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mtDNA errors on forensic work

* In crime-scene samples
- False exclusion

* In surveys to enlarge the reference database
- Generation of new mtDNA types

- Reduce the estimate of the frequency of real type

Distorted match probability making a match between a
crime scene and a suspect more impressive than it

really is
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mtDNA data quality control

Can we tell from a single entry of an
mtDNA data table whether it is

authentic?
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Errors in mtDNA data can be detected
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How can we estimate mtDNA data quality
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Phylogeographic investigations: The role of trees in forensic genetics
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Phylogenetic analysis is the key tool
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mtDNA evolves along a tree
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A skeleton phylogeny of human mtDNA

* Haplotype -- the mtDNA sequence
variations within an individual (e.g.
your HV1/HV2 type)

» Haplogroup (coined by Torroni et al)
-- a group of related haplotypes.
These form monophyletic clade on a
phylogenetic tree. The member of a
haplogroup carry a specific
sequence motif as a consequence

Y of sharing a common ancestor
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A single entry of an mtDNA data

» The sequence matches a type already found — Allocation of a sequence to
an appropriate haplogrouop (1)

» ltis located at a previously unsampled interior node of the tree (2)
» It creates a new tip of the tree by an unusual mutation (3)

» Haplogroup determination failure due to artificial recombination (4)

(1)
@)

(3) O haplogroup

If artefacts occurred in the data set, then they are normally manifest in
those seeming #2, #3 and #4
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East Asian macrohaplogroup M

Kong, Q.-P. et al. Hum. Mol. Genet. 2006 15:2076-2086

East Asian macrohaplogroup N

Kong, Q.-P. et al. Hum. Mol. Genet. 2006 15:2076-2086




Self-help guide to avoid errors

Attempts to localize the sequence to a part of phylogeny (haplogroup). If
the haplogroup motif is not fully represented, recheck the relevant positions
in the sequence

Have in mind the relative mutability of sites. Be sensitive to rare
mutations on different sequence backgrounds in one batch of sequencing

Look out for incongruence between parts of the sequences which have
been obtained in different PCR or sequencing reactions (artificial
recombinants)

Need to establish a big reliable database with
mtDNAs having appropriate haplogroup designation
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mtDNAmanager (http://mtmanager.yonsei.ac.kr)

*+ The goal of mtDNAmanager is to provide a Web-based forensic

mitochondrial DNA bioinformatics resource for supporting data quality
control and generating reliable frequency estimates using a new approach
based on haplogroup estimation and data comparison with the contents of a
given database.

+« mtDNAmanager consists of previously reported high quality mtDNA

sequences, and a set of bioinformatics tools, able to automatically
characterize newly submitted data by estimating its haplogroup according
to the haplogroup-specific control region mutation motif.
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mtDNAmanager structure

» The database is of relational type, designed and implemented using the multithreaded,
multi-user SQL database management system (DBMS), MySQL.

* Web interfaces have all been implemented using Asynchronous JavaScript and XML
(AJAX) technique based on Javascript and PHP.

* The system is optimized with internet explorer v. 6.0 or more.

user sample_group samgple SEqUEncE
PK | gmail PR |group id PK | sample_id PK |seq id
name group_name samgle_no “ call_no
narme2 etapop [ dis ins
company g subpop exp_hg code
dept des del_hg FK1 | samgie_id
address hwt
posicode hw2 FK1 | group_id
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country hv3
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hg_order det_hg exp_hg
metapop label label
5_ordar lavel level
sequence sequence

DNAmanager - forensic mtDNA database - Windows Internet Explaorer
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About mtDNAmanager: A forensic mitochondrial DNA database aimed at supporting

data quality control and generating reliable frequency estimates
Services

mtDNAmanager provides a convenient web interface for analysis, query and storage for human mtDNA
control region sequences. mtDNAmanager is made free and open to all users and there is no login

requirement. At the same time, mtDNAmanager offers the option to store and match data with batch mode
for registered users.

Help

Que «+ Access demo

Sample

Llcilel The aims of mtDNAmanager is (1) to allow researchers to automatically estimate mtONA haplogroups of
B Mutation motifs their own mtONA sequences, (2) to generate reliable frequency estimates from high quality mtDNA

databases, and (3) to collect and integrate high quality mtDNA control region sequence data publicly

Recent updates available
Contactus
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mtDNAmanager Database

* The mtDNAmanager's open database contains 6597 mtDNA control region sequences and
they are grouped in the following five subsets: African (1248), West Eurasian (2857), East
Asian (1557), Oceanian, and Admixed (935).

