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1 Introduction

The Y-Chromosome Haplotype Reference Database (YHRD (Figure 1) aims to help with the
interpretation of results from comparisons of evidentiary samples typed with Y  -STRs and
reference samples, and to formulate conclusions. Since Y -STRs are located on the non-
recombining part of the Y chromosome , the profile generated by Y -STR analysis should be
considered as one trait coded by one locus (a haplotype). Consequently, the YHRD provides
allele and haplotype (>1 locus typed per sample) frequencies for common marker sets
consisting of up to 29 loci (Figure 2). The database is explained in detail i n the article "The new
Y Chromosome Haplotype Reference Database" by Willuweit and Roewer (2015).
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ment of male population stratification among w

frequency distributions
*
n of advanced tools and further resources concerning Y-STRs and Y-SNPs

Figure 1: YHRD Homepage



Dvsio | Dvs3gsi | Ovs3gsi | 0vs390 | Dvs39) | OvS3s2 | DYs393 | Dvs3as
ovsasa | ovsas0 | ovs3ss

DYS19 | DVS3891 | DVS389Il | DVS390 | DVS391 | DYS392 | DYS393 | DYS38S | DVS438 | DYS439 | DYSA37 | DV | DVS4S |
 DYS458 | DYS635 | YGATAH4 | DYS481 | DYSS33 | DYSS49 | DYS570 | DYS576 | DYS6K3 | DYF387S1 | DYS449 | DYS460 | DYSSIB

DYS627

Figure 2: Available marker sets (locus information )



2 Current state of the database

By June 2019when YHRD release 61 was launched more than 285,000 haplotypes from 1,308
sampling locations in 135 countries were submitted by more than 450 institutes and
laboratories worldwide. In geographic terms, about 47% of the YHRD samples are from Asia,
23% from Europe, 11%from Latin America, 14% from North America, 3% from Africa , 1%from
Oceaniaand less than 1% from the Arctic (Figure 3). The YHRD continuously receives new data
from submitters which will be validated and used to create updates about three to four times
a year (Figures 4 + 5). Four insertion methods are available for selection : New (a completely
new dataset), Append (a dataset which enlarges a previous submission), Replace (a dataset
which is inserted to replace a previous dataset) and Merge (a dataset which adds new
haplotyp es to previous haplotypes and/or includes previous haplotypes retyped for additional
loci). The selection of the appropriate insertion method , which is selected by authors and
approved by curators, is crucial to guarantee that no haplotype is inserted unintentionally
more than once. Since new releases replace the previous ones, the release number and date is
an important part of the results report  (Figure 6). The release notes are included in the footer
of all printable documents.
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Data File Validator

Please submit your Excel-, OpenOffice- or CSV-spreadsheet OR your Applied Biosystems® GeneMapper® 10/1D-
X or ABI PRISM® Genotyper® export-file to check if it is in concordance with ¥-STR- and (if applicable) Y-SNP-
nomenclature. Results of the quality inspection will be returned as a list together with advises to improve your
file (if there are any noticeable problems). Finally you can download a re-formatted version of your file with
automatic improvements.

2 Choose your file

Rl

Generic population data (optionally with Y-SNPs)

Figure 4: Data File Validator (file upload)

12
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Check for file type support
* Format "Excelx* is supported at YHRD

Check for unexpected columns at sheet "Sheet 1"
* Allcolumns are known Y-STR markers, known Y-SNPs or other known named columns.

Check valid alleles within markers
* \Warnings at marker DYS385: replaced "11.14" with "11,14" and replaced "13.18" with "1318"

Check detected dataset
® Dataset "Yfiler" is detected.

Check for at least one haplotype
s 2 haplotypes are not empty.

Check for blank haplotypes
® No haplotypes are empty.

Check for any additional marker
® No additional marker was found.

Check for missing/empty markers
¢ No marker was missing/empty.

Check for nomenclature consistency
* Allalleles are valid.

Check for unobserved alleles (regarding the current state of the YHRD)
* Allalleles are known to us.

Check for null alleles
® No null-alleles were found.

Check for alleles beyond reasonable range (regarding the current state of the YHRD)
e Allalleles are within the range

Check presence of population name
® Unable to find population name. Assuming 'Unknown Population’

Check required minimal number haplotypes
& There are 2 haplotypes given and that's below our usual threshold of 50.

Figure 5: Data File Validator (results)
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Release History

Release 61 - 2019/Jun/24.

Contribution YA002897 (Netherlands [Dutch]): replace 2085 == 2085
Contribution YAO03202 (Qinghai, China [Salar]): merge 133 == 172
Contribution YA0D4313 (Chubut, Argentina [Admixed]): append 133 == 204
Contribution YA0D4373 (Diyala, Iraq [Iragi]): new 0 == 119

Contribution YA0D4324 (Baghdad, Iraq [Iragi]): new 0 == 178

Contribution ¥A004375 (Anbar, Iraq [Iraqi]): new 0 == 127

Contribution ¥A004371 (Dezhou, China [Han]): append 2000 => 2101
Contribution YA004382 (Changzhou, China [Han]): replace 1193 => 1193
Contribution YA004526 (Xi'an, China [Han]): replace 581 => 581
Contribution YA004543 (Guizhou, China [Bouyei]): new 0 == 400
Contribution YA004544 (Al-Qadisyah, Iraq [Iragi]): new 0 => 160
Contribution YA004545 (Southern/Central Irag [Iragi]): new 0 == 147
Contribution YAOD4546 (Karamay, China [Uighur]}: new 0 == 129
Contribution YA004547 (Aksu, China [Uighur)): new 0 == 150

