The Y-Chromosome Haplotype Reference Database

- Directions for Use -

Copyright and curation: Sascha Willuweit & Lutz Roewer
Institute of Legal Medicine and Forensic Sciences, Charité - Universitétsmedizin Berlin

Endorsed by International Society of Forensic Genetics (ISFG)
Supported by Life Technologies and Promega

Revision 44 * September 1¢, 2013



Corresponding address

Sascha Willuweit & Lutz Roewer

Charité - Universitdtsmedizin Berlin

Institute of Legal Medicine and Forensic Sciences
Department of Forensic Genetics
Augustenburger Platz 1

D-13353 Berlin

Germany

E-Mail
Sascha Willuweit: sascha DOT willuweit AT charite DOT de
Lutz Roewer: lutz DOT roewer AT charite DOT de

(¢) Copyright 2013 Sascha Willuweit & Lutz Roewer

[@roEle]

This work is licensed under the Creative Commons Attribution-Noncommercial-Share Alike 3.0 Unported License.
To view a copy of this license, visit hitp://creativecommons.org/licenses/by-nc-sa/3.0/ or send a letter to Creative
Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.



http://creativecommons.org/licenses/by-nc-sa/3.0/

Contents
1 Introduction
2 Current state of the database

3 Navigation through the Website
3.1 Search the Database - http://www.yhrd.org/Se

arch . . . . . . e e e e e e e e e e e e e

3.1.1 By Haplotype - http://www.yhrd.org/Search/Haplotype . . . . . . ¢ v v v v v v v v v v ..

3.
3.
3.
3.
A

3.2 alyse - http://www.yhrd.org/Analyse . . .

3.
3.
3.3 Research - http://www.yhrd.org/Research . .
3
3

2 By SNPs - http://www.yhrd.org/Search/SNPS . . . . . v v v v v v v e
3 By Population - http://www.yhrd.org/Search/Population. . . . . v v v v v v v v v v v v .
.4 By Contributor - http://www.yhrd.org/Search/Contributor . . . . .. .. .........
.5 By Contribution (Accession Number) - http://www.yhrd.org/Search/Contribution. . . . .

2 Tool for mixture Interpretation - http://www.yhrd.org/Analyse/Mixture . . . . . . . . ...

1.
1.
1
1
na
2.1 AMOVA - http://www.yhrd.org/Analyse/Online+AMOVA . . . . . . . . . .. . ..o
2.
es
3

.1 loci - http://www.yhrd.org/Research/Loci . . . . . . . . . o o v v i i i it
.3.2 References - http://www.yhrd.org/Research/References . . . . . . . . . oo oo ...

3.3.3 Amelogenin Y deletions - http://www.yhrd.org/Research/Amelogenin+Y+deletions . . . .
3.3.4 Metapopulations - http://www.yhrd.org/Research/Metapopulations . . . .. .......
3.3.5 YSNPs - http://www.yhrd.org/Research/YSNPS . . . . . v v v v v v vt e e e e e e e e e a s

3.4 Contribute - http://www.yhrd.org/Contribute
3.5 Authorization . . ... ... ... L oL,

4 Glossary

4.1 Metapopulations . . .. ...
411 National .. ... .............
412 Continental . ... ... .........
4.1.3 Llinguistic/Ethnic . . . ... ........
4.1.4 Phylogenetic . . .. ... .. .......

4.2 Haplogroups. . . ... ... ...........

4.3 Stafistics . . .. ...
4.3.1 AMOVA (Analysis of Molecular Variance)
4.3.2 F-Statistic. . ... ... .........
4.3.3 MDS (Multidimensional scaling) . . . . .
4.3.4 PCA (Principal component analysis) . . .

5 References



1 Introduction

The YHRD' (see 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 Haplotype frequencies (>1 locus typed per
sample) for common formats consisting of 9-23 loci (see Table 1).

Name #  Lod Commerdial Kits
Minimal 9  DYS19, DYS389I, DYS389Il, DYS390, DYS391, Applied Biosystems AmpF/STR® Yfiler®?, Biotype
DYS392, DYS393 and DYS385a/b Mentype® Argus Y-MH®3, Promega PowerPlex®
Y#, Promega PowerPlex® Y23°
SWGDAM 11 Minimal + DYS438 and DYS439 Applied Biosystems AmpF/STR® Yfiler®, Promega
PowerPlex® Y, Promega PowerPlex® Y23
PowerPlex Y 12 SWGDAM + DYS437 Applied Biosystems AmpF/STR® Yfiler®, Promega
PowerPlex® Y, Promega PowerPlex® Y23
YFiler 17  PowerPlex + DYS448, DYS456, DYS458, Applied Biosystems AmpF/STR® Yfiler®, Promega
DYS635 and YGATAH4 PowerPlex® Y23

PowerPlex Y23 23  YFiler + DYS576, DYS481, DYS549, DYS533, Promega PowerPlex® Y23
DYS570 and DYS643

Table 1: Available loci sets

Since a strong substructure between and within continents exists for Y-STR Haplotypes, the database must reflect the
enrichment, scarcity or admixture of Haplotypes in certain geographical regions or continents. In contrast, different
populations which share a common ancestry have shown to be homogeneous. Such population samples with none
or small genetic distance can be joined to so-called Metapopulations (e.g. the Western Europeans). Dependent on
your choice the database reports matches for the full database, a selected Metapopulation, a national database
or a certain population sample. The database is fed by quality-assessed and certified forensic and other labs from
all around the world. Thus, the YHRD is a meta-database aiming to implement all national database projects. The
database is explained in detail in Willuweit et al. (2007) and Roewer (2009).

1See http://www.yhrd.org

2See http://www. lifetechnologies.com/order/catalog/product/4359513

3See http://www.biotype.de/en/products/forensics/mentyper-argus-y-mhqs.html
4See http://www.promega.com/applications/hmnid/profiles/powerplexy.htm

5See http://www.promega.com/products/pm/genetic-identity/powerplex-y23/
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WELCOME TO THE Y CHROMOSOME
HAPLOTYPE REFERENCE DATABASE (YHRD)

The ability to identify male-specific DNA renders polymorphic Y-chromosomal sequences an invaluable
addition to the standard panel of autosomal loci used in forensic genetics (#rerl Roewer 2008). Y-STR
haplotyping is particularly important for sensitive typing of male DNA in mixed stains as well as for rapid
assortment of biological crime scene evidence. Moreover, Y chromosomal profiling can trace back
paternal lineages into the past and has thus been proven a useful tool in genealogical and kinship
testing. The individuality of the male-specific part of the ¥ chromosome can be optimally explored by
the Y¥-STR haplotype analysis using a set of highly variable short tandem repeat markers approved by
the forensic and scientific community. An extremely informative Y-STR core set or minimal haplotype
(minHt} amplifiable in a multiplex reaction has been recommended for court use : #DYS19,
F10YS3891, #10YS38911, #10YS390, 310YS391, F0DYS392, F1DYS393, F1DYS385ab (FrerKayser et
al. 1887 and #rer]Pascali et al. 1988). This core haplotype can be extended by other hypervariable Y-
STR loci (#1DYS438, F1DYS439, #1DYS437, F1DYS448, FDYS456, =1DYS458, FDYS635,
FIYGATAH4, #1DYS481, =1DYS533, F1DYS549, #1DYS570, #10YS576, FDYS643) to further
increase the power of discrimination (#FERAyub et al. 2000, #rer Redd et al. 2002, FrerMulero et al.
2006 and #mErVermeulen et al. 2009). With the establishment of the ¥ chromosome haplotype

SEARCH YHRD

[Enter terms

LATEST NEWS

| Release 44

On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 populations. A
large sample from France (Lille, Paris, [...]
Posted 1 month ago by Lutz Roewer

Mutation rates updated

The mutation rates for all STR loci were
updated, including fresh values for DY3576,
DYS481, DYS549, DYS533, DYSE70..]
Posted 3 months ago by Lutz Roewer

Release 43

We have updated the YHRD with 3.055 new
haplotypes from 40 populations. The YHRD has
now 112,005 haplotypes typed in 834 different

reference database (YHRD) in the year 2000 two important objectives are pursued:

-1
; Posted 5 months ago by Lutz Roewer
. Release 42

We have updated the YHRD with 3.452 new
haplotypes from 14 populations submitted by 16
research groups. The YHRD has now 108,949

. the generation of reliable Y-STR haplotype frequency estimates for Y-STR haplotypes to be used

in the gquantitative assessment of matches in forensic and kinship casework (#Search Haplotypes)
Il. the assessment of male population stratification among world-wide populations as far as reflected
by Y-STR haplotype frequency distributions (81 Population Analysis)

[
Posted 7 months ago by Lutz Roewer
To this end, a large and steadily growing number of diagnostic and research laboratories (&]Search

Crntribnitare) havae inined in a callabnrativa affart tn enllect nanilatinn data (5 Search Contrihntinng by : Release 1
Figure 1: YHRD Homepage

2 Current state of the database
By September 2013 allmost 115,000 9-locus Haplo-
types (including almost 56,000 YFiler Haplotypes) (see
Figure 2) from 851 sampling locations in 113 coun- 7
tries have been submitted by 237 institutes and lab- .
oratories. In geographic terms, about 39% of the
YHRD samples are from Europe, 32% from Asia, 17% .,
from South America, 6% from North America, 4%
from Africa and 2% from Oceania/Australia (see Fig- 12
ure 3).

17
We continuously receive new data from submitters
(haplotypes, mutation rates etc.) and update the YHRD

30.000 60.000 80.000 120.000

regularly. Since new releases replace the previous o
ones, the release number and date is an important part
of the "Search result" document. The Release Notes are
included in the bottom line of all documents.

Figure 2: Distribution of different Haplotype formats

3 Navigation through the Website

3.1 Search the Database - http://www.yhrd.org/Search

3.1.1 By Haplotype - http://www.yhrd.org/Search/Haplotype

The database can be searched for all single alleles and all allele combinations (see Figure 4). The database
supports the most frequently used Haplotype formats (e.g. Minimal, SWGDAM, Powerplex, YFiler and Y23 Hap-
lotypes) for which differently-sized databases exist. At each position of the mask the respective allele must be
entered (see Figure 5). The main sets of Markers are separated in different views (YHRD Standard see Figure 6,
PowerPlex Y, Yfiler see Figure 7, PowerPlex Y23 see Figure 8) for easier input. To facilitate the search the scroll-
down menu shows all alleles which have been observed in the database at the respective locus yet (see Figure 5).
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Please note: The database size will vary based on the loci you have entered.

