—
Sequence. AAACCCCCCCTCCCCCCGCTT
ICRS AAACCCCCCCTCCCCQGCTTC

1 '
303 310 315

Sequence. AAACCCCCCCTCCCCCCGCTT
ICRS AAAC;CCCCCC"I;CCCCQ: GCTTC

303 310 315

3151C

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Reporting Differences from rCRS

* What if....

/SR
Sequence. AAACCCCCCCTCCCCCCCGCTT
rCRS AM(;CCCCCCICCCCQGCTTC

303 310 315

2 additional Cs after 315?

Reporting Differences from rCRS

* What if....

—
Sequence. AAACCCCCCCTCCCCCCCGCTT
rCRS AAA(ECCCCCC'I;CCCC(.; 11 GCTTC

303 310 315
315.1C
315.2C

Deletions

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

AGCACACACAC : sCGCTGECTAAC
AGCACACACAC : sCGCTGECTAAC
rCRS AGCACACACACACCGCTGCTARD

18 15z@ 1538
AGCACHCACAHC = sCGCTGLTARAL!

523 A-del
524 C-del

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

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

(Purine-Purine)

N e (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 ;1.4
rcRs TTTTGCCCAT 5C-del

Sample TTTACCCAT

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

cRs 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.

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

Sample TTTA :CCCAT 414
rcRs TTTTGCCCAT 5G-del

sample TTTACCCAT

rcRs TTTTGCCCAT
1 10

Sample TTT: ACCCAT 4 T-del
cRs TTTTGCCCAT °*€

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

http://www.cstl.nist.gov/biotech/strbase/training.htm 8
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MtDNA

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.

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

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

Nomenclature Issues

Sequenchel‘
. . Initiated by the Research Section at
a]llng G’ul AFDIL. Presented at the Promega
e HID Symposium, 2004.
= - Kim Sturk will present a MS Access

version at the AAFS meeting in
San Antonio, TX in Feb. 2007.

Gives examples along with EPGs

The Armed Frces ONA Ktfcation Labratory

POP QuUIzMN
ATACAACCCCACCCAT
rcRs ATACAACCCCCACCCAT
488 504
ATTGATGTC ATTGAAATGTC
cRs ATTGAATGTC 1cRs ATTGAATGTC
244 253 244 253
CATAACAAAATTT
1CRs CATAACAAAAAATTT
280 294

http://www.cstl.nist.gov/biotech/strbase/training.htm
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POP QuIZ!l!

TGGCACTTTTCGTCT

rCRS TGGTATTTTCGTCT
52 65

TATCTTTCGT TATTTTTCGTCT

rCRS TATTTTCGT rCRS TATTTTCGTCT
55 63 55 65

AAACCCCCCccceTCeceeeeaeT

rcRs AAACCCCCCCTCCCCCGCT
300 318

Nomenclature Issues

» Consistency is needed — especially for
database searches.

513
Lab0o1 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| C ACACCGCT 524.1A
rCRS GC| CACACAQ: : CGCT 524.2C
@@

Lab02 Sample GCACACACACACACCGCT  523.1C
rcRs GCACACACACA: : CCGCT  523.2A
DI@EBIIE

Labo3 Sample GCACACACACACAJCGCT 514.1A
rCRS GC :: ACACACACCGCT 514.2C
1 3

DIDBRIDIE

http://www.cstl.nist.gov/biotech/strbase/training.htm 10
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mtDNA
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 I 315.1C F 3151 C
524.1 A 523.1C 514.1 A
5242 C 523.2 A 514.2 C

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

Lab 04 Will match the 20 samples submitted by Lab 01
16519 T-C

263 A-G

315.1C Apparent Frequency = 20/1000 (0.02)

524.1 A True Frequency = 60/1000 (0.06)
524.2C

Underestimation of the true frequency

November 1, 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.

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Interpretational Issues - Heteroplasmy

» Two types: Length (most common) and
Point Heteroplasmy.

“Out of phase!”

[y
Sequence 1. AAACCCCCCCCCTCCCCCCGCTTC
Sequence 2 AAACCCCCCCCCCTCCCCCCGCTTC

CRS AAA?CCCCCC: : :TCCCCC?CTTC
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
FCCOOTTTHOGOCOHNH 4

I{l

[l

\ WV
. Araasydy

“‘Out of phase!”