Metapop 1 Subpop ion  No. of sequences References
African African 1148 Forensic Sci Commun (2002) 4 Online
Kenyan 100 Int J Legal Med (2004) 118:284-306
West Eurasian Caucasian 1655 Forensic Sci Commun (2002} 4 Online
Austrian 273 Forensic Sci Int (2007) 166:164-175
Finnish 200 Forensic Sei Int (2007} 172:171-178
e a3 Forensic Sci Int (2007) 172:218-224
Int J Legal Med (2008) 120:310-314
Hungarian 416 Int J Legal Med (2007) 121:377-383
East Asian East Asian 753 Forensic Sci Commun (2002) 4 Online
Japanese 211 Int J Legal Med (2003) 117:218-225
Korean 593 Int J Legal Med (2006) 120:5-14
Qceanian = i =
Admixed Hispanic 686 Forensic Sci Commun (2002) 4 Online
Dubaian 249 Forensic Sci Int: Geneties (2007) in press
Total 6597

Database search

« By default but with an exchangeable setting, a query system retrieves sequences which
include the queried nucleotide polymorphisms therein from a user-selected database.
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Database search and statistics

« A query system of the mtDNAmanager also searches sequences which show a match with
the queried sequence data from the database.
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My mtDNA

« Upon registration, the mtDNAmanager provides web interfaces where users can submit
and store their own data with batch mode and search sequences which show a match or
include the queried nucleotide polymorphisms from their own database as well as the
mtDNAmanager database.
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Cross-match between data groups

Upon registration, a match system permits cross match of all sequence data between
two selected groups as well as retrieval of matched sequences for one of the data of a
user-created data group from their own database or from the mtDNAmanager database.
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mtDNA haplogroup estimation
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Control region haplogroups
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Coding region haplogroups

Using the bioinformatics tools of mtDNAmanager, more than 98% of mtDNAs of high quality
datasets can be allocated to the same mtDNA haplogroups as those confirmed with the coding
region SNP information.
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mtDNA data quality control
Sample List
Add | Edit | Delete | Import | Export | Print N9a1: 16129-16223-16257A-16261-150
Sample ID | Expectsd HG | Estimated HG | np 16024-16568 | np 438-576 | Comments
Demo-01 D4b1 D4b1 16223 16319 16362 489 523d 5244
Demo-02 Ngal 16129 16223 162574 16261
Demo-02 Asb ASb 16126 16223 16235 16280 16218 16519 5234 524
Demo-04 D4a3 D4a3 16128 16223 16248 16266 16304 16362 16518 438
Demo-05 Fib Fib 16128R 16182C 16183C 16188 162324 16249 .. 234 5244 16128R
Demo-08 as A4 16223 16290 16319 1638 73 146 152200 235 263 308.1C 315.1C 523 5280
Demo-07 BSt BSt 16140 16183C 16 16319 missed 03 263315.1C 523d 524d
Demo-08 D46 D4/G 16223 16260 16282 out? 146 263 308.1C 315.1C
Demo-08 Asa 16187 16223 1629048518 73 146 195 235 263 308.1C 309.2C 31...
Demo-10 D4jt D4jt 16184 16223 16311 16362 e A S A v
Demo-11 H9a H9a 16223 16234 16316 16362 i3 %-16290-1 6319-?3235-523(1-524‘1
Demo-12 Bacla Bacla 16086 1618302 g518 73 263 309.1C 315.1C 523 5284
Demo-13 b2 b2 151251515 72150152199263 208.1C 215.1C 488 572.1C
Demo-14 16223 16362T 73263 318.1C 485 183627
Demo-15 N7a N7a 16208 16223 73263 309.1C 315.1C 489 523d 5244
Demo-15 Flat Flat 16128 16162 16172 16304 16518 64 732480 263 308.1C 315.1C 5234 5284
Demo-17 Fzr Fzr 73195 200 235 2484 263 309.1C 215..
Demo-18 Gla Gla 18223 1827 16311 missed 73143 152204 2633 489
Deme-15 A A 16179 18222, oUt M10b? 73 308.1C 31 523d 5244
Demo-20 16066 16223 ) 71022042833150C 488
A4 1 Artificial recombination?