+ 7 loci haplotype (DYS19, DYS3881, DYS389I1, DYS390, DYS391, DYS392, DYS393): 114256 haplotypes

« Minimal Haplotype (+ DYS385a/b): 112459 haplotypes

« SWGDAM haplotype (+ DYS438, DYS439): 85601 haplotypes

» Promega PowerPlex Y (+ DYS437): 67430 haplotypes

+ Applied Biosystems AmpFISTR Yfiler (+ DYS448, DYS456, DYS458, DYS635, YCGATAH4): 55828 haplotypes
« Promega PowerPlex Y23 (+ DYS576, DYS481, DYS549, DYS533, DYS570, DYS643): 5301 haplotypes

Y-SNPs:

« 130 Y-SNP branches (defined by 144 Y-SNP markers)
+ 11996 haplotypes with Y-SNP information

Figure 4: Search Haplotypes: Start

Pay attention to irregularly-spaced alleles which are named according to the ISFG recommendations (Gusmé&o
et al. (2006)). Alleles which are irregular at a certain locus are elsewhere documented®. The upper line displays
the 9 loci of the minimal Haplotype (see Figure 6). Nearly all Y chromosomes of the database are typed for the
minimal Haplotype. The second line of loci includes all other loci up to maximal 17. About 28% of all Y chromo-
somes in the database are typed with the extension of 17 loci (Yfiler). Clicking "Reset" empties the search mask.

The database has a structure which can be adapted
to your needs. Please choose in the mask the required
database, either the whole database or a Metapopule-

Asla tion database (e.g. Western European database, see
Latin America Figure 9), a national database (e.g. Argenting, see
Figure 10) or Y-SNP defined subset of the database
(see Figure 11)). Currently, you can choose from 34

Europe

North America

Aimea meta-populations (structured according to scientifically

Oceana | Australia evidenced hierarchy, see 2) or 113 national databases
reete (from Afghanistan to Yemen). If you choose the default

; . ys000 - wo, database (Whole database) the result table shows the

average frequency of the Haplotype in all Metapop-
ulations and the confidence intervals. In addition, the
number of single populations with matches is shown. By
clicking the arrow to the left subdivisions of Metapopulations with match-numbers become visible (see Figure 12).

Figure 3: Continental distribution of Haplotypes

The bar beneath the search mask allows to select a match statistic within Metapopulations, continents (see Figures
6, 12 and 14) or Haplogroups (see Figure 16). Of course, the previously chosen Metapopulation influences the
presentation of matches at continents. In addition, a third button "Frequency surveying estimates" allows to extrap-
olate frequencies of rare or absent Haplotypes from a-priori distributions (Roewer et al. (2000), see Figure 15).
This option is yet only feasible for full minimal Haplotypes and the Western, Eastern and Southeastern European
Metapopulation. The Haplogroup tab is reflecting the Y-SNP distribution of the resulting haplotypes.

Scrolling further down shows a scalable and movable map on basis of the Google Maps software, with the rela-

6See http://www.yhrd.org/Research/Loci
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PowerPlex Y (+ DYS437): 67430 haplotypes
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iplotypes with Y-SNP information

Figure 5: Search Haplotypes: Enter Haplotype
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¥ All Metapopulation: Found 56 of 55827 matching haplotypes [f=1.003x 103 (35% Cl: 7.578 x 104 — 1.302x 10-3)] in 32 of 389 populations.
% Eurasian Metapopulation: Found 33 of 23259 matching haplotypes [f=1.419x 109 (35% Cl: 9.768x 10 — 1.992x 10-3)] in 19 of 172 populations.
¥ East Asian Metapopulation: Found 0 of 15653 matching haplotypes [f=0 (35% CI: 0 — 2.355x 10#)] in 0 of 73 populations.
“ Australian Aboriginal Metapopulation: Found 5 of 766 matching haplotypes [f=6.527 x 103 (95% 2.123x109 - 1.517=102)] in 1 of 1 populations.
 African Metapopulation: Found 4 of 2131 matching haplotypes [/=1.877 <103 (95% Cl: 5.117 % 4.799x10%)] in 2 of 13 populations.
: 0 — 2.896x 109)] in 0 of 46 populations.
 Eskimo Aleut Metapopulati Found 0 of 289 matching haplotypes [f=0 {(35% CI: 0 — 1.288x 102)] in 0 of 2 populations.
 Afro-Asiatic Metapopulation: Found 0 of 2492 matching haplotypes [f=0 0 —1.479x109)] in 0 of 25 populations.
% Admixed Metapopulation: Found 14 of 9959 matching haplotypes [f=1.406x 109 (95% Cl: 7.688 < 10 — 2.358 = 10-9)] in 10 of 67 populations.

Geographical projection

Figure 6: Search Haplotypes: YHRD Standard Haplotype input mask
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¥ All Metapopulation: Found 56 of 55827 matching haplotypes [f=1.003x 103 (35% Cl: 7.578 x 104 — 1.302x 10-3)] in 32 of 389 populations.
% Eurasian Metapopulation: Found 33 of 23259 matching haplotypes [f=1.419x 109 (g :9.768 % 10 — 1,992 x 109)] in 19 of 172 populations.
¥ East Asian Metapopulation: Found 0 of 15653 matching haplotypes [f=0 (35% CI: 0 — 2.355x 10#)] in 0 of 73 populations.
% Australian Aboriginal Metapopulation: Found 5 of 766 matching haplotypes [i—G 527 x 103 (95% Cl: 2.123x 103 - 1.5617x102)] in 1 of 1 populations.
 African Metapopulation: Found 4 of 2131 matching haplotypes [/=1.877 <103 (95% Cl: 5.117 % 104 - 4.799% 103)] in 2 of 13 populations.
 Native American Metapopulation: Found 0 of 1272 matching haplotypes [f=0 (95‘3/ : 0 — 2.896x 109)] in 0 of 46 populations.
% Eskimo Aleut Met lati Found 0 of 289 matching haplotypes [f=0 {35%

pop

 Afro-Asiatic Metapopulation: Found 0 of 2492 matching haplotypes [f=0

0 —1.479x109)] in 0 of 25 populations.
7.688x 104 — 2.358 x 10)] in 10 of 67 populations.

Figure 7: Search Haplotypes: Yfiler Haplotype input mask
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% All Metapopulation: Found 1 of 5301 matching haplotypes [/=1.886 x 10+ (95% Cl: 4.776 = 10 — 1.051 x 103)] in 1 of 37 populations.
 Eurasian Metapopulation: Found 1 of 2675 matching haplotypes [/=3.738 x 10 (95% Cl: 9.465x 100 — 2.081x 109)] in 1 of 20 populations.
“ East Asian Metapopulation: Found 0 of 530 matching haplotypes [f=0 (95% CI: 0 — 6.233 x 103}] in 0 of 4 populations.

» Australian Aboriginal Metapopulation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of 0 populations.

 African Metapopulation: Found 0 of 840 matching haplotypes [f=0 (35% Cl: 0 — 5.747 % 109)] in 0 of 2 populations.

 Native American Metapopulation: Found 0 of 270 matching haplotypes [/=0 (95% C!_ 0-1.357x102)] in 0 of 3 populations.
“ Eskimo Aleut Metapopulation: Found 0 of 289 matching haplotypes [f=0 (3 —1.268x102)] in 0 of 2 populations.
 Afro-Asiatic Metapopulation: Found 0 of 50 matching haplotypes [f=0 (35% CI: 0 - 7.1 12x102)] in 0 of 1 populations.
 Admixed Metapopulation: Found 0 of 787 matching haplotypes [/=0 (2! 0 —4.676x 109)] in 0 of 5 populations.

Geographical projection
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Figure 8: Search Haplotypes: PowerPlex Y23 Haplotype input mask
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¥ All Metapopulation: Found 24 of 9544 matching haplotypes [f=2.515x 107 (95% Cl: 1.612x 103 — 3.739x 109)] in 15 of 62 populations.
% Eurasian Metapopulation: Found 24 of 9544 matching haplotypes [/=2.515x 103 1.612x 103 — 3.739 % 107)] in 15 of 62 populations.
 East Asian Metapopulation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of O pop ns.
 Australian Aboriginal Metapopulation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.
 African Metapopulation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.
s Native American Metapopulation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of 0 populations.
 Eskimo Aleut Metapopulati Found 0 of 0 matching haplotypes [/=0.0] in 0 of O populations.
 Afro-Asiatic Metapopulati Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.
% Admixed Metapopulation: Found 0 of 0 matching haplotypes [=0.0] in 0 of 0 populations.

Geographical projection

Figure 9: Search Haplotypes: Search in Metapopulations
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 East Asian Metapopulation: Found 0 of 15659 matching haplotypes [f= Cl:0-2385x10%)]in0¢ ., o Republic
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“ Native American Metapopulation: Found 0 of 1272 matching haplotypes [f=0 (2 0-2.896x109)] |  Egypt
“ Eskimo Aleut Metapopulation: Found 0 of 289 matching haplotypes [f=0 (95% Cl: 0 — 1.268x102)] in0|  El Salvador
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Figure 10: Search Haplotypes: Search in national databases
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¥ All Metapopulation: Found 7 of 9952 matching haplotypes [/=7.034 x 10 (95% Cl: 2.828x 10 — 1.449x 109)] in 7 of 147 populations.
“ Eurasian Metapopulation: Found 7 of 4575 matching haplotypes [/=1.53x 109 (35% Cl: 6.154x 104 — 3.15x 109)] in 7 of 56 populations.
“ East Asian Metapopulation: Found 0 of 3562 matching haplotypes [f=0 (35% —1.035x 109)] in O of 41 populations.
* Australian Aboriginal Metapopulation: Found 0 of 0 matching haplotypes [£=0.0] in 0 of 0 populations.
“ African Metapopulation: Found 0 of 242 matching haplotypes [f=0 (35% Cl: 0 — 1.513x 102)] in 0 of 6 populations.
 Native American Metapopulation: Found 0 of B92 matching haplotypes [f=0 (35% Cl: 0 — 4.127 % 109)] in 0 of 39 populations.
“ Eskimo Aleut Metapopulation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.
“ Afro-Asiatic Metapopulation: Found 0 of 294 matching haplotypes [f=0 (95% Cl: 0 — 1.247 x 102)] in 0 of 3 populations.
 Admixed Metapopulation: Found 0 of 387 matching haplotypes [f=0 (95% Cl: 0 — 9.487 x 103)] in 0 of 2 populations.

Geographical projection

Ay S T s

Figure 11: Search Haplotypes: Search in Y-SNP defined groups
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¥ All Metapopulation: Found 56 of 55827 matching haplotypes [f=1.003x 103 (35% Cl: 7.578 x 104 — 1.302x 10-3)] in 32 of 389 populations.
% Eurasian Metapopulation: Found 33 of 23259 matching haplotypes [f=1.419x 109 (35% Cl: 9.768x 10 — 1.992x 10-3)] in 19 of 172 populations.
¥ East Asian Metapopulation: Found 0 of 15653 matching haplotypes [f=0 (35% CI: 0 — 2.355x 10#)] in 0 of 73 populations.
“ Australian Aboriginal Metapopulation: Found 5 of 766 matching haplotypes [f=6.527 x 103 (95% 2.123x109 - 1.517=102)] in 1 of 1 populations.
 African Metapopulation: Found 4 of 2131 matching haplotypes [/=1.877 <103 (95% Cl: 5.117 % 4.799x10%)] in 2 of 13 populations.
: 0 — 2.896x 109)] in 0 of 46 populations.
 Eskimo Aleut Metapopulati Found 0 of 289 matching haplotypes [f=0 {(35% CI: 0 — 1.288x 102)] in 0 of 2 populations.
 Afro-Asiatic Metapopulation: Found 0 of 2492 matching haplotypes [f=0 0 —1.479x109)] in 0 of 25 populations.
% Admixed Metapopulation: Found 14 of 9959 matching haplotypes [f=1.406x 109 (95% Cl: 7.688 < 10 — 2.358 = 10-9)] in 10 of 67 populations.