O
Sequence 1. AAACCCCCCCCCTCCCCCCGCTTC
Sequence 2 AAACCCCCCCCCCTCCCCCCGCTTC

i

Point Heteroplasmy

“Y" Pyrimidine

“Hotspot” for heteroplasmy
16093 <
(cm

T & T & T & T % T ©

LN AN AN NN

Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

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

Ovum — 100K
mitochondria

| °
ellucicds =t

Very little mito X - :
growth until @ —_— lp
implantation Fartizad e

1
l s garm cells |0
Females — produce Mature ootes g !

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

s i ooy

Chinnery et al. (2000) Trends in Genetics

Heteroplasmic Variation

Heteroplasmic variation among family members

Generations Buccal Swabs

35A 3VA 3¥B 348 34D 34D 3¥D

Sekiguchi et al. (2003)

Heteroplasmy in Hairs

Cynamines Belore Position 110 T

Tachviduat Majosr Conponert Miner Component Type

Z

Blood + 1 hair ~ CgTCq
QTCG

Length variants in HV2 alone should not be .
used to support an interpretation of exclusion. 1 hair C,TCs
1 hair CeTCq
I CyTCq
. C,oTCs

Stewart et al. JFS (2001)

http://www.cstl.nist.gov/biotech/strbase/training.htm 13
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MtDNA

Heteroplasmy in Hairs

TAHLE >—Sev odaervations of i 691 s,
Heteraplasay xher Matched K or (3 Sample [ —
Panition® in Cae fior Comprarinon® i Comgusiion Sample
w Daies (RS mall 7
LT A ad 1K b (RS mall 4
120 B
W Ne
2 Ne
132 2 haies and 1 K haie Al 3 s have T heteroplasmy
155 1) B 3l | K locd oy have A {substitution from CRS)
78 observations of point heteroplasmy in 691 hairs (11.4%)

Melton et al. JFS (2005)

Heteroplasmy in Hairs

Sekiguchi et al. (2003)

Heteroplasmy in Hairs

Buccal Swab ,

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Heteroplasmy Detection

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

» Other methods (e.g. Denaturing Gradient
Gel Electrophoresis) are much more
sensitive.

Famous Case Involving Heteroplasmy

Identification of the Romanov Remains
(the Last Russian Czar)

Louise of
oeme
16169T/C

Georgij
Romanov

Tsarina
Alexandra

Tsar
Nicholas II

D Mitotype Prince Phili |
hfgf‘zsce 161117 Duke of EdmbSrgh
16169T 16357C
= s
Sfiri 16296T 315.1C
736

263G

510 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) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

http://www.cstl.nist.gov/biotech/strbase/training.htm 15
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AFDIL — Confirmation of FSS

Micholas 1T
16169 = TA

Duke of Fife
16169 =T

Xenia Sfiri-Cheremeteff
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

o TAIISLACLS oA a181C
K TATTGTACGG 263 AG :
315.1C
Exclusion

http://www.cstl.nist.gov/biotech/strbase/training.htm 16
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Interpretation of mMtDNA Results

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

Sample @ Sample K
Q TATTGCACGG

6T-C 263 A-G
K  TATTGIACGG 263A-G  315.1C
3151C

Inconclusive

Heteroplasmic Variation

Heteroplasmic variation among family members

Generabions

Buccal Swabs
| X

|
16291
e

Sekiguchi et al. (2003)

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 152T-C 152 T-C

263 A-G 263 A-G
K TATTGTACGG 315.1C 315.1C

Cannot Exclude

http://www.cstl.nist.gov/biotech/strbase/training.htm 17
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POP QuIZ!l!

» How would you interpret these results?

Q TATTGTACA/GG Sample Q  Sample K
K TATTGTAC GG 9G-R 263 A-G
263 A-G 315.1C
315.1C
Q TATTGTACAI/GG Sample Q  Sample K
K TATTGTACGI/AG 9GR 9G-R
152 T-C 152 T-C
263 A-G 263 A-G
3151C 315.1C

Q TAITGTACAG
K TACTGTACGG

Q TATTGTACGG
K TATTGTACGG

Sample Q
16519 T-C
9G-A

263 A-G
315.1C

Sample Q
16519 T-C
152 T-C
263 A-G
309.1C
315.1C

POP QuUIZ!N

Sample K
16519 T-C
3T-C

263 A-G
3151 C

Sample K
16519 T-C
152 T-C
263 A-G
315.1C

Q TATTGTACGG
K TATTGCACGG

Q TATTGTIACGG
K TAT.GT:ACGG

POP QUIZ!!