Detection of errors in mtDNA sequence

16311 missed
out M10b?

Demo-20 16066 16223 “ 73 103 204 263 315.1C

Artificial recombination?

miDNAmanager Wielcome, Yorsel mDNA
Logent Charge Protie |

16311 missed
out M10b?

Demo-20 18068 18223

Detection of errors in mtDNA sequence

16311 missed
out M10b?

Demo-20 16066 16223 “ 73 103 204 263 315.1C

Artificial recombination?
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= miDNAmanager YWindows Internet Explorer
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Query Home

About mtDNAmanager: A forensic mitochondrial DNA database aimed at supporting
data quality control and generating reliable frequency estimates
Services

mtDNAmanager provides a convenient web interface for analysis, query and storage for human mtDNA
control region sequences. mtDNAmanager is made free and open to all users and there is no login

requirement. At the same time, mtDNAmanager offers the option to store and match data with batch mode

for registered users.

Help
Query
Sample
Mat

« Accessdemo mml Please click here to see the demo of personal data !

The aims of mtDNAmanager is (1) to allow researchers to automatically estimate mtONA haplogroups of
their own mtONA sequences, (2) to generate reliable frequency estimates from high quality mtDNA
databases, and (3) to collect and integrate high quality mtDNA control region sequence data publicly

Mutation motifs

Recent updates available
Contactus
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NA database - Windows Internet Explorer
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Welcome, Colleague

| A sample system

[“Hatch | query || Home |

Group List Sample List
Add || Edit | Delete Add | Edit | Delete | Import | Export | Print
Hame Description SampleD | Expected HG | Estimated HG | np 16024-16582 np 001-437 np 438-578
Kao1 DSa2 DSa2 16164 16172 161327 16133C 16189 16223 162. | 73 150 263309.1C 30920 3151 | 489523d 5240 ||
Demo-2 Dema Sequences K002 Hgal Hgal 15111 16123 16222 162574 16261 16238 73150 283 151
K003 D4iG D4iG 16223 16224 16362 16519 73263 308.1C 215.1C 488
K004 M7b2 M7b2 16129 18189 18223 18257 18297 18298 73150 199 283 315.1C
Koos Do Do 18182 15223 15382 16512 73 145 150 252 263 309.1C 302.2C 31..,
K008 Déa Déa 15025 15128 15222 16262 18518 73152283 M54
K007 1762 1762 15128 16185 15222 16242 16257 16233 73150 189 262 208,10 2154C <38
K008 BSb BSb 16140 18183C 16189 18243 183585 16519 73 103 283 309.1C 309.2C 315.1C 523d 524d
Kooe 1106 1106 15085 15223 16311 289 £73.1C £73.2(
Ko1o A4 A4 15222 15290 16213 15282 73200 235 252 208.4C 21540 5234 5244 57200
< 3 kot G2a1 G2a1 15182 16222 16227 16275 16262 =1c <38
Group Information Kotz 110a 110a 16128 16148 16193 16223 16311 16357 16487 73 146 152 263 308.1C 315.1C 489 523d 524d 57
Mame = Kotz neat neat 18111 18128 15223 152574 16281 73 150 198 283 208.1C 209.2C 215.1C
[EE——— . Asin Ko14 B4 B4 15122¢ 16183C 15138 16217 15285 73 150 195 262 208.4C 2154C
Kotz Glal Glal 15072 16222 15225 16362 18513 73150 263 21510 <38
Subpopuiation Korean K018 B4b1 B4b1 16138 18175 16183C 18188 16217 16218 16518 56d 58A 71.1G 73 263 308.1C 309.2C... 488
Beseripton Deme Sequences K017 Asa Asa 18187 16223 16290 16319 s1c
A o K018 Bécla Bécla 16183C 16189 16217 16311 16519 73 263 308.1C 3151C
Hv2 u] Ko13 Hgal Hgal 15128 16222 182574 16261 73150 263 208 1C H1E1C
HV3 [m} K020 3a 3a 16223 16234 16316 16352 16518 73 263 308.1C 308.2C 315.1C 488
Control Region (& M4 12345678910 kP

No. of Samples £33
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mtDNAmanager rensic mtDNA database - Windows Internet Explorer