Contribution ¥A0D4548 (Kashi, China [Uighur]): new 0 == 77

Contribution ¥A004549 (Korla, China [Uighur]): new 0 == 141

Contribution ¥A004550 (Urumgi, China [Uighur]): new 0 == 49
Contribution ¥A004551 (Himachal Pradesh, India [Indian]): new 0 => 259
Contribution ¥A004552 (Dalian, China [Han]): new 0 => 879

Contribution ¥A004553 (Punjab, Pakistan [Saraki]): new 0 == 154
Contribution YA004554 (Punjab, Pakistan [Romal): new 0 == 281
Contribution YA004555 (Hulun Buir, China [Mangolian]): new 0 == 282
Contribution YA004556 (Manama, Bahrain [Bahraini]): new 0 == 100
Contribution YAO04557 (Northern Bahrain, Bahrain [Bahraini]): new 0 == 252
Contribution ¥A004558 (Southern Bahrain, Bahrain [Bahraini]}: new 0 == 80
Contribution ¥A004559 (Muharraq, Bahrain [Bahraini]): new 0 == 127
Contribution ¥A0D4560 (Nantong, China [Han]): new 0 == 719

Contribution ¥A004561 (Chamdo, China [Kham Tibetan]): new 0 == 172
Contribution ¥A004562 (Shigatse, China [U-Tsang Tibetan]): new 0 => 230
Contribution YA004563 (Accra, Ghana [Ghanaian]): new 0 => 51
Contribution ¥A004564 (Akwapim Mampong, Ghana [Ghanaian]): new 0 == 54
Contribution YA004565 (Kumasi, Ghana [Ghanaian]): new 0 => 52
Contribution YAQ04566 (Bawku, Ghana [Ghanaian]): new 0 == 53
Contribution YA004567 (Anhui, China [Han]}: new 0 == 581

Contribution YA004568 (Guizhou, China [Han)): new 0 == 706

Contribution ¥A004569 (liangsu, China [Han)): new 0 => 409

Contribution ¥A004570 (Jiangxi, China [Han]): new 0 == 1374

Contribution ¥A0D4571 (Zhejiang, China [Han]): new 0 == 966

Contribution ¥A004572 (Volta, Ghana [Ewe]): new 0 == 57

Contribution YA004573 (Anshan, China [Han]): new 0 => 270

Contribution YA004574 (Uttar Pradesh, India [Kahar]): new 0 => 78
Contribution YA004575 (Uttar Pradesh, India [Tharu]): new 0 => 69
Contribution YA004576 (North Vietnam, Vietnam [Kinh]): new 0 => 200

Figure 6: Release History



3 Navigation through the website
3.1 Search the database

The database can be searched either using manual input or by uploading files , including
GeneMapper/GenoTyper export files (Figure 7).

Search using your Excel-, OpenOffice- or CSV-spreadsheet OR your
M Applied Biosystems® GeneMapper® ID/ID-X or ABI PRISM® Genotyper®
export-file

Manually enter the haplotype/haplotypes to search far

If you don't know how to export your samples using Applied Biosystems® GeneMapper® 10/10-X
please read our instructions.

If you don't know how to set up an Excel-, OpenOffice- or CSV-spreadsheet, please see our example
or read our instructions.

In either case, please consider checking your file before you are going to use it here.

Figure 7: Search database
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Without registration and limitations
partial haplotypes and full haplotypes in different
the ISFGrecommendations ( Gusmao et al. 2006). The database supports the most frequently

used haploty pe formats which need to be selected from the O k bar at the top, i.e, Minimal (9
loci) , Power Plex®Y12(12), YFiler (17), Power Plex®Y23(23), YFiler Plus (27) and Maximal (29)
(Figure 8). For each ofthese six panels different -sized databases exist. Note that smaller -sized
panels are included in the next larger panels ; for example , the YFiler is part of the PPY23 and
YFilerPlus. Therefore, a PPY23 analysis in a reference sample will contribute to the three

databases with lesser loci. One exception: t he two loci DYS549 and DYS643 arenot part of the

higher resolution panel YFilerPlus , but all loci of PPY23 and YFilerPlus are included in the
It is possible to switch from a higher -resolution to a lower -
resolution haplotype format, e.g. ,from PPY23 to YFiler thus enlarging the database in use (~63k

maximal panel with 29 loci.

to ~225k in release 61) (Figure 11)

YHRD Search the Database Tools « Resources - Projects « MNews and 'J\].’El}.":,o Help & Support ~
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Haplotype
DY5456 DYS389| DYS390 DYS389Il DYS458 DYS19 DYS385 DYS393 DYS391 DYS439 DYS635 DYS392 YGATAH4 DYS437 DYS43B DYS448

I N IO [ X O [ 0 O O 7 [ T

Figure 8: Search database (default panel selection is YFilerg

, the YHRDdatabase can be searched for all single alleles ,
formats . Nomenclature for all loci follows