Sample Q  Sample K

16519 T-C
263 A-G
309.1C
315.1C

Sample Q

16519 T-C
152 T-C
263 A-G
315.1C

Sample K

16519 T-C 16519 T-C

6.1T
263 A-G
315.1C

4 T-del
263 A-G
3151 C

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

18



NEAFS Y-mtDNA Workshop (Butler and Coble)
mtDNA

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.

November 1, 2006

FBI mtDNA Population DB

@ 0.5, Deprmnnt of Jutics
[T S ——

mtDNA Population
Database

Foverias Gimnen Commsmic ation. Aprdl 707, Vishame . Musber 7

FBI mtDNA Population DB

* mthHA Population Datahase

Mode Ede

Prfis D

Clear A
Sexuenced Fegens [MBseraces baorm Andkeson

— ] msa]
s 1

Regions E

Searched

Pull down
menu for ! Chra/Taowan
- v
nucleotide | |2 0
position ||+ tivn =

http://www.cstl.nist.gov/biotech/strbase/training.htm
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MtDNA

FBI mtDNA Population DB

* mtDHA Population Databass

Gt | | [Fremees -l

Segenced Regors Diftermrce: bom frdson
I [ = =
=] =] sl . ®
[ 1 1éore-1e3es 0l
[T o
14
17
Pull down 1C_¥|
menu for
nucleotide
base

FBI mtDNA Population DB

* mil#HA Population Database
Hode Edt

Frofie Distabuns

[ Cowil | | [Fonie E|
Sequenced Pegon: Differances hom Andesion AncarvAmencan -
B AdroCarbibaan
f e e =] = || | e Loors
Eant
=] k|| —m— 5
T Iraia
Enter all PMs [ ers Hiprs:
from the Fares
Thalard
haplotype -
Guam
Pabason

FBI mtDNA Population DB

Swmary of batabases

Tacabaze Clnasificaxien ® Frotiles
Caucamian Caucamian oragin
Torad 1655

3 17 0.104%5 & 0,381
4 1 0.1178 axy 0.4997
5 198 0.119¢& 1028 0.8193

Lversge Musbsr of Differences = 4,845

20
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FBI mtDNA Population DB

SEmary of batabases

Cinasificasion ® Frofiles

CauCAZiAD OTigin

~10% of the database is 1 mutation away from the searched haplotype

M

woooooo

® = 4,048

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=XIN

p =70/1665 = 0.042

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

p+ 196 | (AP
N Upper Bound
p+1.96 % = p+1.96(0.0049) = 0.032 and

Holland and Parsons (1999) Forensic Sci. Rev.

Issues Impacting
MtDNA Interpretation
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Challenges with mtDNA

Data Interpretation

— Heteroplasmy, Mixtures, Taq Error, and 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

Poor Clean-Up

Poor clean-up of your amplification or sequencing
product can cause pull-up, dye blobs, or other high
background noise to appear in the EPGs.

R R AR AR N RR St i aR S

Taq Error

« Degraded template DNA and non-proofreading

can cause mis-incorporation of bases at single
positions.

« Re-amplification can correct the issue or
show possible contamination.

http://www.cstl.nist.gov/biotech/strbase/training.htm 22
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Mixtures

» Samples can be truly mixed, either at collection,
extraction or amplification.

Heteroplasmy

Heteroplasmy can look a lot like a mixture,
but is typically only present at one position
in the CR.

Verification and authenticity of
heteroplasmy by a second extraction of
the sample is required.

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”

Artiel Genome Research (2002)

Pattern of Organization of Human Mitochondrial

Pseudogenes in the Nuclear Genome
Markus Wakschnik and Carlos T, Moraes'

23
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A @
:
0 : L S Chromosome 11 — “Control Region”
FEEF g
B
Rl .
5 :._::_l_ii:e LR L
- -8R K om -
EerebEEETERE:S !
S ErEEFTEEERELEL: r
n_l;:l;l_!_ :_l:l_ -Il"' ol
FLEEr R pf :
L& T R g o E g |-
*=-!'.":_§-'r;==1;r}‘.l:'r|i-- :
= ] - s B S m ] -l
':EIEE-:?-'!=:.E=f—'-'.":-dn'u.flf L
JEELERLETREE LG L RN TRAE LE ]
n-l T 1 a LI r a8 W 11 12 12 WO W N OH R Un X ¥
Chramanama
Woischnik and Moraes (2002)

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 with
forensic mtDNA primers (Possibly seen by
Grzbowski 2000 — nested PCR ~ 60 cycles).