B
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‘Welcome, Colleague

’ A match system

[“Sample || Match |[ Query | Home |

Working Group Working Sample
Name Description Sample ID Expected HG | Estimated HG | np 16024-16568 np 001-437 np 438-576
K008 BSb BSb 18140 16183C 16188 16:
Demo-2 Demo Sequences Koog M10e M10e 18068 18223 182311 4ggerzCceTI 2
K010 Al Al 16223 16250 16218 16282 §72.1C
Kot GZal GZal 16183 16223 16227 16278 16362 73146 207 263 315.1C
Koz 110a 110a 16128 16148 16183 16223 16311 16357 16487 73 146 152 263 308.1C 315.1C 488 523d 524d 57
K013 Ngat Ngat 18111 18129 18223 182574 18281 73 150 195 263 309.1C 309.2C 315.1C

K014 |B4 B4 [1e1scieizac 16180 16217 16285 73 150 195 263 309.1C 315.1C |

4 12345678910 kP

< | £
< *| | Matching Option
Target Group Region #v2 [ wva [ control Region
1y miDNA : < heteroplasmic insertions in the poly C-stre
® Hy mONA 1 |opton Igners heteroplasmic insertions in the pely C-strste!

O openDe: | Alrican v Waximum number of mismatched nuceotides
Name Description Figig  J[_ Matchal ][ Frequency Estimates

Demo-1 Demo Sequences Matching Result
No.ofisizneasanpes 1. of Targ: Samps R—r
1 10 0.0281
Sample D Expected HG | Estimated HG | np 16024-16568 np 001-437 np 438-576
BO1% B4 B4 16182C 16183C 16188 16217 16285 73 150 185 263 308.1C 308.2C 308.p.
< 5| S

- [ HOIAIE) + £ E(D) -

| -8

‘Welcome, Colleague

| A query system

(P [T query |[THiomeT

Target Group Searching Option

® Hy moNA 16187 235

Name Description

< Region #v2 [ wva [ control Region
Demo-1 Demo Sequences o
Demo-2 Demo Sequences e
§ lgnore heteroplasmic insertions in the poly C-stretches
Option

Waximum number of mismatched nuceotides
@ Incluge the queried nucketide polymerphizm
Search ][ Reset ][ Frequency Estimates

Expected HG  Afa Estimated HG  H Comments

Searching Result

No. of latched Samples No. of Target Samples Match Probabilty -
5] L2l 18 =52 0.0353
Group Information Sample D Expected HG | Estimated HG | np 18024-16569 np 001-437 np 438-576
Nams Demo-t K017 Asa Asa 16187 16223 16250 16319 73235 263 315.1C 5234 52
Welapopuiation” | East Asian K122 Asa Asa 16187 16223 16290 16319 73235 263 308.1C 315.1C 523d 5240
K178 Afa Afa 16187 16189 16223 16290 16319 73235 208.1C 315.1C
Subpopulation  Korean
- K184 Asa Asa 18187 16223 16290 16296 16319 73 235 263 308.1C 315.1C
Description Demo Sequences
K191 Asa Asa 16187 16223 16290 16218 16519 73146 135
HV1
. K216 Asa Asa 16187 16152 16223 16270 16280 16319 73235 263 308.1C 315.1C 523d 5240
E o K222 ASa ASa 16187 16223 16290 16318 73235263 308.1C 315.1C 523d 524d
5 o K263 Asa Asa 18086 16187 16223 16290 16319 523d 5240
Control Region " Kz71 Asa Asa 16187 162232 16290 16213 16519 5224 5249
No.of Samples 593 K208 At At 16127 16222 16280 16219 523d 5240
K382 ASa ASa 18187 186 16280 16318 523d 524d
K386 Asa Asa 18187 16215 16223 16290 16319 s23d524d
& 2
2 H00% -




Killed in action recovery and identification
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DNA extraction from skeletal remains

DNA extraction
using Qiagen kit

Cryogenic grinding with Spex 6750 Freezer/Mill
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Concluding remarks

* The mtDNAmanager is a forensic mitochondrial DNA database aimed at
supporting data quality control and generating reliable frequency

estimates using an approach based on haplogroup estimation and data

comparison.

* The mtDNAmanager provides a convenient Web interface for analysis,

query and storage of human mtDNA control region sequences.

» For comments, bug reports, suggestions for improvement, please contact

us through the website (http://mtmanager.yonsei.ac.kr).
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