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EMPOP mtDNA Databasez Directions for Use

Revision Overview
Version V4

A April 2019
o added new block indel494-503 (CCCCGCCTA
A September 2018
0 Release oEMPOP 4
A The new query engine SAM?2 offers enhanced search functions, phylogenetic alignment and
haplogrouping (see Huber et al 2018 for details)
A Revision of several sections of the USE document

A December 2015

0 Section 4.3.2z When no matches are found was updated

A 4171 AOAT AA OAITOA T &£ %--1! xAO AEAT CAA £OI 1 hhmngoo Ol

A November 2015

0 Section 4.1.8. EMPOP haplogroup estimatigrEMMA was added
A October 2015

o Information about special positions was added in Section 4.1.2. Ranges
A July 2015

0 Revision Overview was added

0 Section 4.3.3. Ambiguous haplogroup estimates was added
A May2015

o Initial Release of EMPOP mtDNA Databag®irections for Use
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The high copy numbe per cell, the stability against degradation and the maternal mode of inheritance make
the mitochondrial (mt) genome particularly suitable for palaee, medical and forensic genetic investigations.
Its increased evolutionary rate led to sequence variatiothat has been generated by sequential accumulation
of new mutations along radiating maternal lineages during human dispersal into different parts of the world.

Forensic molecular biology takes advantage of this variation for human identity testing by seeunce analysis
of the (hypervariable segments within the mtDNA control region (CR). New developments in Massively
Parallel SequencingMPS) demonstrated that also fullmtGenome information can be obtained from even
degraded forensic samplegParson et al 2013, Eduardoff et al 2017, Strobl et al 2018MtDNA analysis is a
powerful tool to exclude samples as originating from the same individual/matriline. If two samples cannot be
excluded the significance of the mtDNA matclks assessed by making reference tthe abundance of that
particular mtDNA sequence (=mitotype) in a relevant population.
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The EMPOP database aims at the collection, quality control and searchable presentation of mthttypes
from all over the world. EMPOP hagarefully beenenvisioned and designedas high quality mtDNA database,
where available primary sequence lane data are permanently linked to the database entrie$he scientific
concept and the quality control measures using logical and phylogenetic tools were foungitaible for forensic
purposes, e.g. by a declaration of th&erman Supreme Court of Justice (2010xhe SWGDAM mtDNA

interpretation guidelines (2013), and the updated ISFG guidelines for mtDNA analysiand interpretation
(2014).

The scientific contents presented in EMPOP we developed by thelnstitute of Legal Medicine (GMI)

Medical University of Innsbruck and thenstitute of Mathematics, University of Innsbruck

The mitotyp es stored in EMPOP are not considered fgrartial or full download. The concept of data quality
management requires a centralized supervision of the data. Necessaydates (e.g. haplogroup statusRelease

updates) will be introduced by the databasecurators to ensure continuous data quality and are made publicly
available (see Release history).
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http://www.ncbi.nlm.nih.gov/pubmed/25117402
http://www.gmi.eu/
http://www.uibk.ac.at/mathematik/index.html.de
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An EMPORP user is identified by the Email address to which account informativoluntary basis) and search
history are connected. Follow the istructions for registration. An Email will be sent with a link that completes
registration. Note thatqueries can be deleted in thaccount history by the user.

Registration

Create a new profile by filling out the required (*) fields.
After submitting the form an email with further instructions will be sent to your address.

Email*
First name
Last name

Affiliation

Figure 1 z User registration
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EMPOP follows therevised and extended guidelines for mitochondrial DNA typingssued by the DNA
commission of the ISFG (Parson et al. 2014). See documentftother details.