At each position of the mask , the respective allele must be entered manually . Alternatively,
GeneMapper export files or haplotype lists (Excel, OpenOffice, CSV etc.tan be uploaded for
search. The file needs to be prepared according to the example file found at the bottom of the
search page. The file is checked using the validator software and issues , e.g, an invalid file
format, are highlighted. By using the function " search using the export file" all haplotypes in

the file will be displayed as a list. Individual haplotypes need to be selected by clicking the
checkbox for search. To avoid clerical errors, wrongly named alleles turn red. For loci which

are mandatorily mu Iti -copied (DYS385, DYF387S1) at leastwo alleles need to be entered. For
Null alleles (caused by mutation , not by drop -out due to insufficient DNA quality) a  @nisp be
entered as aplaceholder. Boxes for alleles which dropped or are regarded uncertain due to low
DNA amount and/or degradation need to be empty. All alleles need to be called according to
their re peat numbers ;placeholdersforo ff-l adder al l el es | i ke Q9909 a
or higher-order multi -copying events are possible for all Y chromosome sequences. If the
sample is not a mixture, all true alleles need to be entered separated by a decimal point. The
number of duplications, triplications, quadruplications and other rare intermediate  , off -ladder

or Null alleles can be viewed att he QL ocus | nf Noteihnatthe allal®spgrtea gpar
locus are based on the full validated YHRD dataset andtherefore often include more variants
than commercial allelic ladders (Figure 9).You may <c¢choose the option
Qt r mudtitcopy alleles (e.g., duplications) as one observation gto get the most information on

the variants spectrum .

17
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After clicking onapriable @3d @rrthe regpecbva samplens generated
(Figure 10). It includes two main types of frequency estimates . First is the observed value i.e.,
the number of observations in the worldwide database for the selected panel accompanied by

a confidence interval (Cl) calculated accordi ng to Clopper and Pearson (Clopper and Pearson
1934; see Glossary: Confidence Intervals for more information on different types of CI ). Second
Is the expected values calculated by (1) the Discrete Laplace Method, (2) augmented counting

(n+1/N+1) and (3) the Kappa method (see Glossary: Frequency estimation methods for more
details on each calculation method ).

19
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Minimal | | PowerPlex PowerPlex Y23 | | YfilerPlus | Maximal

Report for Sample #1

Sample Name: Haplotype

DY¥S456 OYS3891 DY5390 DYS38911 DYS458 DYS19 DYS385 DYS393 DYS391 DYS439 DYS635 DYS392 YOATAHG DYS437 DYS438 DYS448
15 14 25 3 15 7 137 13 0 12 21 n n 14 10 19

Worldwide x

Observed

Found 34 matches in 225,098 Haplotypes. This is approx. 1 match in 6,621 Haplotypes (95% C1 ©:1in 9,560 — 1in 4,738 +)

Expected
DL (¥filer) Approx. 1match in 810 Haplotypes , emerging mostly from East Asian - Japanese Metapopulation. Please note, this value is an
average over the DL values of all nested feasible metapopulations.
n+1/N+1 Approx. Tmatch in 6,431 Haplotypes (95% C ©9:1in 9233 — 1in 4,625+)
Kappa Approx. 1 match in 14,754 Haplotypes

Results are based upon Release R61 valid as per 2019-06-24 09:01:40 UTC. This query was sent at 2019-07-03 14:45:41 UTC

Figure 10: Search result

20



To switch between different panels click the panel bar at the top ( Figure 11).

YHRD Search the Database Tools = Resources « Projects = News and Up:a:eao Help & Support «

PowerPlex | Yfiler | | PowerPlex Y23 | | YfilerPlus || Maximal
Report for Sample #1
Sample Name: Haplotype

DYS19 DYS3881 DYS38911 DYS380 DYS3971 DYS392 DYS393 DYS385
i 14 31 25 10 n 13 13,17

+ Add feature to this Report =

Worldwide

Observed

Found 87 matches in 285,406 Haplotypes. This is approx. 1 match in 3,281 Haplotypes (95% C1 ©:1in 4,096 — 1in 2,660 +)

Expected
DL (Minimal) Approx. 1match in 288 Haplotypes . Please note, this value is an average over the DL values of all nested feasible metapopulations.
n+1/N+1 Approx. 1 match in 3,243 Haplotypes (95% CI lin 4,044 —1in2,633+)
Kappa Approx. 1match in 3,745 Haplotypes

Results are based upon Release R61valid as per 2019-06-24 09:01:40 UTC. This guery was sent at 2019-07-03 15:02:48 UTC.

Figure 11:Searchresult wi t h s@tkhetdo t o OMi ni mal

Hapl

21
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Using the button O+ A dhesehrehaesult caa betfucthertatiapted tothe or t

needs of the user (Figure 12). The first button Metapopulation allows selecting a match
statistic within metapopulations (Figure 13), the second button Nationa | for political entities
(countries) (Figure 14), and the third button National databases with subpopulations for
searches within countries with predefined subpopulations. The next three buttons  Ancestry
information (minimal haplotype) , Ancestry information (YFiler) and Ancestry Information
1-step Neighbors (haplotype counts with +/ - one step-allele per locus) provide access to
relevant information on the biogeographical ancestry of the searched haplotype (Figure 15). At
the bottom of the ¢Resultp a g e ¢ wily 6ind K release note with the date and number of the
current version of the database , and the time of the query.

= Add feature to this Report =

Metapopulation

MNational Database

National Database (with Subpopulations, 2074 SWGDAM-compliant)
Ancestry Information (Minimal Haplotype)

Ancestry Information (1-Step-Neighbors)

Figure 12: Search result, Add feature to this report

22



East Asian - Japanese (click to change)

Observed

Found 76 matches in 2,303 Haplotypes. This is approx. 1 match in 30 Haplotypes (95% C1 ©/: 1in 38 — 1in 24 +).