Geographical projection

Figure 12: Search Haplotypes: Results by Metapopulation
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¥ All Metapopulation: Found 56 of 55827 matching haplotypes [f=1.003x 103 (35% Cl: 7.578 x 104 — 1.302x 10-3)] in 32 of 389 populations.
¥ Eurasian Metapopulation: Found 33 of 23259 matching haplotypes [f=1.413x 103 (g : 9.768 < 10 — 1,992 109)] in 19 of 172 populations.

“ Europ Metapopulati Found 33 of 17545 matching haplotypes [f=1.8813x 103 ({ Cl: 1.295x 103 — 2.64x 109)] in 19 of 109 populations.
“ Western Europ: Metapopulation: Found 24 of 9544 matching haplotypes [f=2.515x 109 (95% Cl: 1.612x 109 — 3.739x 109)] in 15 of 62 populations.
“ Eastern Europ Metapopulation: Found 1 of 3959 matching haplotypes [f=2.526 = 10 (35% CI: 6.395% 105 — 1 .407 x 109)] in 1 of 26 populations.
“ South-Eastern Europ: Metapopulation: Found 0 of 1856 matching haplotypes [f=0 (35% Cl: 0 — 1.986x 109)] in 0 of 15 populations.

“ Altaic Metapopulation: Found 0 of 2381 matching haplotypes [f=0 (35% CI: 0 — 1.54Bx 103)] in 0 of 25 populations.

“C ian Met lation: Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.

o Urallc-‘l'ukaghlr Metapopulatlon Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.

“Indo-l Metapopulation: Found 0 of 1063 matching haplotypes [f=0 (35% Cl: 0 — 3.445x 109)] in 0 of 18 populations.

“Indian Metapopulation: Found 0 of 2073 matching haplotypes [f=0 (95% Cl: 0 — 1.778 % 10:3)] in O of 19 populaticns.
 East Asian Metapopulation: Found 0 of 15653 matching haplotypes [f=0 (35% CI: 0 — 2.355x 10#)] in 0 of 73 populations.
 Australian Aboriginal Metapopulation: Found 5 of 766 matching haplotypes [f=8.527 % 109 (35% Cl: 2.123x 109 - 1.517x 102)] in 1 of 1 populations.
¥ African Metapopulation: Found 4 of 2131 matching haplotypes [f=1.877x 103 (5% Cl: 5.117x 10 — 4.789x 109)] in 2 of 13 populations.
“ Native American Metapopulation: Found 0 of 1272 matching haplotypes [f=0 (9 10— 2.896x109)] in 0 of 46 populations.
 Eskimo Aleut Metapopulati 0-1.268x102)] in 0 of 2 populations.

it i ! 0-1.479% 109)] in 0 of 25 populations.
.thlorglseamh}Hap‘owms“w i I 4 AN .. 4N INEDd ML 7 200 .. 4.4 ANCO.. 4N e AN md 07 mmmidmdinma

Figure 13: Search Haplotypes: Results by Metapopulation: Open hierarchy
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™ Africa: Found 0 of 1907 matching haplotypes [f=0 (95% Cl: 0 — 1.933x 109)] in 0 of 23 populations.

 Oceania / Australia: Found 11 of 1844 matching haplotypes [£=5.965x 109 (95% Cl: 2.982x 10 — 1.065 % 102)] in 2 of 2 populations.
¥ Europe: Found 18 of 13371 matching haplotypes [f=1.348x 102 (95% Cl: 7.98x 10 — 2.127x 109)] in 14 of 100 populations.

% Arctic: Found 0 of 441 matching haplotypes [f=0 0-8.33x109)] in 0 of 3 populations.

% Asia: Found 0 of 22877 matching haplotypes [f=0 0-1.612x10%)] in 0 of 142 populations.

¥ Latin America: Found 15 of 10137 matching haplotypes [/=1.48x 103 (95% Cl: 8.284x 104 — 2.439x 109)] in 11 of 113 populations.
% North America: Found 12 of 5250 matching haplotypes [f=2.286 x 103 (35% Cl: 1.182x 109 — 3.989 x 109)] in 5 of 18 populations.

Geographical projection

Figure 14: Search Haplotypes: Results by Continent
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w#'Y: Found 10 of 9952 haplotypes in that branch
W [# BF (BF): Found 10 of 11920 haplotypes in that branch
[#'CF (CF): Found 10 of 11905 haplotypes in that branch
[# C+F {C+F): Found 10 of 10322 haplotypes in that branch
@'F (F): Found 10 of 9810 haplotypes in that branch
# K (K): Found 10 of 7527 haplotypes in that branch
P (P): Found 10 of 4750 haplotypes in that branch
# R (R): Found 10 of 3476 haplotypes in that branch
[ R-M173 [R-P225, R-P231, R-P233, R-P234, R-P236, R-P238, R-P242, R-P286, R-P294, R-V45] (R1): Found 10 of 3401 haplotypes in that branch
= R-M343 (R1b): Found B of 2220 haplotypes in that branch
TR-P297 (R1b1b): Found 7 of 1905 haplotypes in that branch
[+ R-M269 [R-L265, R-M520, R-510, R-513, R-517, R-S3] (R1b1b2): Found 7 of 1905 haplotypes in that branch
' R-L23 {): Found 3 of 928 haplotypes in that branch
& R-M412 (): Found 3 of 923 haplotypes in that branch
[ R-L11 [R-L151, R-L52, R-P310, R-P311] (R1b1b2a): Found 3 of 310 haplotypes in that branch
F R-U106 (R1b1b2a1): Found 2 of 387 haplotypes in that branch
& R-8116 (R1b1b2a2): Found 1 of 514 haplotypes in that branch
' R-U152 [R-528] (R1b1b2a2g): Found 1 of 280 haplotypes in that branch

Pac: ?‘II
(Ruseia) |

Figure 15: Search Haplotypes: Results by Haplogroup
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f with given not in the : Mean: 9.041x107 Mode: 8.866x10°2
with given Inel in the Mean: 9.218x 103, Mode: 9.043x10°3
Afro-Asiatic - Semitic
F with given not in the : Mean: 6.08x10% Mode: 5.707 =10
with given Incl in the Mean: 6.475x10°%, Mode: 6.091x10°%
East Asian - Japanese
f with given not in the :Mean: 480310 Mode: 4.334x10°*
with given Incl in the Mean: 5.472x10°%, Mode: 4.903x10°
East Asian - Korean
f with given not in the :Mean: 2.431x10% Mode: 1.758x10°*
with given Incl in the Mean: 3.104x10°%, Mode: 2.431x10°
East Asian - Sino-Tibetan - Chinese
f with given not in the : Mean: 2.157x10°% Mode: 1.702x10°*
with given Incl in the Mean: 2.612x10°% Mode: 2.157x10°*
Eurasian - Altaic
f with given not in the : Mean: 6.465x 10 Mode: 5.346x10°*
with given Incl in the Mean: 7.584 x10°%, Mode: 6.466x10°
Eurasian - European - Eastern European
f with given not in me :Mean: 5.523x 107 Mode: 5.458x10°°
with given Inel in the Mean: 5.589x 107, Made: 5.524x10°3

f with given not in me : Mean: 6.366x 107 Mode: 6.223x10°

f with given in the Mean: 6.511x107 Mode: 6.367x10°2
Eurasian - European - Western European

f with given not in me :Mean: 43312102 Mode: 4.327x10°2

f with given in the Mean: 4334102 Mode: 4.331x10°2
Eurasian - Indian

F with given not in the Mean: 6.073x10% Mode: 5.342x10*

F with given in the Mean: 6.804 x 10%, Mode: 6.073=10*
Eurasian - Indo-Iranian

f with given not in me :Mean: 1.782x107 Mode: 1.512x10°°

f with given in the Mean: 2.052x10% Mode: 1.782x10°2

Frequency surveying estimates

Figure 16: Search Haplotypes: Results by Frequeny Surveying
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Figure 17: Search Haplotypes: Geographical projection

tive proportion of matches shown in red/blue for each Geoposition (see Figure 17). lts possible to select from a
scroll-down menu all Geopositions either matched or non-matched, only those with matches or only those with a
frequency between 20-80% of the maximal frequency (see Figure 19). There are additional tools for custom zoom-
ing the result map (see Figures 20, 21 and 22). Clicking a Geoposition in the map opens a window with essential
information on the population sample, including name, assigned continent, ethnicity and Metapopulation as well
as the frequency of the searched Haplotypes at this position. Please take in mind, that at a given Geoposition
more than one population could have been sampled (see Figure 18).

Further down a table with all matched Haplotypes is shown ordered according to N (see Figure 23). Clicking to
the headers changes the sorting order of the entries in the column (ascending or descending).

The next table shows all "Neighbour Haplotypes" and their frequencies with 1 repeat step up or down per locus
(see Figure 24). This feature is very useful to find a cluster of evolutionary related Haplotypes surrounding the
most frequent (or modal) Haplotypes of the cluster. By clicking the two little arrows on the right a new search is
enabled for the respective neighboring Haplotype.

The population summary beneath these tables finally presents the matches per single population sample ordered
(in default modus) by absolute numbers (see Figure 25). Again, clicking the headers changes the criterion of
sorting order. Clicking in the population name opens a window with essential information on the contributor(s) or
submitting institutions (see Figure 26). The accession number for this population can be clicked in this window and
guides you directly to the "Contributors" page. Clicking the "Reference" opens the reference with further informa-
tion.

At the bottom of the "Result page" you'll find a release note (see Figure 27) with the date and number of the current
version of the database as well as the filling state.