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 on that later).
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Brief Report P
3
o F
7
PATERNAL INHERITANCE J
oF MIToOCHONDRIAL DNA i it

MarianNE ScHWARTZ, PH.D.,
ano Joun Vissing, M.D., Pu.D.

NEJM, 347(8) August 22, 2002

Willams - NEJM, 347(8) August 22, 2002

TABLE 2. SEQUENCE DIFFERENCES BETWEEN THE Two
MIToCHONDRIAL DNA (mtDNA) HAPLOTYPES FOUND
IN THE PATIENT'S MO0 AND MUSCLE AND
1% His PARENTS" BLOOD.
Nucigonoe Panent's Panents Maoreen's Farme's
Posimon Buooo* Muscie Buoca Buoon

« T s I

« A G A

[ T « 1

T [ T C

G A G A

T i T «
AAA AAA AAA
¢ T « 1

A L5} A G
G A G A

L T L8 T

A o A G
o A G A

« A o A

T q T (

[ T « I

A G A «

A o A ks

Paternal Leakage/Recombination

« Appears to be exceptionally rare — other studies
of mMtDNA diseases have not observed such a
phenomenon.

« Kraytsberg et al. (2004) used DNA from the
same affected patient to screen for
recombination. These authors cite the presence
of recombinants

« Single cell PCR is prone to generating artifacts
(Bandelt 2005)
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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

November 1, 2006

mtDNA Population Database: Size
and Quality of Information

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

Tt 7 Legal Med (2001} 115 6469

foronaz asmee [

H.-T. Bandelt - P, Lalermo - M. Richards - ¥, Macanlay

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

mMtDNA 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 outputs separately (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.”

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

mtDNA Population Database: Size
and Quality of Information

bt b s s s srcrcdera o

F

FLSEVIER

-

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

mMtDNA Population Database: Size
and Quality of Information

vdatie o

¥

FLSEVIER

A call for
0

-

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
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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: Size
and Quality of Information

of mequencing

artn, PCHA-purication procedures, and sequancing chemistses in the

dRhodamine Terminator Cycle Sequencing Kit

Brandstatter et al. (2005)

mMtDNA Population Database: Size
and Quality of Information

7]

345 SWGOAM® Compiete
mDNA

c c c c c N = 4839 N > 1700
A 3 -
G o 94 :
T 1 0 HV2 phantom mutations
da i a
T o » . e
G " o Post C-stretch ambiguities
N 4 a
T 1 1"
N N -1 L]
N N 1 o
N N N 1 Q@
N N 2 L]
N . N 3 0
N N N 1 [
N ¥, N 1 a
N N 1 a
. ! - Brandstatter et al. (2005).
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MtDNA Population Database: Size
and Quality of Information

330N

v
TTTCCAT 'ﬁnn CCCCCCCCTOCCCCCUNTTCT OOOCACACGHACT TAAA

||||I||||In|tll (IHII‘ 11 |‘| Lpbllll Jlll.‘“l,l“d“""'ll"lﬁlﬁl

b ._L.r

Forward Strand 317N
v

330N 317N

TTTAAQTOC '_'IJ_C-'J'Z"Z' WJAADCOOO000A GGSIJIJ'JGIJ

f

Reverse Strand |; ' . W l I AWy
.l”llxll | IJ ‘I ! |I \.'l ||| II WY fﬂ
; A .'