Expected
DL (Minimal) Approx. 1match in 16 Haplotypes
n+1/N+1 Approx. 1Tmatch in 30 Haplotypes (95% C1 ©9:1in3B — 1in 24 +)
Kappa Approx. 1 match in 48 Haplotypes

Figure13:Search result, Add Qmet ap o plbastAdian-dapapesé) e a t

National Database - Japan (click to change)

Observed
Found 76 matches in 2,286 Haplotypes. This is approx. 1 match in 30 Haplotypes (95% Cl ©0:1in 38 — Tin 24 +).
Expected
n+1/N+1 Approx. 1T match in 30 Haplotypes (95% C1 ©9:1in 3B — 1in 24 +)
Kappa Approx. 1Tmatch in 47 Haplotypes

Figure 14:Searchresult, Add OQONati onaldaPDarn@bfassaet ure t o t

23



The selected features will be added one after another to the general search report . Note that

the computer IP is used to select the default metapopulation and national database , e.g. a user

in Japan wil | s-dapanesenee tQaEpacsptu |Adstifabne onani onalogdat a
as default . The evaluation of the haplotype frequency using the DL method is restricted to the

YFiler database which incorporates the 17 loci analyzed using higher-resolution panels.
Haplotypes with intermediate, duplicated or missing alleles within the Yfiler panel cannot be

evaluated using DL. It is adviseable to calculate the DL value in a pre - selected metapopulation,

since the worldwide DL value is an average estimate over the DL values of all nested
metapopulations.

24
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Figure 15 A d dancéxtry information (Minimal Haplotype) ¢ t oreptorh (Mstapopulation
tree, Y-SNP, national frequencies and heat map)
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If the feature ancestry information is selected , the database provides a movable and scalable
world map with the relative proportion of haplotype matches shown in red/blue for each
geoposition . The more matches per population occur, the larger is the red - colored symbol of
the population sample . Clicking the population symbol provides information on the number of
matches and the population size. Please note that, at a given geoposition, more than one
population could have been sampled . Furthermore, the feature presents absolute and relative
frequencies of the concerned haplotype in countries and the number of matches with SNP -
typed chromosomes (haplogroups) collected in the YHRD Eigure 15.

3.2 Resources
3.2.1 Database d etails

Enter names of population samples, countries, contributors, accession number, etc. Choose
from a list of found items for further information (Figures 16-19).

26



Figurel6 Det ai | results when typing C(
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Population Aomeori, Japan [Japanese]

The population Aomori, Japan [Japanese] belongs to ion East Asian - Jap and Continent Asia. It is part of the National Database Japan.
Minimal PowerPlex ¥ Yfiler PowerPlex Y23 ¥filer Plus Maximal Y-SNP
95 Haplotypes 95 Haplotypes 95 Haplotypes 0 Haplotypes 95 Haplotypes 0 Haplotypes 95 Haplotypes

Matsuko Mizuno, Haruhiko Watahiki contributed 95 Haplotypes on July 3, 2008 (for reference see Watahiki H., Fuijii K., Fukagawa T., Mita Y., Kitayama T., Mizuno N.
(2019), "Palymorphisms and microvariant sequences in the Japanese population for 25 Y-STR markers and their relationships to V-chromosome haplogroups.. For
Scilnt Genet Epub ahead of print, In press (D01 ) Filed under accession number YA003382

Aomori, Japan

Aomori, Japan [Japanese] with 95 Minimal Haplotypes

Kartendaten © 2019 Google, SK telecom  Nutzungsbedingungen

Figure 17 Details on the population sample QAomor i , Japan [ Japane:



Contributor Natsuko Mizuno, Haruhiko Watahiki (YC000143)

The contributor can be reached using mizuno@nrips.go.jp using +81-471-35-8001(Phaone) or using +81-471-33-9159 (Fax) or at
Fourth Biology Section

Department of first forensic science

Mational Research Institute of Police Science
6-3-1, Kashiwanoha, Kashiwa, Chiba, 277-0882
lapan

The contributor has successfully passed the Quality Control Exercise on April 17, 2007,

Natsuko Mizuno, Haruhiko Watahiki contributed 50 Haplotypes on July 3, 2008 to the population Hokkaido, Japan [lapanese] (for reference see Watahiki H., Fujii K.,

Fukagawa T, Mita Y., Kitayama T., Mizuno N. (2019), ‘Polymorphisms and microvariant sequences in the Japanese population for 25 Y-5TR markers and their
relationships to Y-chromosome haplogroups', For SciInt Genet Epub ahead of print, In press [001] .

Natsuko Mizung, Haruhiko Watahiki contributed 95 Haplotypes on July 3, 2008 to the population Aomori, Japan [lapanese] (for reference see Watahiki H., Fujii K.,

Fukagawa T, Mita Y., Kitayama T., Mizuno N. (2019), ‘Polymorphisms and microvariant sequences in the Japanese population for 25 ¥Y-STR markers and their
relationships to Y-chromosome haplogroups', For Sci Int Genet Epub ahead of print, In press [001] ).

Natsuko Mizuno, Haruhiko Watahiki contributed 37 Haplotypes on July 3, 2008 to the population Chiba, Japan [lapanese| (for reference see Watahiki H., Fujii K.,

Fukagawa T, Mita Y., Kitayama T., Mizuno N. (2019), ‘Polymorphisms and microvariant sequences in the Japanese population for 25 Y-STR markers and their
relationships to Y-chromosome haplogroups', For Sci Int Genet Epub ahead of print, In press [001] )

Natsuko Mizuno, Haruhiko Watahiki contributed 103 Haplotypes on July 3, 2008 to the population Ehime Japan [lapanese] (for reference see Watahiki H., Fuijii I,
Fukagawa T, Mita Y., Kitayama T., Mizuno N. (2019), 'Polymorphisms and microvariant sequences in the Japanese population for 25 Y-STR markers and their
relationships to Y-chromosome haplogroups', For Sci Int Genet Epub ahead of print, In press [001] ).