Nomenclature for all loci follows the ISFG recommendations (Gusmdéo et al. (2006)). Please note, that the nomen-
clature for the GATA H4 locus as defined by the allelic ladder in the YFiler kit does not follow this recommendation;
to avoid errors introduced by conversion of one nomenclature to another we have decided to use the YFiler nomen-
clature at this locus for the YHRD.
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Figure 18: Search Haplotypes: Geographical projection: Geoposition information window
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Figure 20: Search Haplotypes: Geographical projection: Auto-Zoom and Auto-Fit
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Figure 21: Search Haplotypes: Geographical projection: Zoom tool
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alellellf YHAD - Search/Haplotypes M

€ > C | [ wwwyhrd.org/Search/Haplotypes;;s GOy % &

Matching haplotypes
unmmmmamnmmmmmmnmnmnmmm—

11,14 z SRY10831.2 :sn;nmm 2 (Asas0s: R-M448, R-M4S3, RAMSTE, YOO, | >
4 14 13 28 24 11 13 13 1412 12 15 18 16 17 2 12 I I T P R ¥ ] R-M289 (Alases: R-L265, R-M520, R-510, R-513, R-S17. >
R-S3; YCC: R1b1b2)
2 14 13 2 24 1 13 13 11,14 12 12 15 19 1% 17 23 12 -1 -1 -1 -1 -1 -1 M173 R-M173 (Alases: R-P225, R-P231, R-P233, R-P234, R- >
P236, R-P238, R-P242, R-P285, R-PZ34, R-V45, YCC: R1)
2 14 13 2@ 24 M 13 13 MW 1R 15 19 16 17 2@ 12 A a4 A ue R-U106 (YCC: R1b1b2a1) =
114 13 28 24 11 13 13 114 92 (12 15 19 16 17 23 12 A [ [ [ [ sz R-U152 (Alases: R-528: YCC: R1b1b2a2g) -
1 14 13 28 2 11 13 13 114412 (12 15 19 16 17 23 12 N ENENENENCT R-M343 (YCC: Rib) =
114 13 28 24 11 13 13 11,04 12 (12 15 18 16 17 28 12 22 13 13 18 11 SAY108312 gis;‘\;rmaau.z (ASases: R-MA48, R-M450, R MSTE; YOO: | >
a
114 12 12 15 18 16 17 23 12 17 14 13 16 10  SRY10831.2 R-SRY10831.2 (ASases: R-M448, R-M459, R-M516; YCC: >

Riaft)
SRY10831.2 R-SRY10831.2 (Alases: R-M448, R-M458, R-M516; YCC: | =>
Riat)

>
&
B OB
) B
&
=

1 13 13 11,14 12 12 15 18 16 17 2

&
=
&
B
=
3
E3
a8

1 4 13 29 24 1 13 13 11,14 12 12 15 19 16 1723 12 18 2 13 12 17 10 SRY10831.2 mmum;mmmw:m =
1 14 |13 28 24 n 13 13 114 12 12 15 18 16 7 23 12 19 23 12 12 7 10 SRY10831.2 I':-‘if‘l,ﬂﬂﬂ.'ﬂ.z (Akxses: R-M448, R-M459, R-M516; YOO | >>
i 14 13 2 24 1 13 13 11,14 12 12z 15 19 16 T 12 198 2 12 12 18 10 SRY10831.2 wmuum: R-M448, R-M459, R-M516; YCC:  >>
1 14 |13 28 24 1 13 13 11,14 12 1z 15 19 1% 17 23 12 22 13 12 17 11 SRY10831.2 :3&:{;{10&31.2 (ASases: R-M448, R-M459, R-M516; YOO | >
1 14 12 1 13 13 M2 12 15 1\ 18 7 28 12 ® B/ 13 12 2 10 SRYIEN.2 wmmm: R-M448, R-M458, R-M516; YCC:  »>

Neighbor haplotypes
E-mmmmﬂmn-mm_mmmﬂﬁ-mu-

14 13 29 24 11 11,14 23 58

14 13 2 24 " 13 13 1.4 12 12 15 19 16 16 23 12 m’| =
14 13 2 4 10 13 13 1.4 12 12 15 19 16 17 2 12 2 >
14 13 29 o L} 13 13 1,15 12 12 15 19 16 7 23 12 20 >
14 13 29 24 1" 13 13 1,14 12 12 15 19 16 18 23 12 L
14 13 29 24 " 13 13 1,4 12 13 15 19 16 7 23 12 19 ==
14 13 29 24 11 13 13 1,14 12 11 15 19 16 17 F=l 12 17 ==
14 13 2 24 bL 13 13 11,14 12 12 15 19 AL 7 3 12 16 >
14 13 23 3 1 13 13 14 12 12 15 19 16 17 23 12 " >
14 13 29 24 " 13 13 1214 12 12 15 19 16 7 23 12 13
14 13 30 24 1 13 13 114 12 12 15 19 16 w7 23 12 12
14 13 2 25 " 13 13 1.4 12 12 15 19 16 i 23 12 1" >

Figure 23: Search Haplotypes: Matching Haplotypes
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& of 1078
6 of 1475
5 of 766
4 of 587
3 of 1431
3 of 386
2ofdB

2 of 637
2 of 384
1 of 168
1 of 141

1 of 57

10f129
1 of 185
1 of 187
1 0f 243
10of 77

10f 270
1of 81

1 of 225
1 of 167
1of 48

1 of B7

1of 122
1 of 205
1 of 100
1of 81

1 of 485

Australia [Eurcpean]

United States [European American]
Australia [Aboriginal]

Buencs Aires, Argentina [Admixed]
United States [African American]
Central Portugal, Portugal [Portuguese]
Trino Piedmont, Italy [Italian]

Rio de Janeiro, Brazil [Admixed]
Ravenna, Italy [Italian]

Basque Country, Spain [Basque]
Jamaica [Jamaican]

Grand Bahama, Bahamas [Bahamian]
llingis, United States [European American]
Nicaragua [Mestizo]

Basque Country, Spain [Spanish]

Rio Grande do Sul, Brazi [Admixed]
Parand, Brazil [Admixed]

East Tyrol, Austria [Tyrolean]

Paris, France [French]
Oberdstereich, Austria [Austrian]
Huelva, Spain [Spanish]

|daho, USA [Basque]

Biscay, Spain [Basque]
Noord-Brabant, Netherlands [Dutch]
Bahia, Brazil [Admixed Brazilian]

Rio de Janeiro, Brazil [African]

Porto Alegre, Brazil [European]
Warsaw, Poland [Polish]

Figure 25: Search Haplotypes: Population summary
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Population summary

m Geoposition [Population] m

& of 1078 Australia [European] ] Duncan Taylar (YCO00223) Oceania / Australia
6of 1475 United States [European American] [RECE e North America
5 of 766 Australia [Aboriginal] emal :‘uhmn ayir@sa gov.as Oceania / Australia
4 of 587 Buenos Aires, Argentina [Admixed] Phone (08) 82267700 Latin America
3 of 1431 United States [African American] g‘?ﬂm g]a:;ﬁf;]n[grs Proficiency tests by ANZPAA and CAP) North America
30f386 Central Portugal, Portugal [Portuguese Number ] YAQD3097 Europe
20fdB Trino Piedmont, Italy [Italian] [Reference  FREF] Taykor & Henry 2012 Europe
2 of 837 Rio de Janeiro, Brazil [Admixed] Latin America
2of 384 Ravenna, Italy [Italian] ELCSE x Eurcpe
1 of 168 Basque Country, Spain [Basque] Europe
1 of 141 Jamaica [Jamaican] Admixed Latin America
1 of 57 Grand Bahama, Bahamas [Bahamian] Admixed North America
10of128 llingis, United States [European American] Eurasian - European North America
1 of 1685 Nicaragua [Mestiza] Admixed Latin America
1 of 187 Basque Country, Spain [Spanish] Eurasian - European - Western European Europe
10f243 Rio Grande do Sul, Brazil [Admixed] Admixed Latin America
1of 77 Parand, Brazil [Admixed] Admixed Latin America
1 0of 270 East Tyrol, Austria [Tyrolean] - = Western Europe
1of 81 Paris, France [French] Eurasian - European - Western European Europe
1 of 225 Oberdstereich, Austria [Austrian] ian - European - Western Europ Europe
1of 167 Huelva, Spain [Spanish] Eurasian - European - Western European Europe
1 of 48 |daho, USA [Basque] ian - European - Western Europ North America
1 of BT Biscay, Spain [Basque] Eurasian - European - Western European Europe
1 of 122 Noord-Brabant, Netherlands [Dutch] ian - European - Western Europ Europe
1 of 205 Bahia, Brazil [Admixed Brazilian] Admixed Latin America
1 of 100 Rio de Janeiro, Brazil [African] African - Afro-American Latin America
1of 81 Porto Alegre, Brazil [European] Eurasian - European Latin America

www.yhrd.org /Search/Haplotypes;;s#population_info_743 ] ian - P - Eastern p Eurcpe

Figure 26: Search Haplotypes: Contributor information
8006 / ["] YHRD - Search/Haplotypes \(thHRD - Y Chromosome H- \D ; ; ; ; P
€& - C [} www.yhrd.org/Search/Haplotypes;;s @ e o & o :EI 8 =
5 E 1 & i e

1of43 Long Island, Bahamas [Bahamian] Admixed North America
10f81 Majorca, Spain [Spanish] ian - = Western Europe
1of 31 San Giorgio La Molara [Italy] [Italian] Eurasian - European - Scuth-Eastern European Europe
1of23 Catamarca / La Rioja, Argentina [Diaguita] Native American Latin America
1of 57 Grand Bahama, Bahamas [Bahamian] Admixed North America
1 of 628 Eastern Slovakia, Slovakia [Slovakian] ian - European - Eastern Europ Europe
10f75 Cabinda, Angola [African] African - Sub-Saharan Africa
1 of 88 Risaralda, Colombia [Mestiza] Admixed Latin America
1 of 80 Cuneo, ltaly [Italian] Eurasian - European - Western European Europe
1 of 187 Macapd, Brazil [Admixed Brazilian] Admixed Latin America
1of 73 Bohemia, Czechia [Czech] Eurasian - European - Eastern European Europe
1 of48 Hradec Kralove, Czech Republic [Czech] ian - - Eastern Europe
10of 158 Mérida, Mexico [Mestizo] Admixed Latin America
1of 84 Pardubice, Czech Republic [Czech] ian - European - Eastern Europ Europe
10f 216 Southern Moravia, Czech Republic [Czech] Eurasian - European - Eastern European Europe
1 of 181 Northern Greece, Greece [Greek] Eurasian - European - South-Eastern European Europe
1of 102 Espirito Santo, Brazil [Brazilian] Admixed Latin America
10f50 Alpujarra de la Sierra, Spain [Spanish] ian - = Western Europe
1of 88 DQost-Viaanderen, Belgium [Belgian] Eurasian - European - Western Eurcpean Europe
1 of 47 ‘Walloon, Belgium [Belgian] ian - - Western Europe
1 of 86 |biza, Spain [Spanish] Eurasian - European - Western European Europe
1 of 58 Catanzaro, Italy [Italian] Eurasian - European - Scuth-Eastern European Europe
10f 74 Chubut, Argentina [Mapuche] Native American Latin America

Release Notes

This is Release 44 built at 12 July 2013 15:41 (GMT) consisting of 114256 haplotypes within 851 populations.

Figure 27: Search Haplotypes: Release notes
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= Sascha Willuweit = Sign off =Home

Haplotypes
SNFP

| Download Manual !
Populations '
Contributors
Contributions

Please select an Y-SNP branch National database
‘Whole database

Please note: The database size will vary based on the loci you have entered.