Dr. Clrm a Fuedm an, Sdo P\u\o Brasil

mtDNA Population Database: Size
and Quality of Information

Additional Nomenclature Issues

Greek0194 — pre-HV1

| |

) Padersan CR frevised) GCATTTGGTATTTTCGTCTGGEEGET
B 1_A12_F16180.1 Greekn 194 02 GCATTTGGTATCTTCGTTTGGEEGET 16126 T-C
3B 1_A12_F 16190 2 Grecka134_02 GCATTTGGTATCTTCGTTTGGGGEGT 16355 C-T
1B 1_A12_R285 2 Greakd 194 02 GCATTTGGTATCTTCGTTTGGEEEET, 16362 T-C
B 1_A12_R285 1 Greak 194 02 GCATTTGGTATCTTCGTTTGGEEEET, 58 T-C
1B 1_A12_F 16450 Grecland_12 GCATTTGGTATCTTCGTTTEGEEEET 64 C-T
1B 1412 F 15 Gresk 94 12 GCATTTGGTATCTTCGTTTGGEGEET.
JE) 1_A12_F34.Greekd 194 02 TCTTCGTTTGGGGEET. 146 T-C
[IEFresmert base #1465 is sslected. Base Ts0 Tso T=0 152 T-C
Releidss) GCATTTGGTATCTTCGTTTGGGEGET. 263 A-G
" : 309.1C
58 T-C 309.2C
64 C-T 315.1C
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Tederson CR Gevised)
) 1_For_Uzbats Fatam 11
B8l Fo7_Uzb019.F16180(1)_11
3] 1_3100_E_FO7_Usb 19, RE89(E)_11
3l Fo7_Uzb019.RS09C1)_11
2] 1_F07_Uzb 10, F11002)_11
0| Fo7_Uzbig Fisdan(y i1
2 1_E03_010.Re0_00.abit
0l 1_F07_Uzb010.F1845002) 11
0| Fo7_Uzbi1.F 15400013 11

i

GCATTTGGTAT: TTTCGICTGG6G66T

GCATTTGETATCTTTCGTTTGEG66GT
GCATTTGETATCTTTCGTTTGGEGGGT
GCATTTGETATCTTTCGTTTGGEGGGT
GCATTTGETATCTTTCGTTTGGEGGGT
GCATTTGETATCTTTCGTTTGGEGGGT
GCATTTGBTATCTTTCGTTTGGEEGET

Length 407 basas. Contains 0
ambiguities., 0 gaps &0 edts

57.1C
64 C-T

Tso Ts7.1 T7o
5CATTTGBTATCTTTCGTTTGEGEGGT

Uzb-Q-019 — pre-HV1

16126 T-C

16304 T-C

16362 T-C
57.1C
64 C-T
146 T-C
263 A-G
309.1C
309.2C
315.1C

Obviously related to the Greek sequence!

November 1, 2006

el Aecierson CR (avised)

B3 1_For_umais Fatag 1t

3 Fov_Uib0ts F16190¢1)_ 11

3 1_3100_E_FO7_Usb19.R598¢5)_11
3 Fov_Uibats Resscty 11

B3 1_F07_Usb1a. F16190) 11

3 Fo7_Uib01s F16450¢1)_11

3 1_E03_019.R389_08.3b1

B3 1_F07_Usb 18 F16450z) 11

3 Fo7_Uib01s F16400¢1)_11

155 T

GCATTTGGTAT: TTTCGTCTGG6G66T

GCATTTGETATCTTTCGTTTGEGG6GT
GCATTTGETATCTTTCSTTTGEG66GT
GCATTTGETATCTTTCSTTTGEG66GT
GCATTTGETATCTTTCGTTTGE6G6GT
GCATTTGETATCTTTCGTTTGE6G6GT
GCATTTGETATCTTTCGTTTGE6G6GT

Length 407 bases. Contains 0
‘ambiguities, 0 gaps &0 edis.

57.1C
64 C-T

Tso Tsa.1 T70
GCATTTGETATCTTTCGTTTGGEEGET

oF) ferberson CF, frvised)

B _ror_usson Fram o

BB P07 U018 F 101600 1

1 1100 E FIT L4018 RSN 11
B FoT_Laenin RET 1

W1 _FOT_U0n FIBa 1

M Fur_ e Fioseu 11

4 1w a1

W51 10z _ushiona e 1
a5 vur_ssana 1 iss 1
5 e §inesg 11

frag b avbected 0 o
‘peshion 145

Uzb-Q-019 — pre-HV1

An Alternative Alignment

58 T-C
60.1T
64 C-T

gl fnderson CR (revised)