Natsuko Mizuno, Haruhiko Watahiki contributed 53 Haplotypes on July 3, 2008 to the population Fukuoka, Japan [lapanese| (for reference see Watahiki H., Fujii K.,

Fukagawa T, Mita ¥, Kitayama T., Mizuno N. (2019), 'Polymorphisms and microvariant sequences in the Japanese population for 25 Y-5TR markers and their
relationships to Y-chromosome haplogroups', For Sci Int Genet Epub ahead of print, In press [001] ).

Natsuko Mizuno, Haruhiko Watahiki contributed 110 Haplotypes on July 3, 2008 to the population Gunma, Japan [lapanese] (for reference see Watahiki H., Fujii K.,
Fukagawa T, Mita Y., Kitayama T., Mizuno N. (2019), 'Polymorphisms and microvariant sequences in the Japanese population for 25 Y-5TR markers and their
relationships to Y-chromosome haplogroups', For Sci Int Genet Epub ahead of print, In press [D01] ).

Natciln Mizona Harihilba Watahili cantriboted 14 Hanlnhenoe an lile 3 7008 ta tha nnnnlatina Hirnchima lanan [ananecal (far roforenca coo Watahili H - Fuiii K

Figure 18: Details on the Contributor YC000143
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Contribution with the Accession Number YA003381

Natsuko Mizuno, Haruhiko Watahiki contributed 50 Haplotypes on July 3, 2008 to the population Hokkaido, Japan [lapanese] (for reference see Watahiki H., Fujii K.,
Fukagawa T., Mita Y., Kitayama T., Mizuno N. (2019), 'Polymarphisms and microvariant sequences in the Japanese population for 25 ¥-5TR markers and their
relationships to Y-chromaosome haplogroups|, For Sci Int Genet Epub ahead of print, In press [D01] ).
Submission PowerPlex PowerPlex
accession Accepted Insertion Minimal Y Yfiler Y23 Yfiler Plus  Maximal Y-SNP
number State at Release method Haplotypes Haplotypes Haplotypes Haplotypes Haplotypes Haplotypes Haplotypes
YADO33B1-2  active Sat,2BJul 5B merge 50 50 50 0 50 0 50
submission 2018
12:43:08
+0200
YADO33B1-1  former Tue, 25 51 new 50 50 50 0 0 0 50
submission  Oct 2016
10:05:44
+0200

Figure 19 Details on submissions building the population sample YA00338 1

Note that each submitted population sample goes through a validation and receives a unique
accession number. A further prerequisite is the laborato ry accredita tion certificate .
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3.2.2 Database statistics

ovsio | Ovs3soi | Dvs3sai | DYS390 | Dvs3st | DvS392 | DyS3s3 | DYS38S

D 130 oy ] . DVS393
| DYS390 | DYS385 |

oS30 | Dvs63s | Dvs392

91 L DYS19
| DVS570 | DYS635 | DVS390 | DV5439 | DVS392 | DVS643

| DVS456 | DVS390 | DVS438 | DVS392 | DVS518

 DYS19 | DYS3891 | DYS389ll | DYS390 | D¥S331 | DYS392 | DYS393 | DYS385 | DYS438
DYS439 | DYS437 | DYS448 | DYS4S6 | DYS458 | DYSE3S
DYS549 | DVS570 | DYSS76 | DYS643 | DYF387S1 | DYS449 | DYS460 | DYSS18 | DVS627 |

Figure 20: Database statistics
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3.2.3 Database composition

Figure 21: Database composition
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3.2.4 Calculation methods

Note that the applicability of calculation methods depends on the size and structure of
sampled metapopulations. For example, small -sized or very heterogeneous metapopulations
are not suitable for DL calculations. For suitable metapopulations , the DL specs provide
information on the central haplotypes and the methods to identify these  (Figure 22a). The DL
values are recalculated each time the YHRD is regularly updated. Further information on the
DL estimation is given for each available dataset and metapopulation ( Figure 22b).

Figure 22a: Calculation methods
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Figure 22b: Information on Yfiler DL estimation (Japanese MP)



3.2.5 Metapopulation information

The haplotype frequencies can be sensibly reported in groups of spatially distributed
populations (metapopulations) sharing a common ancestry , and thus a similar pool of deep -
rooting lineages ( Figure 23a). To describe the hierarchy of metapopulations , YHRD uses a
knowledge based terminology, which incorporates linguistic, geographic resources and
genetic parameters (genetic distance measures). YHRD provides information on each
metapopulation including th e assigned populations, a map, its common haplotypes (Figure
23b) and applicable calculation methods .
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Admixed

Australian Aboriginal

Native American
Afro-American

Chinese (Han)
Afro-Caribbe

Sub-Saharan
Berber
A wj hitic

Semitic

Altaic

Caucasian
Tai-Kadai ndian
o Indo-Iranian
g Uralic-Yukaghir
Indo-Pacific
Dravidian
Austronesian
Austro-Asiatic

Eastern European

South-Eastern European

Western European

Figure 23a: Metapopulation structure




Yfiler

Figure 23b: Summary of the Japanese Metapopulation
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3.2.6 National Databases

Each national database in the YHRD comprises all individuals sampled in a particular country
regardless of the ancestry of the i ndividuals (Figure 24 ). Some national databases are further
structured into sub -populations (e.g., United States).