EMPOR @uery engine - SAM 2:

EMPOP useSAM 2, an updated and optimized software based on tests with carefully curated full mitogenome
sequences to performunbiased and conservativedatabase queries to assist statistical evaluation of the
evidence in forensic practice. fie major changes to the earlier version of the softwar&AM(R6ck et al 2011)
include:

i. updated alignment/nomenclature conventions for the phylogenetically instable regions 570, 310
316, 455460, 961-966, 8276-8279, 16180-16193, and 1625816262

AT A OAT 0086 OAAOAE 11T AAO &£ O TAECEAT 00O

Qu

i. OAT O1 O

iii.  implementation of 28 block indels containing between 2 and 264 basgairs (Table 1)
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Table 1 - List of implemented block indels:

No. Insertion position Deletion positions Pattern Length [in bp]
1 16032 16032.1-16032.15 TCTCTGTTCTTTCAT 15
2 16164 16165-16318 PV #H#AV L A A #] 154
3 16309 16310-16316 GTACATA 7
4 104 105-110 CGGAGC 6
5 105 106-111 GGAGCA 6
6 209 209.1-209.7 GTGTGTT 7
7 241 241.1-241.3 TAA 3
8 286 286.1-286.5 TAACA 5
9 290 291-294 ATTT 4
10 291 291.1-291.16 L#L4#1 4010 #1111 16
11 292 292.1-292.2 AT 2
12 292 292.2-292.4 AT 2
13 306 307-356 HHEHAHHBHBH" H#H 51
14 309 310-315 TCCCCC 6
15 315 316-319.0 GCTT 4
16 342 342.1-342.2 AT 2
17 343 343.1-343.3 ATC 3
18 368 368.1-368.4 AGAA 4
19 398 398.1-398.14 ACCAGATTTCAAAT 14
20 470 471-478 TACTACTA 8
21 494 494-503 CCCCGCCCA 9
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22 524 524.1-524.2 GC 2
23 563 563.1-563.204 AACAAAGAACCC... 204
24 588 568.1-588.16 #1 #1 " 4441 4" 4] 16
25 3326 3327-3590 L #A4##4#) 44" 4] 264
26 6019 6020-6024 CGAGC 5
27 9486 9487-9501 4#'" #1 ' 1 4444: 15
28 14786 14787-14790 TTAA 4
29 16006 16006.1-16006.3 CTA 3
Page9 of 41
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4.1. Query options
(8lU|3*A8 POPULATIONS TOOLS

Result Details Neighbors Alignment Haplogrouping

Sample ID Release R11 ~
Ranges e.g 16024-16365 3010 Find neighbors ~ ® by count O by cost

. - 3 Match type ® pattern O literal
Profile eg 16126C T16519C 249del 290- 3151C 573+CCC -3151C

Disregard InDels 16193 & 309 4 455 ¥ 463 I 573 4 960 4 5899 4 8276 4 8285

[ Use extended IUPAC code @

Figure 2 z Query input

4.1.1.Sample ID

Use this field to enter the ID of anitotype. Search results are linked to this information and also provided on
printouts. Sample IDs are used to identify queries in the search history of each individual user.

4.1.2.Ranges

Database geries require specification of theinterpretation range(s) for rCRScoded and FASTAke string
mitotypes. Typical ranges areHVSI (16024-16365), HVSII (73-340), CR(16024-576), mitogenome (ALL)
Individual SNPs can be queried by indicating the SNP tine range field, e.g. 3010. Note that EMPOP depends
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on the sequence range provided by the submitting laboratory, which is why the ranges can be slightly different
for some submissions/populations.

Examples:

16024-16356 73-340 representsa standard range for a query inHVSI and HVSII.

16024-576 represents the control region range

16024-16365 489 3010 represents a query range including HV$ and the two SNPS
489 and 3010. Notethat an insertion between 489 and 49(
would not beincluded in that query range.

ALL represents the complete mitogenome

Note that there are special positions where a query does not make se nse. For example, position 3107:
A deletion at this position cannot be queried as 3107 serves as place holder in the rCRSto keep the
original numbering system downstream of that position (the CRS mistakenly included that position)
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4.1.3.Mitotype
Submit your mitotype s asFASTAIlike sequence stringsor reported relative to the rCRS.

Query sequence strings:

Copyé&pastethe sequerce stringfrom a text file or a consensu$srom sequence analysis softwareDo not enter
header information like in usual FASTA formatenter nucleotides only.For mixtures (e.g point heteroplasmy)
use theextendedlUPAC codésee below).