» 7 loci haplotype (DYS19, DYS3881, DYS38911, DYS390, DYS391, DYS392, DYS393): 114256 haplotypes
+ 9loci haplotype (+ DYS385a/b): 112459 haplotypes
+ 11 loci haplotype (+ DYS438, DYS439): 85601 haplotypes
12 loci haplotype (+ DYS437): 67430 haplotypes
+ 17 loci haplotype (+ DYS448, DYS456, DYS458, DYS635, YGATAH4): 55828 haplotypes

Y-SNPs:

+ 130 Y-SNP branches (defined by 144 Y-SNP markers)
+ 11996 haplotypes with Y-SNP information

Figure 28: Search SNPs: Start

3.1.2 By SNPs - http://www.yhrd.org/Search/SNPs

The SNP Search (see Figure 28) option allows to select the Y-SNP / Haplogroup (see Figure 29) to receive statistics
(analogous to Haplotypes search, see Figures 30, 31 and 32) and all STR haplotypes (see Figure 33) which were
typed for the respective SNPs and fall in a certain branch (see Figures 28, 28). All Y-SNP branches and markers
are linked to their corresponding fact sheet (see Figures 30 and 31).

A list of invalid Y-SNP markers can be found at Bad Y-SNPs Page” (see Figure 36).

7See http://www.yhrd.org/Analyse/BYSNP
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0-P203 (Olal)
0-M268 [0-P31] (02)

0-M95 (022) L
0-M176 [0-022454, O-IMS-JST022454, 0-P4G, O-SRY465) (02b)
0-47Z (02b1)

O beu L6
0-M122 [0-P198] (03)
0-M324 [D-P197, 0-P199, O-P200, O-P83] (D3a) = Sascha Willuwelt +Sign off +Home
0-P201 [0-021354] (03a3)
0-M7 (03a3b)
0-M134 (03a3c)

0-M117 [0-M133] (O3a3c1)
P (P}

Download Manual
R44: Q@
Q-P36.2 (Q1)
0Q-MEH2 (Qla)
Q-M346 (Qla3)
Q-M3 (Qla3a) National datal
Q-M19 (Qla3al) Whole database
Q-M189 [Q-M320, Q-P106, Q-P292] (Qla3a3)
R(R)

R-M420 [R-M449, R-M511, R-M513] (R1a)
J R-SRY10831.2 [R-M448, R-M459, R-M516] (R1al)

R-M17 [R-M198, R-M417, R-M512, R-M514, R-M5 15, R-Page07] (R1ala)
R-M458 (R1ala7)

R-M343 (R1b)

R-M173 [R-P225, R-P231, R-P233, R-P234, R-P236, R-P238, R-P242, R-P286, R-P204, R-V45] (R1)

-9.589x 102)] in 51 of 173 populations.
R:P297,R1b1b) ¥5 —9.771x 104)] in 1 of 70 populations.
R-M269 [R-L265, R-M520, R-510, R-513, R-517, R-53] (R1b1h2)
R-123 ()
R-M412 ()

n 0 of 41 populations.

ans.
R-L11 [R-L151, R-L52, R-P310, R-P311] (R1blb2a) f 7 populations.
R-U106 (R1blb2al) 1493 — 0.7951)] in 47 of 47 populations.
R-5116 (R1b1b2a2)
R-U152 [R-528] (R1b1b2a2g) 1 0 of 5 populations.
R-M529 ()
L R-M222 (R1blb2aZe)

R-M153 (R1b1lb2a2c)
R-ML167 (R1b1lb2a2d)
R-VEE (R1bla)
R-M124 [R-P249, R-P267| (R2)

2 —10.1238)] in 3 of 3 populations.

Figure 29: Search SNPs: Select a Y-SNP branch
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=Sascha Willuwsit -Sign off +Home
Haplotypes
SNPs

Populations
Contributors

Download Manual !
Contributions

0Q-M3 (Qla3a)

Maf

Whole database

Maiches govped by etpopuaton o rovpes o apigous

% All Metapopulation: Found 1087 of 11996 matching haplotypes [f=9.061 x 102 (35%

: B.553x 102 — 8.589 x 102)] in 51 of 173 populations.
“ Eurasian Metapopulation: Found 1 of 5700 matching haplotypes [f=1.764x 10 (95% Cl: 4.4425x 10 — 8.771x10)] in 1 of 70 populations.
“ East Asian Metapopulation: Found 0 of 3562 matching haplotypes [f=0 (35% Cl: 0 — 1.035x 109)] in 0 of 41 populations.
 Australian Aboriginal Metapopulation: Found 0 of 0 matching haplotypes [£=0.0] in 0 of O populations.

“ African Metapopulation: Found 0 of 317 matching haplotypes [f=0 (95% CI: 0 — 1.157 x 102}] in 0 of 7 populations.

% Native American Metapopulation: Found 1024 of 1325 matching haplotypes [f=0.7728 (35% CI: 0.7493 — 0.7951)] in 47 of 47 populations.
 Eskimo Aleut Metapopulati

Found 0 of 0 matching haplotypes [f=0.0] in 0 of O populations.
 Afro-Asiatic Metapopulati

Found 0 of 458 matching haplotypes [f=0 (35% CI: 0 — B.022x 103)] in 0 of 5 populations.
“ Admixed Metapopulation: Found 62 of 834 matching haplotypes [/=9.779x

(85% Cl: 7.5Bx 102 — 0.1236)] in 3 of 3 populations.

Geographical projection

sunl

Figure 30: Search SNPs: Results by Metapopulation
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Haplotypes

SNP:
P E1 i Download Manual !
'opulations '

Contributors
Contributions

0Q-M3 (Qla3a)

Matches grouped by Metapopulations Matches grouped by Continents

¥ Afriea: Found O of 495 matching haplotypes [f=0 (35% Cl: 0 — 7.425x 103)] in 0 of 8 populations.

% Oceania / Australia: Found 0 of 0 matching haplotypes [f=0.0] in 0 of 0 populations.

% Europe: Found 1 of 5237 matching haplotypes [/=1.909x 10+ (35% Cl: 4.834x10% — 1.083 % 109)] in 1 of 62 populations.
W Arctic: Found O of 0 matching haplotypes [f=0.0] in O of 0 popula .

™ Asia: Found 0 of 4154 matching haplotypes [f=0 (95% Cl: 0 — B.876x 104)] in 0 of 48 populations.

¥ Latin America: Found 1035 of 1859 matching haplotypes [£=0.5568 (95% CI: 0.5338 — 0.5795]] in 46 of 48 populations.

¥ North America: Found 51 of 251 matching haplotypes [f=0.2032 (95% 0.1552 — 0.2583)] in 4 of 7 populations.

Geographical projection

- suamil
Frod s B

www.yhrd.org /Search/SNPs; snp#martches_continents

Figure 31: Search SNPs: Results by Continent
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Haplotypes

SNP:
P E1 i Download Manual !
'opulations '

Contributors
Contributions

0Q-M3 (Qla3a)

betces ouped by etpopuir Naiches grouped by el

W[AY: Found 1087 of 11996 haplotypes in that branch
%[ BF (BF): Found 1087 of 11920 haplotypes in that branch
“[# CF (CF): Found 1087 of 11905 haplotypes in that branch
[ C+F (C+F): Found 1087 of 10322 haplotypes in that branch
“[#F (F): Found 1087 of 9810 haplotypes in that branch
“F K (K): Found 1087 of 7527 haplotypes in that branch
“[#'P {P): Found 1087 of 4750 haplotypes in that branch
“[#'Q (Q): Found 1087 of 1227 haplotypes in that branch
“# Q-P36.2 (Q1): Found 1087 of 1158 haplotypes in that branch
“ ' Q-MEH2 (Q1a): Found 1087 of 1150 haplotypes in that branch
[ 0-M346 (Q1a3): Found 1087 of 1150 haplotypes in that branch
“'Q-M3 (Q1a3a): Found 1087 of 1087 haplotypes in that branch
“F Q-M19 (Q1a3a1): Found 6 of 6 haplotypes in that branch
“# Q-M199 [Q-M320, Q-P106, Q-P292] (Q1a3a3): Found 1 of 1 haplotypes in that branch

www.yhrd.org /Search/SNPs; snp#snps

| Geographical projection

Figure 32: Search SNPs: Results by Haplogroup
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Profiles summary
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20 11 44 A

[570 | o4 | Markar | v-oMP Bcanch_|
-1 M3

112 15 18 Q-M3 (YCC:
Q1a3a)
11 11 14 19 15 17 22 13 A [ [ 1 [ (MB Q-M3 (YCG:
Q1a3a)
1 (10 (14 |20 15 |16 24 12 A a1 M3 Q-M3 (YCC:
Q1ala)
1 12 14 20 16 17 23 1 T I T I T T O B P 1 Q-M3 (YCC:
Q1ada)
I T 1 T T 1 O I T T I T T T I T T Q-M3(YCC:
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1M1 11 14 20 16 17 2 1 R N N N T Q-M3 (YCC:
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1M (13 (14 |20 15 (17 |22 |12 A a1 M3 Q-M3 (YCC:
Q1ala)
12 12 14 19 17 15 22 12 T I T I T T O B P 1 Q-M3 (YCC:
Q1ada)
1M 12 14 20 15 |18 1 T T T I T T Q-M3(YCC:
Q1ada)
12 12 14 19 17 17 12 R N N N T Q-M3 (YCC:
Q1ada)
11 12 14 20 15 18 22 11 A4 4 4 1 M3 Q-M3 (Yce:
Q1ada)
11 11 14 19 15 17 22 13 R R e N E R T Q-M3 (YcC:
Q1a3a)
11 12 15 20 18 17 23 12 A4 4 1 M3 Q-M3 (YCC:
Q1a3a)
R E T T R A [ [ 1 [ (MB Q-M3 (YCC:
Q1a3a)

Figure 33: Search SNPs:
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Search Y-SNP marker or branch (M3

SEARCH YHRD
=

LATEST NEWS

Release 44
On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 populations. A

M3

Branch
5]0-M3 (YCC: Q1ala)

Mutation
C-=T

Sequence
TAATCAGTCTCCTCCCACCARGTCATATGCAACTGAGATT
CCTTATGACACATCTGAACACTAGTGGATTTGCTTTGTAG
TAGGAACAACCTACATTCGCGGCGATAAATGTCCCCAAGTT
TTATCTGCTGCCAGGGCTTTCARATAGGTTGACCTGACAR
TEGGTCACCTCTGGGACTGA[ C->T JAATTAGGAAGAGCT
GETACCTAAAATGAAAGATGCCCTTARATTTCACATTCAC

large sample from France (Lile, Paris, [...]
Posted 1 month ago by Lutz Roewer

Mutation rates updated
The mutation rates for all STR lociwere updated,
including fresh values for DYS576, DYS481,
D¥S545, DYS533, DYS570[ ]
Posted 3 months ago by Lutz Roewer

Release 43
We have updated the YHRD with 3.055 new
haplotypes from 40 populations. The YHRD has
now 112,005 haploty pes typed in 834 different
L

o
Posted 5months ago by Lutz Roewer

Release 42
We have u.p\ialethﬂYHRD with 3.452 new
ploty pes from 14 by 18

research groups. The YHRD has now 108,848
L]

ARTTTT

BLAST [ full ='s or (3 at NCBI R:isbd’ 7 months ago by Lutz Roewer
NCBI dbSNP ID Release 41

ARG4 ‘We have updated the YHRD with 1,324 new

s raplotypes from 13 i bmitted by 7

Publications research groups. The YHRD has now 105458
. haplotypes [..]