Information on the National Database “Germany*

Figure 24: National Database Germany
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3.2.7 Y-SNP Information

YHRD usesthe resource Phylotree Y (Van Ovenet al. 2014) to assign submitted SNP -analyzed
haplotypes to haplogroups ( Figure 25). A click on the respective haplogroup in the tree provides
access to a map depicting the frequency of the s elected haplogroup and to a table with the
number of haplotypes typed in the current release for that haplogroup (Figure 26).

Figure 25: Y-SNP Information
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Figure 26: Description of Y-SNPbranch D2



3.2.8 List of Invalid Y-SNPs

Invalid Y-SNPs which are not accepted by the YHRD for various reasons, namely recurrence,
are listed on a separate page (Figure 27).

List of Y-SNPs not suitable for inclusion in the YHRD

Figure 27: List of Invalid Y-SNPs
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3.2.9 List of publications and References

Most population studies submitted to the YHRD for validation and upload are published in
parallel in forensic journals (Forensic Science International: Genetics, International Journal of

Legal Medicine and other journals ). The YHRD AccessioNumber. connects the article to the
database (Figures 18,19+ 28).

List of Publications and References

Figure 28: List of Publications and References
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3.2.10 Release History

The release history provides Information about the particular submissions and how these are
inserted in the current and former releases ( Figures 6 + 29).

r
Release History

Release 61 - 2019/Jun/24

Contribution YAQOZ2897 (Netherlands [Dutch]): replace 2085 => 2085
Contribution YAOO3302 (Qinghai, China [Salar]): merge 133 => 172
Contribution YAD04313 (Chubut, Argentina [Admixed]): append 133 => 204
Contribution YAQO4323 (Diyala, Iraq [Iragi]): new 0 => 119

Contribution YAQ04324 (Baghdad, Iraq [Iraqi]): new 0 => 178
Contribution YAQO4325 (Anbar, Iraq [Iragi]): new 0 => 127

Contribution YAD04371 (Dezhou, China [Han]): append 2000 => 2101
Contribution YAD04382 (Changzhou, China [Han]): replace 1193 => 1193
Contribution YAQO4526 (Xi'an, China [Han)): replace 581 => 581
Contribution YAQQ4543 (Guizhou, China [Bouyei]): new 0 => 400
Contribution YAQ04544 (Al-Qadisyah, Iraq [Iragi]): new 0 => 160
Contribution YAQO4545 (Southern/Central Iraq [Iragi]): new 0 => 147
Contribution YAQO4546 (Karamay, China [Uighur]): new 0 =>129
Contribution YAQO4547 (Aksu, China [Uighur]): new 0 =>150
Contribution YAQO4548 (Kashi, China [Uighur]): new 0 => 77
Contribution YAD04549 (Korla, China [Uighur]): new 0 => 141
Contribution YAD04550 (Urumai, China [Uighur]): new 0 => 49
Contribution YAD04551 (Himachal Pradesh, India [Indian]): new 0 => 259
Contribution YAO04552 (Dalian, China [Han)): new 0 => B79
Contribution YAQ04553 (Punjab, Pakistan [Saraki]): new 0 => 154
Contribution YAQQ4554 (Punjab, Pakistan [Roma]): new 0 => 281
Contribution YAQ04555 (Hulun Buir, China [Mongolian]): new 0 => 282
Contribution YAQO4556 (Manama, Bahrain [Bahraini]): new 0 => 100
Cantribitinn VANNARST (Nnrtharn Rahrain Rahrain [Rahrainill now N =% 757

Figure 29: Release History
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3.3 Tools
3.3.1 Data file vali dator

This tool can be used to validate all kinds of YHRD input files like haplotype search lists or
population samples (Figures 4 + 30).

Data File Validator

Please submit your Excel-, OpenOffice- or CSV-spreadsheet OR your Applied Biosystems® GeneMapper®
ID/ID-X or ABI PRISM® Genotyper® export-file to check if it is in concordance with Y-STR- and (if applicable)
Y-SNP-nomenclature. Results of the quality inspection will be returned as a list together with advises to
improve your file (if there are any noticeable problems). Finally you can download a re-formatted version of
your file with automatic improvements.

X Choose your file

<

Generic population data (optionally with Y-SNPs)

= G0

Figure 30: Data File Validator
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3.3.2 Y-STR Mixture Calculation

This tool can be applied when a mixed trace ( A2 male donors) and one person (suspect) which
is included in the mi xed profile should be analyzed. The trace Y-STRprofile is compared to the
known putative donor as well as to a number of unknown donors. The result will be a likelihood

ratio of donorship vs. non -donorship of the suspect to the trace (Wolf et al. 2005) (Figures 31a

gc)

Y-STR Mixture Calculation

Calculate the likelihood ratio of donorship of a given suspect versus non-donorship. The calculation
requires a column named "Role" in your input file and consists of the following rows (specified at the
"Role" column):

Trace A trace (all given markers will be used for calculation)
Suspect The profile of the suspect (or accused or defendant, or the profiles of the
suspects if multiple)
Known Contributor The profiles of additional known contributors (optional)

The only thing to enter after uploading your file is the number of unknown contributors.

L/
4 Calculate Y-STR Mixture using your Excel-, OpenOffice- or CSV-spreadsheet

Figure 3la: Mixture analysis
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Minimal | | PowerPlexY RilEl8 PowerPlex Y23  Yfiler Plus  Maximal

Trace
DYS456 DYS3891 DYS390 DYS389ll DYS458 DYS19 DYS385 DYS393 DYS391 DYS439 DYS635 DYS392 YGATAH4 DYS437 DYS438 DYS448

o o Jo_Jma Jio JorJndfe Jo Jo Ju Jp Jue Joe Jo Jn

Suspect (XY2123)

DYS456 DYS3891 DYS390 DYS389Il DYS458 DYS19 DYS385 DYS393 DYS391 DYS439 DYS635 DYS392 YGATAH4 DYS437 DYS438 DYS448

I O S OO O O I GO N O T OO G TR

= Add known contributor's profile

Number of unknown contributors 1

Use the new hierarchical approach to evaluate Y-STR mixtures (thus take all subsequent-sized datasets into consideration - instead of just using the one your
profiles were typed with). Also enables the selection of metapopulation and estimation method in cases haplotypes are not observed in the database.