Result Details Neighbors Alignment Haplogrouping

Sample ID  FASTA Format Example
Ranges 16024-16569

Profile TCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTCAC *
CCATCAACAACCGCTATGTATITCGTACATTAC\/]SCCAGCCACCATGA
ATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACATAAAAAC
CCAATCCACATCAAAACCCCCTCCCCATGCTTACAAGCAAGTACAGC
AATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCC

O Use extended IUPAC code @

Figure 3 z Query input in FASTA-like format
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QueryrCRS alignednitotypes:

Differences to the revised CambridgeReference Sequence (rCR&ndrews et al 1999 are entered as
mitotypes.

Table 2 z Notation guidelines:

Type Possible Comment
annotations
Base changes 73G, A73G If precedingbases are used they must match rCRS base at the given
position
Insertions 315.1C For multiple insertions all preceding insertions need to be stated, i.e.
315.1C annotating 309.2C is not possible without annotating 309.1C
315+C
309.1C
309.2C
309+CC
Deletions 249- 'del' is treated case insensitive, g. Del, DEL, dEL, deL etc is acceptec
A249- Please note that the single character 'D' is considered a mixture of A,
249delA G, and T (IUB code). The single character 'd' is considered a mixture
A, G, T, and deletion (seearson et al2014 for details).
249del
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represents two variants, T152C and T152del.

O> >

4.1.4.Release

EMPOP4 offers releasespecific queries. The most recent database release is selected by defakhrlier
database releases can be selectédavailable.

4.1.5.Find neighbors

EMPOP offers searching for neighbors by count and by cost. Under currenttisggs EMPOP reports neighbors
within a count of 2 differences or cost®f 5.34 (see Huber et al 2018 for details).

Finding neighbors by count is the default setting foforensic frequency estimates.

4.1.6 Match type

This is relevantfor the consideration of point heteroplasmy in both the query sequence as well as the database
sequences.

Pattern match: mixture designations match its individual components (Y={C,T,Y}). Exaple: 152Y matches
152T and 152C.

Literal match: mixture designations are considered eslusive to all other nuckotide designations (Y={Y}).
Example: 152Y matches only 152Y.

Pattern match isthe default setting for forensic frequency estimates.
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4.1.7. Disregard InDels

Length variants that are known hotspots for isertion/d eletions (indels) should be ignored in aforensic

database query This involves the @uns around positions 16193, 309 463 and 573 and the TFrun around

position 455 relative to the rCRSn the control region. In the coding region length variants around positions
960, 5899, 8276 and 8285are ignored for a forensic query(Table 2).

Table 3 - List of implemented length hotspots:

Length variant vd EOT A( 06 EOT A( Repeating motif
16193 16189 16194 C
309 302 316 C
315* 302 316 C
455 451 456 T
463 460 464 C
573 567 574 C
960 955 961 C
5899 5894 5900 C
8276 8271 8277 C
8285 8280 8286 C

* Note that the CGinsertion between 310 and 316 is a stable length variant, not a length hotspot. It is listed here
for uninterrupted C-runs as a consequereof T310C.

Sandard query settings digegard discrepanciesin hotspot length variant regions between query and
database sequences.
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Note that costs of disregarded InDels do not contribute to the final costs , which influences the
ranking of res ults. See sedion 4.4. Neighbors.

4.2. Result

The execution of a database query automatically directs the user to tResults tab. Sample ID, query
range(s) andmitotype are indicated in the top linesFollowing information is listed in the results table:

1. number of observed matches in the entire database
2. number of observed matches sorted by geographic origin and
3. number of observed matches by metapopulation affiliation
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Query Result Details Neighbors Alignment
—

Sample ID (none specified)
Ranges 16024-16365
Profile

Entire Datobase

Africa

Haplogrouping

matches in database

America
Asia

geographic origin

Europe

Find origin

Sub-Saharan African
Westeurasian

South Asian

East Asian

Native American

Tt metapopulation affiliation

Admixed

E m I o I mtDNA database

Figure 4 z Query Result

Clopper Pearson Cl
[6.6024e-2, 71380e-2]

Frequency
2377/34617 6.8666e-2

95/2099 45260e-2 [36769e-2 55047e-Z]
771/15832 4.8699%-2  [4.5398e-2 5.2167e-2]
163/6985 23336e-Z  [1.9924e-2 27153e-2]
1348/9701  1.3895e-1 [1.3213e-1, 1.4600e-1]