-ErEr] Underhill et al. 2001, Frer] Vallone & Butler 2004 Posied 10 monihs ago by Lutz Roswsr

Commercial Services Release 40 with new featuros

Figure 34: Search SNPs: Linked Y-SNP fact sheet (branch)
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PCR Size
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publication
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Currator
Sascha Wilkwweit

Created / Last Modified
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Geppert2009-M3

In Multiplexes
Bepper 2009

Analysis Method
ShaPshot

Sequencing Primer
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[#7 BLAST this sequence 2t NCBI
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[# BLAST this sequence at NCBI
Reverse Primer

AGTAG
°
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PCR Size
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Currator
Maria Geppent
Created / Last Modified
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100,000 haplotypes
Elgven years ago we have launched the onling
version of the YHRD database. Since then, the
number of submissions has increased [...]
Posted 1 year ago by Lutz Roewer

Happy New Year 2012 with Release 381
At December 30th we have updated the YHRD
with 2306 new haploty pes from 18 populations
submitted by 12 [..]
Posted 1 year ago by Lutz Roswer

Bth Workshop in Innsbruck, Austria
Please note, that the venue of our next workshop
2012 changed from Porto to Innsbruck in Austrial
Here [...]
Posted 1 year ago by Lutz Roewer

Looking for old news ? Aead more.

Figure 35: Search SNPs: Linked Y-SNP fact sheet (marker)
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Y-SNP Class Reason Actlons taken
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P25 Invalid Recurment within R1b Samples wih P25 as the final marker wil be dropped. Downstream (e.9. M269 or M167) andior the
upstream marker (M343) need to be typed

Mi16 Vald Recurent with three Assigned eitherto Mi16.1, M116.2, next upstream marker or dropped.

vald stales

Last modified 10 months and 11 days ago by Sascha Wiluwedt
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LATEST NEWS

Release 44
On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 populations. A
large sample from France (Lile, Paris, [...]
Posted 1 month ago by Lutz Roewer
Mutation rates updated
The mutation rates for all STR lociwere updated,
including fresh values for DYS576, DYS481,
D¥S545, DYS533, DYS570[ ]
Posted 3 months ago by Lutz Roewer
Release 43
We have updated the YHRD with 3.055 new

haplotypes from 40 populations. The YHRD has
now 112,005 haploty pes typed in 834 different

L]
Posted 5months ago by Lutz Roewer

Release 42

‘We have updated the YHRD with 3.452 new

ploty pes from 14 i by 18
research groups. The YHRD has now 108,848
L]

R.asbd’ 7 months ago by Lutz Roswer.

Release 41

‘We have updated the YHRD with 1,324
aploty pes from 13 i bmitted by 7
research groups. The YHRD has now 105488
haplotypes [...]

Posied il monihs ago by Lutz Roewer

Release 40 with new features

Figure 36: BYSNP: A list of invalid Y-SNP markers
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LATEST NEWS

Search Population |Australia v
i Release 44
Australia [Aboriginal] © On July 12th, 2013 the YHRD was updated with
Australia [European] i 2251 new haplotypes from 17 populations. A

large sample from France (Lille, Paris, [...]
Posted 1 month ago by Lutz Roewer.

I Mutation rates updated
The mutation rates for all STR lociwere updated,
including fresh values for DYS576, DY5481,
DYE549, DYS533, DYS570[...]

v Posted 3 months ago by Lutz Roswer

. Release 43
We have updated the YHRD with 3.055 new
haploty pes from 40 populations. The YHRD has
now 112,005 haplotypes typed in B34 different

L]
[ Posted 5 months ago by Lutz Roewer
i Release 42
We have updated the YHRD with 3.452 new

haploty pes from 14 populations submitted by 16
research groups. The YHRD has now 108,249

L]
Posted 7 months ago by Lutz Roewer
| Release 41
| We have updated the YHRD with 1,324 new

aploty pes from 13 7
research groups: The YHRD has now 105 488

haplotypes [...]
v Posted 10 months ago by Lutz Roswer
E Release 40 with new features

Figure 37: Search Populations: Autocomplete feature

3.1.3 By Population - http://www.yhrd.org/Search/Population

Search for a population study by its name or by a part of its name. As a result a document with essential infor-
mation on the sampling project is given, including name, coordinates, Geoposition (movable and scalable Google
maps functionality), assigned Metapopulation, sample size, contributor information, most frequent Haplotypes and
Haplotypes with irregular alleles ("Mutations"). Headers can be clicked to change the sorting order and all entries
in blue are linked to the respective pages (see Figures 37, 38, 39 and 40).
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LATEST NEWS

Search Population [
! Release 44
On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 populations. A
large sample from France (Lile, Paris, [...]
Posted 1 month ago by Lutz Roewer
Mutation rates updated
The mutation rates for all STR lociwere updated,
including fresh values for DYS576, DY5481,

Australia [Aboriginal]

Metapopulation Australian Aboriginal ;
Haplotypes 7 loci haplotype (DYS18, DYS383I, DYS3891l, DYS330, DYS331, DYS392, DYS333): 766 haplotypes ;

Minimal Haplotype (+ DY5385a/b): 766 haplotypes 1 DYS548, DYS533, DYS570[..]

SWGDAM haplotype (+ DYS438, DYS439): 766 haplotypes ! Postsd 3 months ago by Lutz Roswer
Promega PowerPlex Y (+ DYS437): 766 haplotypes ! Release 43

Applied Biosystems AmpFISTR Yfiler (+ DYS448, DYS456, DYS458, DYSE35, YGATAH4): 766 haplotypes Y e b i the YHRD with 3.055
Promega PowerPlex Y23 (+ DYS576, DYS481, DYS548, DYS533, DYS570, DYS643): 0 haplotypes : W,fm ‘from 40 populations, The VHRD has
Haplotypes with YSNP info tion: @ 1 now 112,005 haplotypes typed in 834 different

L
Population D ]YP000743 Posted 5 manths ago by Lutz Roewer

| Rolease 42
Geoposition We have updated the YHRD with 3.452 new
plotypes from 14 i by 18
Name Australia {ealearch groups. The YHRD has now 108,848
Continent Oceania / Australia Posted 7 months ago by Lutz Roswer
Latitude -25.274398 ' Release 41
133.775136 We have updated the YHRD with 1,324 new
aplotypes from 13 ions submitied by 7

research groups. The YHRD has now 105488
haplotypes

Pasted 10 monihs ago by Lutz Roswer

Figure 38: Search Populations: Result: General information

| ® O O /[ vHRD - Search/Populatior x \__\ —— —— —— —— —— i
«->C |D www.yhrd.org/Search/Populations O O = & "'t':l 8 =

| rescarch groups. The YHRD has now 105,488

haplotypes [...]
v Posted 10 months ago by Luiz Roswer
| Release 40 with new features

We have reorganized the YHRD to
\accommodate the & new Y-STR lociincluded in
I the Powerplex Y 23 kit. Furthermore, [...]

V- Posted 12 months ago by Lutz Roewer

 Northern' ; ‘ ; ! DNA In Forensics 2012

Territary Sl i Please visit the congrass website
v dna2012 gerichts medizin.at and register for the:
! ing Bth Y Cl User W

i o

Posted 1 year ago by Lutz Roswer:

Western -2 ; b e 100,000 haplotypes

Australia . : (e A L B Eleven years ago we have launched the online

2 B [ version of the YHRD database. Since then, the

B number of submissions has increased [...]
Posted 1 year ago by Lutz Roswsr

! Happy New Year 2012 with Release 38!

At December 30th we have updated the YHRD

v with 2306 new haploty pes from 18 populations

- submitted by 12 ...

" Posted 1 year ago by Lutz Roewer

| Bth Workshop in Innsbruck, Austria

Please note, that the venue of our next workshop
v 2012 changed from Porto to Innsbruck in Austrial
v Here [...]

v Posted 1 year ago by Lufz Roswer.

Looking for old news ? Read more.

Contributions :
Name & Duncan Taylor (YCO00223)
Address Forensic Science South Australia
21 Divett Place, Adelaide SA 5000
Australia
Email = duncan taylor @sa.gov.au
Phone (08) 82267700
Fax (08) 82267777
QC since 2010-10-20 (CTS Proficiency tests by ANZPAA and CAF)
Accession Number &) YADODEST
Caontribution 766 haplotypes
Reference rer] Taylor & Henry 2012

Figure 39: Search Populations: Result: Map and contributor
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Most common haplotypes

[ N | 19 ] 3601 | s00u | 300 | 301 | 302 | 303 | 335 ] 430|430 ] 457 [ asa | 456 | 468 | ea5 | voaTana | 576 | ae1 [ 540 | 623 | 670 | eas |

10 14 13 28 25 11 13 12 1144 12 13 15 19 16 16 23 12 A=A ETETE

8 16 13 20 24 10 14 13 1214 8 12 15 20 14 18 21 12 SR E EEER E

7 15 12 27 23 B 12 13 818 11 12 14 20 15 17 23 10 SENEN SN ERE

7 16 13 3 21 10 11 13 1617 11 11 14 20 15 17 21 12 S E R E E

7 17 12 28 24 10 11 13 1212 12 11 15 22 16 16 22 13 SR EN SR EERE

6 14 12 28 22 10 11 13 1315 10 11 16 20 14 15 24 11 o T e T P

6 14 13 30 24 11 13 13 11,14 12 12 15 18 16 18 23 12 SRE EEER E

6 14 13 30 24 11 13 13 11,14 12 13 15 18 16 17 23 12 S EN SN ENENE

6 15 13 29 24 10 14 13 11,14 8 11 15 20 14 18 21 12 T T P

6 15 13 20 25 11 14 13 11,13 12 13 15 18 17 16 23 12 SR E EEER E
Mutations

[n]19 ]asoi]sson]aw0 01202 [s0a]ass  Jass|eaw]aor|asa |ase]ase |ess| veatana|sre]as1|se]sas]sm]eas]
114 13 28 24 11 13 13 11432 12 15 15 18 15 17 23 12 SHEEBEERE
1 14 13 23 24 11 131 13 1115 12 13 14 18 14 17 23 11 D I I T
114 13 31 23 10 11 12 1318 10 11 14 20 15 172 20 11 SR E R EEE
114 13 31 24 11 11 12 1218 10 11 14 20 15 172 21 12 SEEE E
114 14 a0 23 11 11 12 1218 10 11 14 21 15 182 23 13 a [ [a =A==
1 14 14 30 10 13 12 16,16 i1 10 14 20 17 162 21 10 S E E EE E
1 1516 18 a1 26 11 11 13 11,15 g 10 15 20 15 15 23 13 SE R ENENE
115 12 28 1211 13 14,14 10 12 17 1320 15 15 21 12 B T T I T
114 13 28 23 10 11 12 1317 10 11 14 20 15 172 20 11 SR ED D EEE
1 14 13 28 10 11 18 1212 10 11 14 20 15 172 22 12 D I I T
1 1415 14 30 24 11 13 13 11,14 12 12 15 18 16 16 23 12 SR E R EEE
1 15 14 30 24 10 13 13 11,12 10 11 17 19 17 161 21 11 SEEE E
115 14 3 19 10 11 13 121315 12 11 14 23 12 17 24 12 a [ [a =A==
1 16 13 30 25 11 13 13 12131516 11 12 16 18 15 16 22 11 S E E EE E
1 16 14 a0 24 10 13 13 11,12 10 13 16 18 15 184 21 12 SE R ENENE
117 13 32 24 10 13 13 1213 0 12 16 138 15 161 21 12 B T T I T
117 14 30 23 10 13 13 11,12 10 11 16 20 15 164 22 12 SRS ENENE