B3| 1_FO7_UzbQ10.F314ez)_11

B3| Fo7_Uzb019.F6180(1_11

5| 1_3100_E_FOT_Uzb010.RE30CE)_11
5| Fo7_Uab019.R500¢1)_11

5] 1_FO7_Uzb010. F16180¢2)_11

5| FO7_Licb 018, F1648001)_11

3] 1_E03_019.Raa_09 3kt

B3] 1_FO7_Uzb010. F18480Q2)_11

) For_Uubata F 16400111

GCATTTGBTAT: TTTCGTCTREEEEET

GCATTTGBTATCTTTCGTTTGGEEGET
GCATTTGBTATCTTTCGTTTGGEEGET
GCATTTGBTATCTTTCGTTTGGEEGET
GCATTTGBTATCTTTCGTTTGGEEGET
GCATTTGBTATCTTTCGTTTRGEGGGT
GCATTTGBTATCTTTCGTTTRGEGGGT

Langth 407 bases. Contains 0
ambiguities., D gaps &0 edis

57.1C
64 C-T

Tso Ts7.1 T7o
GCATTTGETATCTTTCSTTTGGG6G5T

B FoT_Laenin ReT 11
W1 _FOT_U0n FIBa 1

5 Fur v F ey 1

Uzb-Q-019 — pre-HV1

An Alternative Alignment...

58 T-C
60.1 T
64 C-T

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

30



NEAFS Y-mtDNA Workshop (Butler and Coble)

MtDNA

Align the “wrong” sequence with the

Greek sequence....

4] £aderson CR frevised)

B 1_A12_F16190.1,GreekD194 02
B 1_A12_F 181902 Greek0184 12
B 1_A12 R85 2 Greclatod
3B 1_a13_R285.1 GreskD194_0
B 1_A13_F 10460 Grask 19407
B 1_A12_F15 Greck0 19412

|

GCATTTEETATTITCGTCTGEGGGGT

GCATTTEETATCTTCGTTTGEGGGGT
GCATTTEETATCITCGTTTGEGGGGT
GCATTTEETATCITCGTTTGEGGGGT
GCATTTEETATCITCGTTTGEGGGGT
GCATTTEETATCITCGTTTGEGGGGT
GCATTTEETATCITCGTTTGEGGGGT

Greek0194 — pre-HV1

58 T-C
64 C-T

November 1, 2006

3B 1_a11_Fr4.Gresline 0 TCTTEGTTTGEGGGET
[T Frooment base 4146 = swected. Base Tso Teo T7o
00 of 265 GCATTTGETATCTTCGTTTEEGEGGT

oF) ferberson CF, frvised)

B _ror_usson Fram o

B For_ b ame Pt 11

1 1100 E FIT L4018 RSN 11
B FoT_Laenin RET 1

W1 _FOT_U0n FIBa 1 58 T-C
) FUT_ LT 10y T 60.1 T

U1 o i o 64 C-T

M1 vur_ushing pressagn 1
350 v e £ s 11
_L00 1 R4S 11

Uzb-Q-019 — pre-HV1

Tew e e T

il s s st 5 s “Greek background + 60.1T"

‘peshion 145

Achilli et al. (2005) AJHG

[R]
n
up
; -3
T-insertion at np 60 has 75 e —
been observed before... B4 1e087 I——-—-
a7 el
roou ] [ wim

Uzb-Q-019 — pre-HV1
(wrong alignment)

R

BiiZiesapenst—
©-§iBE
4]
g

ic
i
o
®—
:
‘@-
Ox

58 T-C
60.1T
64 C-T preet
HVA1 pro-V
Greek0194 — pre-HV1 Uzb-Q-019 — pre-HV1
16126 T-C 16126 T-C 16126 T-C
16355 C-T 16304 T-C 16304 T-C
16362 T-C 16362 T-C 16362 T-C
58 T-C 57.1C 58 T-C
64 C-T 64 C-T 60.1T
146 T-C 146 T-C 64 C-T
152 T-C 263 A-G 146 T-C
263 A-G 309.1C 263 A-G
309.1C 309.2C 309.1C
309.2C 315.1C 309.2C
315.1C 3151C
FBI method “Global” Alignment

(3 differences between the two alignments)

http://www.cstl.nist.gov/biotech/strbase/training.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.

November 1, 2006

Control Region Databasing Goals

¢ Sequence 7500 individuals in two years.

» Focus on U.S. populations for now (W.European
Caucasians, African Americans, Hispanics,
Native Americans, and Asians).

« Provide entire control region data.

« Generate consistent, high quality databases.

¢ Adhere to a consistent nomenclature scheme

« Make data publicly available, via publications,
GenBank and EMPOP.