56/3747 14945e-2  [11309e-2, 1.9364e-2]
1977/16196  1.2207e-1 [11706e-1, 12721e-1]
22/894 2460%9-2 [15485e-2, 37022e-2]
24/3634 6604303 [4.2359e-3, 9.8108e-3]
99/4090 24205e-2  [19715e-2, 29391e-2]
145/4094 3541Be-2  [25967e-2, 41543e-2]
145/4094 35418e-2  [29967e-2, 4.1543e-2]
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An uncorrected frequency estimate is povided including a two-tailed Clopper Pearson confidence interval.
Correction for sampling bias is provided and alternative methods to calculaggobabilitiesare provided in the
drop-down box to the right.P values can be estimated based on following formilas:

1. (x+1)/(n+1)
2. (x+2)/(n+2)
3. CI from zero pop
7EAOA @8 1 0i ARO T £/ AAOAAAOGA EEOO AT A 18 AA
Free text searches are possible for origin and metapopulation to address the relevant subset of the database.
This depends on the formulation of the hypthesis, e.g. the reduction of the dataset to the country of Spain.

Note that the number of mitotype s included in a query result depends on the indicated sequence range.
Only mitotype s with overlapping sequence ranges to the query sequence are considered . E.g. the query
range 16024 -576 includes all database sequences that were typed for the entire control region. HVS -
I/ll data (16024 -16365 73 -340) are not included in such a query. It may therefore be conservative to
also perform a query with standard HVS -1/l sequence ranges.
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Below the tabular representation of the database query a interactive map can be found that depicts the
sampled populations within the query range (red)and the matches inthe sampled populations (green).

]
f L
=] - .“
i .g:' L
o sl d P e o
o0 | 0 .. u ' ]
L ] o u e "m .
- Ty = a4 »
@
. [ |
L
‘ m 5 0
]
® Cities
*cd’
@ Provinces, countries, regions ‘
B Sompled populations within query range ;

Matches and neighbors in sompled populations

@ Only matches in sampled populations

Figure 5 z Result Map
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4.3. Detalls

The Details tab provides a more detailed pentation of thematching mitotypes.

4.3.1. Whenmatches are found

Query

Sample ID
Ranges
Profile

m of B haplotypes shown

Continent
Africa
Asia
Europe
Europe
America

America
America

America
America
America

Europe
America

Europe
America

America

Details
I

testquery nh

16024-576

Result

Neighbors

Alignment

Haplogrouping

16183C 16189C 161911C 16519C 263G 3091C 309.2C 3151C

Northern Africa
Central Asia
Western Europe
Western Europe
Northern America

Northern America
South America

Northern America
Northern America
Northern America

Western Europe
South America

Western Europe
Northern America

Northern America

Morocco

Uzbekistan

Austria

Austria

United Stotes of America

United States of America
Venezuela

United Stotes of America
United States of America
United Stotes of America

Germany
Argentina

Germany
United Stotes of America

United Stotes of America

E m I o I mtDNA database

Province

Karakalpakstan
Tyrol

Tyrol

Minnesota

Ohio

Metropolitan District
Vermont

Arizona

Texas

Berlin-Brandenburg
Chaco

Bavaria
Texas
Alaska

Metapopulation

filter metapopulatiy

Westeurasian

Haolkabad Westeurasian
Westeurasian
Westeurasian
Westeurasian
Westeurasian

Caracos Nuti\fe American
Admixed
Native American
Phoenix Westeurasian
US Hispanics
Westeurasian

Narive American

Admixed
Munich Westeurasian
Westeurasian

African

Figure 6 - Details

Ignored Mutations

M16183C(0.00)
16193insC(0.00)
16193insC(0.00)
309:linsC(0.00)
309.3delC(0.00)

309insCC(0.00)

309insCC(0.00)
309insCC(0.00)
309insCC(0.00)
16193insC{0.00)

16193insC{0.00)

16193insC{0.00)
16193insC{0.00)
M16183C(0.00)

Haplogroup (MRCA)
HV @

HV @

HV @

HV @

HV @ HV @
HV @ HV @
HV @ HV @
HV @ HV @
HV @ HV @
HO H®
HV @ HV @
HV @ HV @
HV @ HV @

Publications
Aboukhalid 2013
Irwin 2010
Brandstatter 2007
Brandstdtter 2007
AFDIL 20T

AFDIL 2012

Castro de Guerrao 2012

AFDIL20M
AFDIL 20T
AFDIL 2012
Zander 2012

Bobillo 2010

Eduardoff 2013
AFDIL 2012
AFDIL 2012
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EMPOP provides a summary table of all matchingitotypes that meet the queried sequence range&Columns
can be sorted byclicking on the column headers.