Figure 40: Search Populations: Result: Most common Haplotypes and Mutations

3.1.4 By Contributor - http://www.yhrd.org/Search/Contributor

Search for a colleague and database contributor or for one of his group by name or part of the name (see
Figure 41). You'll receive information in form of a "Business Card" including address, email contact and telephone
number (if submitted) as well as the date of the certificate on the participation in the Quality Control test (see
Section 3.4).
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= Sascha Willuweit = Sign off =Home

Haplotypes

SNPs
Populations
Contributors
Contributions

SEARCH YHRD
[soarh |

CONTRIBUTORS

Search by contributor's names (e.g. Roewer or Lutz Roewer) or contributor's number e.g. YC000011

LATEST NEWS

[Taylor = Search :
i Release 44
On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 populations. A
' large sample from France (Lile, Paris [...]
Name | Duncan Taylor (YORDO22S) B Posted 1 month ago by Lutz Roewer.
Address Forensic Science South Australia ’
21 Divett Place, Adelaide BA 5000 : Mutaﬁonm?uupdahd i
Ausirala v The mutation rates for all STR lociwere updated,
Email [E durcan teylon@sa.gav.au ! including fresh values for DYS576, DYS4B1,
= (08) 82267700 ! DYS549, DYS533, DYSS70 .. ]
Fax (08) 82267777 : Posted 3 months ago by Lutz Roswer
Qe since 2010-10-20 (CTS Proficiency tests by ANZPAA and CAP) i Release 43

We have updated the YHRD with 3.055 new
B haploty pes from 40 populations. The YHRD has
Contributions i now 112,005 haplotypes typed in B34 different
VoL
Posted 5 months ago by Lutz Roewer

I - - G, .-
B We have updated the YHRD with 3.452 new

-l Australia [Aboriginal] FYAD03697 -FEEd Taylor & Henry 2012 " haplotypes from 14 populations submitted by 16
5 Australia [European] 5 YAOD3698 1079 55EE| Taylor & Henry 2012 Ve e e e

o

Posted 7 months ago by Lutz Roewer

| Release 41

H ‘We have updated the YHRD with 1 324 new

plotypes from 12 d by T
research groups. The YHRD has now 105498
haplotypes [...]

Posted 10 months ago by Lutz Roswer

E Release 40 with new features

Figure 41: Search Contributor

3.1.5 By Contribution (Accession Number) - http://www.yhrd.org/Search/Contribution

It is mandatory for any new contributor to pass a "Quality test", which means a correct typing of 5 blind DNA
samples for the Y-STR markers which he is going to submit; the results will be evaluated and certified by the curators.
This test is required only once, future contributions or updates of your samples will not require a new QC.

After passing the QC and issuing of a certificate population data can be submitted anytime. We, as the curatorial
board perform a quality check of these data which includes (a) a plausibility check to find obvious typos and (b) a
similarity / genetic distance check, which includes a comparison of your data with other closely related population
samples from YHRD to find out whether your data deviate from the typical core Haplotypes of the region. Among
other measures we use the AMOVA (Analysis of Molecular Variance) to test for genetic distances between your
sample and reference samples (see Section 3.2.1). After this external quality and plausibility check we issue an
YHRD accession number for each submitted population study of the contributing lab. It is also mandatory to include
this number in articles submitted to journals (e.g. FSI:Genetics®) as a proof of external validation of the Haplotype
data. The search for the Accession Number returns information on the respected population study and on the
responsible author behind (see Figure 42).

8See http://wuw.fsigenetics.com
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O OO " yHRD - Search/Contributi x \\\_j [
& - C [ www.yhrd.org/YA003697 O d& &% 08 =

= Sascha Willuweit = Sign off =Home

Haplotypes

SNPs
Populations
Contributors

Contributions

SEARCH YHRD
[soarh |

CONTRIBUTIONS

Search by YHRD accession numbers (e.g. YA002904 for "Berlin, Germany")

LATEST NEWS

[YAo03697 = Search :
| Release 44
On July 12th, 2013 the YHRD was updated with
v 2251 new haplotypes from 17 populations. A
. ' large sample from France (Lile, Paris [...]
Contributor V- Posted 1 month ago by Lutz Roswer:
— | Mutation rates updated
ol r.“n. =y ) The mutation rates for all STR lociwere updated,
Sddees Forersioilolence Soteh s rlle i including fresh values for DYS576, DYS481
21 Divett Place, Adelaide A 5000 ! ng / :
i ! DYS549, DYS533, DYSS70 .. ]
Email = duncen.taylor@sa.gov.au v Posted 3 months ago by Lutz Roswer
Phone (08) 82267700 Release 43
Fax [08) B226TTTT [ We have updated the YHRD with 3.055 new
Qc since 2010-10-20 (CTS Proficiency teats by ANZPAA and GAP) i haplotypes from 40 populations. The YHRD has
now 112,005 haplotypes typed in B34 different
Vool
Contribution [ Posted 5 months ago by Lutz Roewer
| Release 42
B We have updated the YHRD with 3.452 new
v haploty pes from 14 populations submitted by 16
B regearch groups. The YHRD has now 108,249
FAustralia [Aboriginal] 4] YAQ03697 ¥eer] Taylor & Henry 2012 i e |
B Postad 7 months ago by Lutz Roswer

| Release 41
‘We have updated the YHRD with 1 324 new
plotypes from 12 d by T
research groups. The YHRD has now 105498
haplotypes [..]
Posted 10 months ago by Lutz Roswer

E Release 40 with new features

Figure 42: Search Contribution (Accession Number)

3.2 Analyse - http://www.yhrd.org/Analyse
3.2.1 AMOVA - http://wuw.yhrd.org/Analyse/Online+AMOVA

Analysis of Molecular Variance (AMOVA) is a method for analyzing population variation using molecular dataq,
e.g. Y-STR Haplotypes (Roewer et al. (1996)). With AMOVA it is possible to evaluate and quantify the extent of
differentiation between two or more population samples. AMOVA is implemented as an online tool in the YHRD and
provides a way of estimating ®57(Rs7) and Fsr values. The online tool included in http://www.yhrd.org/Analyse
accepts your Excel files and creates entry files from it. Attention: All entries highlighted in red will be ignored (e.g. a
column ID or population name). So make clear that if you want to compare YFiler Haplotypes with reference studies
including only minimal Haplotypes all additional loci are ignored. After you have submitted your entry file the
program asks to confirm it and you can still do changes if necessary. As much as 9 reference populations selected
from the YHRD as well as population sets can be added to the AMOVA analysis. The online calculation returns
as a result a *.csv table with pairwise Fsr or ®57(Rs7) values plus 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. The program shows the references for the selected population studies which facilitates the
correct citation. The procedure step-by-step is explained at the first page (see Figure 43) and illustrated by Figures
44, A5, 46, 47, 48, 49, 50, 51, 52 and 53.
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800 /DYHRD-AnaJyszfAMDVA * Y

¢« =>C |D www.yhrd.org/Analyse/ AMOVA

YHRD.ORG
ST

= Sascha Willuweit = Sign off -+Homs

Download Manual

SEARCH YHRD
=

AMOVA

To measure the apportionment of variance between pairs of populations, a method called AMOVA (Analysis of
Molecular Vanance) can be used (reF] Roewer et al. 1998). In case of Y-chromosome profiles it considers the variance

in the number of STR repeat units at DYS loci within and between populations. This method takes into account the
molecular relationship of alleles, ralher than just their frequency. The AMOVA method can be applied to measure the
genetic distance between your population sample and reference samples from the YHRD.

By using the online AMOVA program it is possible to calculate @5 (apportionment of within/among population variance)
between pairs of populations. To test for significance p-values will be calculated as well (10,000 permutations).

LATEST NEWS

! Release 44

On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 i A
large sample from France (Lile, Paris, [...]
Posted 1 month ago by Lutz Roewer

Mutation rates updated
The mutation rates for all STR lociwere updated,
including fresh values for DYS576, DY5481,
D¥S545, DYS533, DYS570[ ]
Posted 3 months ago by Lutz Roewer

Please perform enline AMOVA as follows: :
i Release 43

I. Uplead a population sample from your files. This file should contain one haplotype per row and a header naming the
columns. Only Microsoft Excel file will be accepted (= example XLS sheet).

Il. check the file for correctness of locus names and alleles (please note that duplicated and intermediate alleles well
be omitted from the calculation)

. check the mapping of columns from your file to database columns

We have updated the YHRD with 3.055 new
haplotypes from 40 populations. The YHRD has
now 112,005 haploty pes typed in 834 different

L]
Posted 5months ago by Lutz Roewer

IV. select from YHRD up to 9 population samples for AMOVA comparison
| Release 42
L s . ‘We have updated the YHRD with 3.452 new
The result will include: ploty pes from 12 ; by 18

I. Calculated pairwise ®srand pvalues as CSV file

- file. The MDS calculation is based on Sammon mapping (¥eE]Sammon 1989 and F&er Venables &
a non-metric MDS algorithm.

research groups. The YHRD has now 108,848
L]

Rasbd’ 7 months ago by Lutz Roswer.

| Release 41
‘We have updated the YHRD with 1,324
] Calculate your AMOVA now apl :__ 13 ; b unfgy-r

research groups. The YHRD has now 105488
Please note: the larger the sample sizes, the longer it needs to complete the calculation. haplotypes [...
Posied il monihs ago by Lutz Roewer

Release 40 with new features

Figure 43: AMOVA: Guide and list of requirements

BN s /DYHRD-AnaJyszfAMDVA.H X
¢« =>C |D www.yhrd.org/Calculate+ AMOVA;;a

YHRD.ORG
LT - .