Reference metapopulation = East Asian - Japanese

= Calculate Mixture

Figure 31b: Mixture analysis g options and confirmation
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Mixture Calculation Result

Congratulations! Your job has been successfully processed. It took less than a minute.

Name Role DYS456 DYS3891 DYS390 DYS3891l DYS458 DYS19 DYS385 DYS393 DYS391 DYS439
Trace A Trace 15,16 13,14 25 30, 31 15 15,17 13,14, 13 10 12

17
XYZ123 Suspect 15 14 25 31 15 17 13,17 13 10 12

Given the Haplotypes above and that there is 1 additional unknown contributor, the likelihood of the donorship of
the suspect is approx. 15 times mare likely than the non-donarship. This calculation is based on 1909 haplotypes
(Yfiler) in the East Asian - lapanese Metapopulation.

Figure 31c: Mixture analysis gresults
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3.3.3 Kinship analysis

This tool calculates the likelihood ratio of patrilineal relationship versus non -relationship of
male pairs given their Y -STR profiles (Figures 32a g d). The calculation is based on a formula
adapted from Rolf et al. (Figure 32a). Calculation details can be reviewed as shown in Figure
32e.
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YHRD kinship formula

L : set of loci with typed results for ancestor and offspring

s; : allelic difference between ancestor and offspring at locus I

i -
P
2

2

1 — p; : probability of one non-mutation at locus I
(1 — )® : probability of s; non-mutations at locus !
Hj : hypothesis that ancestor and offspring are related
Hj : hypothesis that ancestor and offspring are unrelated

m : number of transmission events under Hy and H;

(5):

LR =

LR only 1-steps —

i-step mutation rate at loci [

: probability of exactly one i-step mutation at locus [

s
(‘ul’z) : probability of exactly one s; i-step mutations at locus [

binomial coefficient ‘m choose s;’

P(E|Ho)

P(E|H))

1 [(7) () (1= p)m)]
leL

f(offspring)

Figure 32a: YHRD Kinship formula
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Y-STR Kinship-Index Calculation

Calculate the likelihood ratio of patrilineal releationship versus non-releationship of male pairs given
their Y-STR profiles. The calculation takes

e The profile of the ancestor ("upstream" male relative)

e The profile of the offspring ("downstream" male relative)

e The number of transmission events (often referred to as 'meiosis' or 'generation’) between the male
relatives

Please see Buckleton JS., Triggs CM., Walsh SJ. (2005), Forensic DNA evidence interpretation, 1st ed., CRC
press and Rolf B., Keil W., Brinkmann B., Roewer L., Fimmers R. (2001), 'Paternity testing using Y-STR
haplotypes: assigning a probability for paternity in cases of mutations., Int J Legal Med 115(1), 12-5
[Pubmed] for further details on the fundamental theory used here and our documentation on the actual
implementation at YHRD.

Limitation of this method

e Only one-step events are considered. E.g. it is impossible to explain a three-step difference with
two transmission events.
e The relation between exactly two persons (ancestor and offspring) is calculated

L/
4 Calculate Kinship-Index using your Excel-, OpenOffice- or CSV-spreadsheet file

Figure 32b: Kinship analysis



Minimal | PowerPlexY WGilZ8 PowerPlexY23  Yfiler Plus  Maximal

Ancestor PersonA
DYS456 DYS3891 DYS390 DYS389Il DYS458 DYS19 DYS385 DYS393 DYS391 DYS439 DYS635 DYS392 YGATAH4 DYS437 DYS438 DYS448

o J J= Jeo Jro Jps Jroo e Jro o Jeo Jeo Jr2 Jre Jt= Jre ]

Offspring PersonB
DYS456 DYS3891 DYS390 DYS389!11 DYS458 DYS19 DYS385 DYS393 DYS391 DYS439 DYS635 DYS392 YGATAH4 DYS437 DYS438 DYS448

l‘IS HM HZZ H3U ”15 ”15 H]O.'IB “13 H'IU H‘IZ “20 H]B ”‘IZ ”‘If-l “13 “18 ]

Number of transmission events (often referred to as 'meiosis’ or 'generation’) between ancestor and offspring 1

Reference metapopulation used for frequency counting/estimation = East Asian - Japanese

a»

Frequency counting/estimation method | Observed counting (n/N or 1/N+1)

Ll

Calculation method = Consider only one-step mutations per transmission event

= Calculate Kinship-Index

Figure 32c: Kinship analysis g options and confirmation

a»
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Result

The likelihood ratio of patrilineal non-relationship versus relationship (1/LR) is approx. 982.

Additional information:

Japanese Metapopulation is used.

Markers to consider for calculation: DYS456, DYS389I, DYS390, DYS389Il, DYS458, DYS19, DYS385, DYS393, DYS391,
DYS439, DYS635, DYS392, YGATAH4, DYS437, DYS438, DYS448.

There's a 1-step difference between the ancestor and the offspring at DYS458.

There's a 1-step difference between the ancestor and the offspring at DYS385.