Geographic and metapopulation origins can be filtered using the text boxes.

Ignored mutations list the differences between database and query sequences that were rdéigardedfor the
search(see4.1.7.Disregard InDels). The values in brackets display the costs of the listed mutatiquetails see

Huber et al 2018)

Haplogroup ET AEAAOAO OEA OAIl Bl A O&ased ®daiatpsriatthDthefe GO & r@éditcAT 08 ) 1
estimate the haplograip as this column simply indicates the haplogroup of the matching samplefRank 1

displays the haplogroup estimate with lowest costs (including a tolerance of 0.1) and Ra@kdisplays the

haplogroup estimatewith the next lowest costs (including a tolerance of 0.1).
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4.3.2 Whenno matches are found
MtDNA sequence queries often do not result in database matchésthese cases the Details tab stays empty.

Example:
Result Details Neighbors
Sample D My mtDNA control region Release RN v
Ranges 16024-576 Match type pattern ®literal
- Cd | d d d Cd Cd o Cd
Profile 16189C 161931C 163560 16362C 165190 234R 263631510523 o coordInDels ¥IG193 309 435 (463 573 360 (#5693 8276 285
524- 5731C 573.2C 'nleng
variants at
positions
A
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Unobservedmitotypesareindicated AU A AOANOAT AU OAI OA 1T £ Onoq

QUERY ugelgiliyjle]

Query Result Details Neighbors
—

Sample ID My mtDNA control region
Ranges 16024-576
Profile 16189C 16193.1C 16356C 16362C 16519C 234R 263G 315.1C 523del 524del 573.1C 573.2C
Fremency | gy P
0/26127 0.0000e+0 Q§0.0000e+0.1.4118e-4]
yoig | Feaeg CopePeswal |
Africa 0/1900 0.0000e+0 [0.0000e+0, 19396e-3]
America 0/13829 0.0000e+0 [0.0000e+0, 2.6671e-4]
Asig 0/6024 0.0000e+0 [0.0000e+0, 6.1218e-4]
Europe 0/4374 0.0000e+0 [0.0000e+0, 8.4307e-4]
_M_
Westeurasion Admixed 0.0000e+0 [0.0000e+0. 9.7500e-1]
US Hisponics 0/2588 0.0000e+0 [0.0000e+0, 1.4244e-3]
Naotive American Admixed 0/2091 00000e+0 [0.0000e+0, 1.7626e-3]
North Asian 0/166 0.0000e+0 [0.0000e+0, 21977e-2]
East Asion 0/2923 00000e+0 [0.0000e+0, 12672e-3]
South Asian 0/644 00000e+0 [0.0000e+0, 57117e-3]
Native American 0/1972 0.0000e+0 [0.0000e+0, 1.8683e-3]
Southeast Asian 0/144 0.0000e+0 [0.0000e+0, 3.2194e-3]
African 0/3912 0.0000e+0 [0.0000e+0, 9.4252e-4]
Westeurasion 0/10686 0.0000e+0 [0.0000e+D, 34515e-4]

Figure 7 - Results view when no matches were found
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In Detailsno matches are listed

slU|3=A a8 POPULATIONS TOOLS

Query Result ?Demi\s‘ Neighbors  Alignment Haplogrouping
——

a Dfn haplotypes shown

Origin Melupuplllutlun anlogruup (MRCA)
filter mﬂmpojulnth filter hcplogrnup
Continent i Province ' Ignored Mutations Rank 2 Publications

No matches found.

Figure 8 z Details Tab in case of no matches
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4.4. Neighbors
Similar sequences wih a low number of differences are displayed here.