¢ Conduct population genetic analyses of regional
mtDNA substructure.

Wallac DBS Puncher

« positions plate

* intuitive

« bar-code ready

* THREE scientists

Qiagen 9604

«4 probe instrument
sextracts multiple sample types
*96 samples in 2-3 hrs

Corbett CAS-1200

«fully enclosed
«single probe, disposable tips
«amplification set-up in 30 minutes

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

32



NEAFS Y-mtDNA Workshop (Butler and Coble)
mtDNA

Tecan Genesis

8 probe instrument
«integrated plate sealer and thermal cyclers
emultiple plates in a day

Applied Biosystems 3730

*50-cm, 48-capillary array

*POP-7

*Holds 16 plates

«Barcode reader links plate to run sheet
2 hrs. per plate

November 1, 2006

Safeguards against DB Errors

» Multiple scientists at key laboratory steps — initial sample
placement, cherry-picking for re-dos.

> Robust robotics - standard placement of samples, reagent blanks,
negative controls; elimination of sample switches at every step.

» Redundant data review — At least 4 scientists review the RAW
sequence data for every sample.

» Electronic data transfer — No manual transcription of data into
master database.

» Phylogenetic data checking and review - EMPOP

New Sequences in House/Processed

@ Aviean Amercan
@ cavcasion

@ wispanic

@ roion

@ ntwe Amercan

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Walther Parson
Institute of Legal Medicine, Innsbruck Medical University

Version 1.0 is online (16 October 2006)

November 1, 2006

et e | )

Input check

‘Sample Identification MOC sample 01
Databte Rewan 1
Marmus difirpnce disclayed s
Inchudu partially ovariappng profies e
Consider (multiphe] Insiticnd 1 (9w polyC-SEatches ot Do not Comisier raertons i polyC-
18100, 309 wnd 573 33 strmtches at a8
Galectod ranges -0
16024 - 16365
mELNA query profin THeE
150057
MG
MBI
1618972
1815207
1627007
Soure Forensic data
Selectad pogedatons e
it Asis
AL
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1836
ADHA Guery gl TAASG, 1E0CST, BAYASE, D1L 1C, 16MUTAE,
IBHHECST, 182T00T

OVERALL RESULT SUMMARY (4537 raszr) b
(ranjzam) b
(anzsrea)?
(anrsanryl

(a0 awza)
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Selected ranges 3. 380
14024 - 16365

HEAA guery prosie TIASC, 150CST, MMG, JUE.AC, 16189TSE,
181520 T, 1627005 T

OVERALL RESULT SUMMARY (4521/4521)7

DIFFERENCES TO QUERY PROFILE et Pt

420
3795

(adnsaan) b
(162 s107) ¥
tanzs1ury

(awan aaa0) ¥

Salectod ranges 30

18024 - 16365

mEDAA quary protie 73434, 150C5T, J6345E, I5.1C, 18109TSE,
1B1T20>T, I2TOCHT

OVERALL RESUNLT SUMMARY (aszr raser) ¥

(3w /zan) ¥
1oz /162) P
caursanT)
(am30/auT0)
WUMBER OF  CUSULATIVE NUMBER OF

[BIFFERENCES TO QUERY PROFILE sl Lkl
0 ? ?
1 1 n
2 ] 7
3 T 1a
+ 15 301
5 w8 0
e 3110 3030
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g >4
34 - 18088
ST, B804S, HIAIE, MIRSTRC,

[ —— TRAsE, 180
VBIOERT, AEITOCT

Wast Eurasia RESULT SUMMARY ©

0 chfferences o mEDNA guery profi
DATABABE 1) BELECTED RANGE

A query i b

7 ebiferences to meDAA guery profie

3 cifferences to mADNA query profile

4 chlferences fo meDAA queny profils

5 clifferrriees to meDAA guery profis b
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EMPOP tool for data checking

Translating DNA data tables into[quasi-median networks|
for parsimony analysis and error detection

Hans-Jiirgen Bandelt **, Arne Diir

af B

Molecular Phylogenetics and Evolution (in press)

EMPOP tool for data checking

ASG3T3
Ken100

“Good Data”

http://www.cstl.nist.gov/biotech/strbase/training.htm
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EMPOP tool for data checking

Repetitious
Artifacts

“Not-So Good Data”

Cauls2

37
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