Consider 1 transmission event

Figure 32d: Kinship analysis g results



Show/Hide calculations

pu = {DYS456: 4.408060e-03, DYS389I: 2.724252e-03, DYS390: 2.082950e-03, DYS389II: 4.327275e-03, DYS458: 6.172062e-03, DYS19: 2
f_offspring =n / N

f_offspring = 7 / 1909

f_offspring = 3.666841e-83 or 1 in 273 (using observed)

m=1

s = {DYS456: @, DYS389I: @, DYS390: @, DYS389II: @, DYS458: 1, DYS19: @, DYS385: 1, DYS393: @, DYS391: @, DYS439: @, DYS635: @
P(HB) = Prod_{1 in L} (m choose s_1) * ( (p_1 / 2)%ks_1 * (1 - p_Us*(m - s_1) )}

P(H@,DYS456) = (m choose s[DYS456]1) * ( (u[DYS456] / 2)*xs[DYS456] * (1 — pIDYS456])%k(m — s[DYS456])

P(H@,DYS456) = 1.000000e+00 * (1.000000e+00 * 9.955919e-01) = 9.955919%e-01

P(H@,DYS389I) = (m choose s[DYS389I]) x ( (u[DYS389I] / 2)#s[DYS389I] % (1 - p[DYS389I])xx(m - s[DYS389I])
P(HO,DYS389I) = 1.000000e+00 * (1.000000e+0@ * 9.972757e-01) = 9.972757e-01
m choose s[DYS39@]) * ( (u[DYS398] / 2)**s[DYS39@] * (1 - u[DYS39@])%k(m - s[DYS390])

P(H@,DYS390) = (
P(HO,DYS390) = 1.000000e+00 * (1.000000e+00 * 9.979170e-01) = 9.979170e-01

P(H@,DYS389II) = (m choose s[DYS389II]) * ( (p[DYS389II] / 2)#ks[DYS389II] * (1 — p[DYS389II])xx(m — s[DYS389II])
P(HB,DYS389II) = 1.000000e+00 * (1.000000e+00 * 9.956727e-01) = 9.956727e-01

P(H@,DYS458) = (m choose s[DYS458]) * ( (u[DYS458] / 2)%s[DYS458] * (1 — p[DYS458])#x(m - s[DYS458])
P(H@,DYS458) = 1.000000e+00 * (3.086031e-03 * 1.000000e+00) = 3.086031e-03

Figure 32e: Kinship analysis g calculation details



3.3.4 AMOVA & MDS

Analysis of Molecular Variance (AMOVA) is a method for analyzing genetic distances between
population s using molecular data, e.g., Y-STRhaplotypes ( Excoffier et al. 1992). Besides the
population in question , up to 10,000 haplotypes from reference populati ons and national
databases of the YHRD can be selected. The online calculation returns as a result a CSV file
(Figure 33g) with pairwise F sror Rstvalues accompanied by p-values as a test for significance
(10,000 permutations). In addition, an MDS plot is generated to illustrate the genetic distance
between the analyzed populations graphically (Figure 33f). The program shows the references
for the selected population studies which facilitates the correct citation. The step -by-step
procedure is explained on the index page (Figures 33a g Q).
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Calculate AMOVA & MDS

Please perform online AMOVA as follows

1. Use your population sample(s) file (Excel) to start AMOVA. Be sure to provide haplotypes only for
markers you are going to use in your AMOVA calculation. E.g. when using a PowerPlex YZ3 file, all
AMOVA calculations are based on full Y23 haplotypes.

2. Select populations and/or whole national databases from the YHRD. You can select up to 10,000
haplotypes in sum.

3. Check and adjust the calculation options/preferences as needed.

The result will consist of: a table of calculated pairwise Fstor Rst and p-values (as .csv file), a MDS plot
(as .pdf file) and additionally, if "relaxing" was selected, a relaxation file with all the clusters built prior
calculation (as .txt file).

" Calculate AMOVA & MDS using your Excel-, OpenOffice- or CSV-spreadsheet population

[ —] sample

Figure 33a: Calculate AMOVA and MDS
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Calculate AMOVA & MDS

Please carefully check the data extracted from your file. There is 1 population sample given:
e 128 PowerPlex Y23 Haplotypes in a population sample called Berlin, Germany [German]

If the name doesn't match your expectations, please modify the appropriate column in your input file and
re-submit it here.

ID Population DYS576 DYS3891 DYS448 DYS38911 DYS19 DYS391 DYS481 DYS549 DYS533 DYS4
TRV6L5A Berlin, 17 12 20 28 15 10 27 12 12 10
Cermany
[German]

=» Continue with calculate AMOVA & MDS

Figure 33b: Calculate AMOVA and MDSj confirmation
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Please carefully select the populations you are going to compare your population sample to. Please note that there are only
PowerPlex Y23 populations / national databases available for selection.

Filter populations \ §
Berlin, Germany [German] (128 haplotypes)

Select a population to add s Freiburg, Germany [German] (260 haplotypes)
Creifswald, Germany [German] (176 haplotypes)
Berlin-Brandenburg, Germany [German] (131

. . _ haplotypes)

Filter national databases \ Leipzig, Germany [German] (303 haplotypes)

Select a national database to add s Rostock, Germany [berman] (530 haplotypes)
Stuttgart, Germany [German] (1004 haplotypes)
Upper Bavaria, Germany [German] (200 haplotypes)

[ 2732 /10,000

=» Continue with calculate AMOVA & MDS

Figure 33c: Calculate AMOVA and MDSj selection
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Figure 33d: Calculate AMOVA and MDS) options













