Query Result Details MNeighbors Alignment Haplogrouping

——
Sample ID testquery nh
Ranges 16024-576
Profile 16183C 16189C 161911C 16519C 263G 3091C 309.2C 3151C
of m haplotypes shown

Origin Metapopulation Haplogroup (MRCA)

. 5 . » . Ignored S
Continent Province Count | Mutations Mutations Publications

America Northern America United States of America  Idoho African 050 1 A1B183C (0.50) 16193insC(0.00) HV @ HV @ AFDIL 2012
America Northern America United States of America  California Orange County African 050 1 A16183C (0.50) 16193insC(0.00) HV @ HY @ AFDIL 2013
America Northern America United States of America  Missouri African 050 1 A16183C (0.50) 16195?|ns(:(0.00] HV @ HV @ AFDIL 2012
3091insC(0.00)
16193insC(0.00)
America Northern America United States of America  Washington African 050 1 A16183C (0.50) R189A(0.00) HV @ HV @ AFDIL 2012
308insCC(0.00)
. . . . . - C16093T (0.46) A16183C  16193.2delC(0.00) HIf+16093
America Narthern America United States of America  Connecticut African 096 2 (050) 3097insC(0.00) o AFDIL 2013
America Northern America United States of America  Colorado African 098 2 :;'::;I (0.50) T1E183c 16193insC(0.00) ROO RO@® AFDIL 201
America Northern America United States of America  Alaska African 098 2 3;?:{‘?)3[ (050 Ti6185C 16193insC(0.00) ROG ROG AFDIL 2012

Figure 9 - Neighbors

The display ofneighbors follows the sameconceptas thesummary of matches(see4.3. Details) and includes
all mitotypes that are at a distance to the qugrsequence obne and two differences ( &ventso).

An O%OAT 66 OAEAOO O1 OBk difikrEricd biutghBt Ah& labsdiutk Alintbdr ©f diffefing
nucleotides. As such, a tandem deletion (or insertion) in the A@peat region between 514 and 524 is
regarded as one event, and therefore one difference between otherwise matchingtotypes. The same
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rationale applies to the 6 bp Chibch deletionbetween 105 and 110 or 106 and 111he 9 bp deletion between
8281 and 8290, as well as othefless abundanj block indelsin the mitochondrial genome

Additional information is provided with regard to differences between querymitotype and neighbors. These
are listed in the columnscost, count and mutations .

Costs are determined by the change from the base proél symbol to the test profile symbol @pproximately
1.0 for an average mutatiof. SeeHuber et al 2018for further details.

Count lists the number of mutational events betweerguery and databasemitotypes.

Note that some combined mutations are single event s, e.g. 523del 524del or 106-111del and
treated as such in EMPOP.

Mutations specifiesdifferencesbetween query and databasenitotypes, which are listed with the individual
costs.Disregarded ndels do not contribute to the final costs.
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4.5. Alignment
Since BMPOP4 the phylogenetic alignment is displayed as illustrated ifrigure 10 below:

Query Result Details Neighbors Alignment Haplogrouping
—

Phylogenetic alignment

Input Profile 2636 3091C 309.2C 3151C 16183C 16189C 161911C 16513C
Phylogenetic alignment 263G 3091C 309.2C 3151C 16183C 16189C 161931C 16519C

Alignment was estimated using SAM 2.0 on the basis of 5,440 haplogroup motifs (Phylotree, Build 17)
following the phylogenetic concept and the recommendations of the ISFG and was derived from hoplogroup

H1+16189 | Hlaa | Hlaal | Hlab | Hlac | Hlad | HIf | Hg | Hig1 | H1g2 | Hj9 | Hly | H3416189 | HV18

in range 16024-576 by the following transcript with cost 1.00:

[M16183C(0.00)] 16193insC(0.20) [Y16519C(0.00)] 30%insCC(0.80)

Figure 10 - Phylogenetic Alignment

The scientific publicationis currently under preparation, details will follow later.
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4.6. Haplogrouping

The assignment of haplogroups tamitotypes contributes substantial value for quality control, not only in
forensic genetics but also in population and medical genetics. The availability of Phylotree, a widely accepted
phylogenetic tree of human mitochondrial DNA lineages, led to the development of several (sefautomated
software solutions for haplogrouping. However, the currently existing tools only make use of haplogroup
defining mutations, whereas private mutations (beyad the haplogroup level) can be additionally informative
allowing for enhanced haplogroup assignment.

The scientific publicationis currently under preparation, details will follow later.
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Home Updates

EMPOP accession number
Geographic Affiliation

Metapopulation

POPULATIONS

Germany

samples within B populations found.

F2NJ LR LMz | GA2Y

Use Methods Contribute Contributors Terms of Use

Text

Authors

My
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Origin Metnpnpullllmn
Count | Continent Region Province Publication

EMPOOO17

EMPOO0O18

EMPO0013

EMP00020

EMP00482

EMPOO514

EMPO0563
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31

213

100

199

223

n

Europe
Europe

Europe

Europe
Europe

Europe

Europe

Western Europe
Western Europe

Western Europe

Western Europe
Western Europe

Western Europe

Western Europe

Germany
Germany

Germany

Germany
Germany

Germany

Germany

Figure 11 - Populations

Southwest
Germany

Mecklenburg-
Vorpommern

Baden-
Wirteemberg

Bavaria
Baden-
Wirteemberg

Bavaria

Rostock

Ulm
Munich
Freiburg

North Rhine-
Westphalia

Westeurasian

Westeurasian

Westeurasian

Westeurasian

Westeurasian

Westeurasian

Westeurasian

European
European

European

European
European

European

European

Lutz-Bonengel 2008
Zimmermann 2071

Tetzlaff 2007

Brondstatter 2006
Eduardoff 2013

Lutz-Bonengel 2012

Zander 2012
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Under the tab POPULATIONS the individual datasetsntained in EMPOP can be found by using the accession
number (if known), geographic or metapopulation affiliations. Published datasets can Isearched by Text
(Title) and Authors.
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The EMPOP tools section provides a suite of software to support the analysis and interpretation of
mitochondrial DNA sequence variation.

6.1. Haplogroup Browser

This tool represents the established most recerRhylotree haplogroups in convenient searchable format and
provides the number of EMPOP sequences assigned to the respective haplogroupSAi2 Note that EMPOP
provides the MRCA haplogroup if multiple haplogroup assignmentgafeasible.

Individual haplogroups can also be found by querying differences to the rCRS in a database of > 20.000
mtGenome sequences.

EMPCHECK NETWORK DOWNLOADS

Haplogroup Browser

Jump to Kla Restrict tree to K Find haplogroup in mtGenomes by SNP
=-K(1.301) 249-%  16189C -
-} K1(389)
+ Kia (701) C1b10
+- Kb (104) Clba
 Kezs) Clb70
+-K1c1(8)
+K1c2 (36) Cid1
+- K1+16362 (9) C4albl
-1 K2(183) Chok
+ K20 (138) bt
+K2b 35) -
K2c (0) Caclb
K3 C5a2

Figure 12 - Haplogroup Browser
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6.2. EMPcheck
EMPcheckis a tool to perform plausibility checks @ an rCRScoded data table.

The file format must meet the requirements described below and i€arracedo et al 2014

6.2.1. Structure of the emgfile

Lines starting with "#!" indicate the sequence rangeof the mitotype. Note that a given sequence range is
applied to all mtDNAmitotypes following this range until a new range is defined. Thus, multiplenitotypes
with different sequence ranges can be handled in one file.

The file lists themitotypes in coumns with the following contents.

Column A: Sequence name: don't use blank space or special characters (allowed characters are letters (except
umlauts &, 6, U), numbers,-", " ", "/")

Column B: Haplogroup (hg) status: indicate hg, if unknown, use "?"

Column C: Frequency ofnitotype 0 -wwwwd8 4UDPEAAI 1T Uh OE Entitotypesistolld bEO Opoh Al
presented. If it is set to 0 the sample is not considered for the analysis.

Column D: Annotation of themitotype relative to the rCRS. Separate défences by tabs (or use individual cells
in MS Excel). Use forensic notation of sequences as outlined in the revised and updated ISFG recommendations
for mtDNA typing (Parson et al (2014).
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Text lines can be included everywhere in the file for comments or description. They need to be marked with
"7
Avoid blank lines (except when marked with "#").

The structure of an EMP file is illustrated below anthe file can also be downloaded frombownloadssection
in EMPOP.
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Example

# Population data of 250 individuals from Austria; Walther Parson (walther.parson@ned.ac.at)
# 100 samples from Innsbruck, 100 samples from Salzburg, 50 samples from Vienna

#! 16024-576

mitotype 1 Hlc 1 16519C 263G 523DEL 524DEL 477C

mitotype 2 RO 2

#! 16024-16365 73-340

mitotype4 T2b 1 16126C 16294T 16296T 16304C 73G 263G 315.1C
mitotype5 ? 1 16223T 73G 263G 315.1C

6.3. NETW®RK

This tool can be used to alculate and draw quasimedian networks. They are useful to examinehe quality of
an mtDNA dataset.

MtDNA data tables can be depicted as quasiedian networks to enhance the understanding of the data in
regard to homoplasmy and potential artifacts. Highly recurreh mutations are removed from the dataset
(filtering) to help detect data idiosyncrasies that pinpoint sequencing and data interpretation problems. A
detailed discussion of the method can be found iBandelt and Dur (2007)and its application inParson and

Ddr (2007).
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The following section leads you through
the input and parameter selection of a network analysis
the output generated byNETWORK

network drawing and

= =4 4 -

interpretation of the results.

6.3.1. Input

Sample Info

The samplespecific information identifies a search. This is also the reference under which the query is
reported. The history of NETWORK searches can be found under YOUR AQCOU

Input file (=emp file)

The input file contains the annotated population data. The emfile is a tab delimited text file that can be
created using standard text software or MS Excel (then, safe file under .txt format and rename "txt" by "emp").
Its format needs to meet the following criteria:
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Ambiguous symbols

The software accepts the IURode. However, ambiguous symbols (e.g. sequence heteroplasmy Y ~ C/T) can
cause artificial nodes and links in the network. Therefore it may be necessary to specifynan-ambiguous
symbol either by calling the dominant type or by using the phylogenetic background of the sample. You will
be notified on the presence of ambiguous symbols on the screen and in the network analysis report. For your

information you also get alist of new insertions in your data set that are not known to the current EMPOP
database.

New insertions

We collect positions with observed insertions in an EMPOP datafile to which new data are compared. New
insertions that have not been recorded in EMPORet are displayed to draw the attention on them. This
however does not impact the performance of NETWORK.

Filtering

Highly recurrent mutations are removed from the data set (filtering) that would otherwise increase the
complexity of the network. You can lsoose between different filters depending on the application. The
contents of the filters can be viewed by clicking on the symbol next to the dropdown box.
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Available filters:

Z

Z

Range

EMPOPspeedyThis filter removes highly recurrent mutations based on the $ts provided in Bandelt
et al (2002 and 2006). This filter is typically used for the analysis of mtDNA population data within the
hypervariable segments- HVSI (16024 - 16569) and HVSII (1 - 576).

EMPOPspeedyWEThis filter removes highly recurrent mutations as presented inZimmermann et al
(2010). This filter is typically used for the analysis of west Eurasian mtDNA population data within the
hypervariable segments- HVSI (16024 - 16569) and HVSII (1 - 576).

EMPOPall_RZ11This is a superfine filter tha contains all mutations observed in EMPOP. This filter
provides a very quick check on the data by highlighting only yet unobserved mutations. We update the
EMPOPall filter periodically.

Unfiltered: None of the mutations are removed from your dataset. This useful for the analysis of very
short sequence stretches in the mtDNA CR (see below). The complexity of the network will increase
rapidly if no filter is applied to the analysis of larger sequence regions.

The range determines the region for wigh the network is computed. Any range within 1602416569 and 1-
576 can be queried. In some data very small regions may be interesting for detailed network analysis (e.g.-450

460).

Submit starts the execution.
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6.3.2. Output

After clicking on the Submit Button, the network calculation is initiated. Depending on the size of the file and
OEA OOAA &EI OAO 1 BPOEIT O OEEO DHOI AAOO I Au OAEA OI i A OEI
2A001I O &EI1 AGo6 11 OEA OUi 60 AAAT O1 66 DPACAS

Figure 13 - Download a created Network Result File

Download the file and unzip it to obtain the foldefRID_FILTERNAME_REGIQONhich contains the following
files:
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