= Sascha Willuweit = Sign off -+Homs

Download Manual

STEP 1: YOUR DATA

File [C\iakepath\d0eda05806dd4a710d14a56e S2E¢T O

Popuiation name | Test Population

Figure 44: AMOVA: Step 1: Enter your data
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Ignore ownload Manua
dys1s -

dys3891

dys3890
dys390
STEP 2: CHECK YOUR DATA oo
dys392
Column Assignment: File ~ Database | dys393 |
dys385
10| lgnore _¢ Popuiaton -+ ignore _+ | ovsi9 [ gyeass |
ovsame -+ oysas9 ] ovsani -+ aysas91 ] ovsso s owess
dys437
oveass + (aveson ] oveas + a9z ] v e
ovsans + (aveass ] ovesse + apsars ] ovea s iz
dys458
oveurr + (avsarr ] ovsuss + aysess ] 054554 aveess |
oveuse + (avsass ] ovsoss + apse3s ] voarana
dys576
dys481
Haplotype check dys549
dys533
1 eity/state/region,country[ethnieity] 15 13 30 21 dys570 14 15,15 1
2 city/state/region,country[ethnicity] 15 13 30 21 dys643 13 16,17 1
3 ecity/state/region,country[ethnicity] 17 13 30 21 T Il 14 16,16 1
4 city/state/region,country[ethnicity] 17 13 30 22 10 11 13 16,17 1
5 city/state/region,country[ethnicity] 17 14 iz 21 10 11 13 17,19 1

Figure 45: AMOVA: Step 2: Check your data: Validate locus assignment

By Tt araserevov e e
e o e e e
STEP 2: CHECK YOUR DATA

Column Assignment: File ~+ Database

poputton + gnore < ovsia+ (a1 s

DY53831 —+ | dys389i + D¥S38all — | dys3B89ii DYS330 —+ | dys390 +

DY5331 = | dys391  + DY5352 = | dys392  + DY5393 — | dys393 &

DY5385 < | dys385  + DY5438 « | dys438 =+ DY5439 — | dys439  +

DY5437 = | dys437  + DY5448 | dys448 + DY5456 — | dys456 +

DYS458 | dys458 ¢ DYS635 —+ | dys635  + YGATAHS —+

Haplotype check

1 city/state/region,country[ethnicity] 15 13 30 21 10 11 14 15,15 1
2 city/state/region,country[ethnicity] 15 13 30 21 10 11 13 16,17 1
3 city/state/region,country[ethnicity] 17 13 30 21 10 11 14 16,16 1
4 city/state/region,country[ethnicity] 17 13 30 22 10 11 13 16,17 1
5 city/state/region,country[ethnicity] 17 14 32 21 10 11 13 17,19 1

Figure 46: AMOVA: Step 2: Check your data
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Population name Test Population
Haplotype count 5

Figure 47: AMOVA: Step 3: Confirm your data
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STEP 4: CHOOSE POPULATIONS

South Afghanistan [Pathan]

South Croatia, Croatia [Croatian]

South Kazakhstan [Kazakh]

South Korea [Korean]

Southeastern Anatolia, Turkey [Turkish]
Southern India, India [Tamil]

Southern Poland, Poland [Polish]
Southern Portugal, Portugal [Portuguese]
Strasbourg, France [French]

Stuttgart, Germany [German]

Afghanistan
Albania
Algeria
Argentina
Austria
Azerbaijan
Bahamas
Bangladesh
Belgium
Benin

= Add

= Sascha Willuweit = Sign off -+Homs

v

Gangwon, South Korea [Korean]
Hanoi, Vietnam [Vietnamese]
Hokkaido, Japan [Japanese]
Indonesia [Batak]
Java, Indonesia [Indonesian]
Malaysia [Indian]
Manila, Philippines [Tagaleg, Cebuano]
Sarawak, Malaysia [Bidayuh]
Sarawak, Malaysia [Iban]

k, Malaysia [Melanau]

Australia

Figure 48: AMOVA: Step 4: Choose population and population sets
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STEP 5: SUMMARY

= Sascha Willuweit = Sign off -+Homs

Download Manual '

Going to analyse 11 populations and 1 population sets. Which is a total of 2328 haplotypes.
w Test Population, uploaded sample with O haplotypes

u Gangwaon, South Korea [Korean], population sample with 63 haplotypes

u Hanoi, Vietnam [Vietnamese], population sample with 48 haplotypes
 Hokkaido, Japan [Japanese], population sample with 50 haplotypes

u Indonesia [Batak], population sample with 100 haplotypes

»Java, Indonesia [Indonesian], population sample with 137 haplotypes

u Malaysia (Indian], population sample with 301 haplotypes

 Manila, Philippines [Tagalog, Cebuana), population sample with 64 haplotypes
 Sarawak, Malaysia [Bidayuh], population sample with 113 haplotypes
 Sarawak, Malaysia [Iban], population sample with 103 haplotypes

 Sarawak, Malaysia [Melanau], population sample with 104 haplotypes

u Australia, population set of 2 population samples with 1845 haplotypes

Calkculate distances uslngOFs'r ore AsT
Calulate p-values
g‘Gtamar.‘n:a MDS plotis)
Generate GSV file(s)
U petax mps plot by clustering populations using the fallowing critera:
Threshold FsT for clusuanngOU.Ul . OU.UE orecl.l
Minimal size of a cluera,Oa ore 10

Figure 49: AMOVA: Step 5: Calculation summary
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Calculating p-values with 10000 permutations using AsT...

Figure 50: AMOVA: Result: Waiting...
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RESULT

w 7= Pairwise @sTcombined as CSV file

¥ [FIF4 MDS based on pairwise ®stvalues using Sammon mapping (Sammaon JW (1969) 'A non-linear mapping for data structure analysis' IEEE Trans. Comput, C-18 401-9
and Venables WN and Ripley BD (2002), 'Modern Applied Statistics with S' Fourth edition. Springer.)

Citations

M Malaysia [Indian]
s Chang YM,, Perumal R., Keat PY., Kuehn DLC. {2007), 'Haplotype diversity of 16 Y-chromosomal STRs in three main ethnic populations (Malays, Chinese and Indians) in

Malaysia., Farensic Sci Int167(1), 70-6 (8] Chang et al. 2007)
¥ Java, Indonesia [Indonesian]

s Kim Y., Shin DJ,, Kim JM,, Jin HJ., Kwak KD., Han M5., Choi SK., Kim W. (2001}, 'Y-chromosome STR haplotype profiling in the Korean population.', Farensic Sei lnt 115(3),
231-7 (SEER Kim etal. 2001)

s Hokkaido, Japan [Ja 1
« Mizuna M., Nakahara H., Sekiguchi K., Yoshida K., Nakano M., Kasai K. {2008}, 16 Y chromosomal STR haplotypes in Japanese.', Forensic Sci int174(1), 71-6 (#Eeg Mizuno
etal. 2008)

‘w Hanol, Vietnam [Vietnamese]
¥ Kwak KD., Jin HJ,, Shin DJ., Kim JM., Roewer L., Krawczak M., Tyler Smith C., Kim W. (2005}, "Y-chromosomal STR haplotypes and their applications 1o forensic and
population studies in east Asia.', IntJ Legal Med 119(4), 195-201 (R Kwak et al. 2005)
w Sarawak, Malaysia [Iban]

s Chang YM., Swaran Y., Phoon YK, Sothirasan K., Sim HT,, le KB., Kuehn D. (2008}, Haplotype diversity of 17 Y-chromosomal STRs in three native Sarawak populations
(Iban, Bldayun and Melanau] in Ea.ST ia', For Sel : ics 3(3), e77-e80 (FEEF Chang et al. 2009)

 Gangwon, South Korea [Korean]

s Kim SH., Han MS., Kim W., Kim W. (2010), 'Y chromosome homogeneity in the Korean population', intermational Journal of Legal Medicine Epub ahead of print, in press
(SEEE]Kim et al. 2010)

 Manila, Philippines [Tagalog, Ceb ]

Figure 51: AMOVA: Result: Overview

[ YHRD - Analyse /AMOVA /1 x i

e C' [ www.yhrd.org/Calculate%20AMOVA;;a O O = & :ﬂl B =
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RESULT

W= Pairwise ®srcombined as CSV file

wFoFA MDS based on pairwise ®g7values using Sammon mapplng (Samman JW (1969) ‘A non-| Ilnear mapping for data structure analysis' I[EEE Trans. Comput., C-18 401-9
and Venables WN and Rinlav RDL(20021 RMad with 8! Fauurth adifinn

Citations

W Malaysia [Indian]

G | H | 1
S¢ Hanoi, Vietn: Hokkaido, Ja Indonesia [B: Java, Indone: Malaysia [Inc Manila, Phili] Sarawak, Ma Sar;

ation
% Chang YM,, Peru Gangwen, South Korea (Korean] - 0.0000 0.2604 0.0000 0.0000 0.0000 0.0000 0.0000 0. s} in
Malaysia., Forens Hanoi, Vietnam [Vietnamese] 00890 - 00014  0.0000 00002  0.0000 00000 00013 0.00
wJava, Indonesi Hokkaido, Japan [J ] 0.0040 00587 - 0.0000 0.0000 0.0000 0.0000 0.0000
Indonesia [Batak] 0.1754 0.2011 01303 - 0.0000 0.0000 0.0000 0.0000 o 50)
231-7 (FEEKim & Java, Indonesia [Indonesian] 0.1770 0.0467 0.1180 0.1864 - 0.0000 0.0000 0.0000 0.00: i
Malaysia [Indian] 0.2170 0.1485 0.1753 0.1517 01255 - 0.0000 0.0000 [
w Hokkaido, Japan [; Manila, Philippines [Tagalog, Cebuano] | 0.1946 0.1845 0.1461 0.0731 0.1437 0.1252 - 0.0000 0.
uMizuno N, Naka sarawak, Malaysia [Bidayuh] 0.2084 0.0404 0.1866 03237 0.1076 0.2281 02930 - 0. Binc
stal. 2008) Sarawak, Malaysia [Iban] 0.1266 0.0568 0.0768 0.0866 0.0267 0.0980 0.0504 0.1440 -
Sarawak, Malaysia [Melanau] 0.1074 0.0715 0.0786 0.0903 0.0601 0.0886 0.0543 0.1792 0.
w Hanol, Vietnam Australia 0.3560 0.2037 0.1657
u Kwak KD, Jin H and

population studie

¥ Sarawak, Malaysia
 Chang YM., Swaral y y
(Iban, Bidayuh and Melanau) in East \ For Sei Genetics 3(3), e77-e80 (#2e£] Chang et al. 2009)

opulations

 Gangwon, South Korea [Korean]

u Kim 8H., Han MS., Kim W., Kim W. (2010), 'Y chromosome homogeneity in the Korean population', lnternational Journal of Legal Medicine Epub ahead of print, in press
(SEEE]Kim et al. 2010)

 Manila, Philippines [Tagalog, Cebuano]

Figure 52: AMOVA: Result: Open @7 table
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Figure 53: AMOVA: Result: Open MDS plot

3.2.2 Tool for mixture Interpretation - http://www.yhrd.org/Analyse/Mixture

This tool can be applied when a mixed trace (> 2 male contributors) and one person (suspect) which is included
in the mixed profile should be analyzed.

We compare the trace (Y-STR data with alleles separated by semicolons) to the known putative contributor as well
as to a number of unknown contributors.

There are the following limitations (also see Figure 54): All unknown persons should belong to the same ethnic
group (Metapopulation) and they should be unrelated.

The result will be a likelihood of donor-ship vs. non-donor-ship of the suspect to the trace (Wolf et al. (2005), see
Figures 55, 56 and 57).
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MIXTURE

This tool can be applied when a mixed trace (= 2 male contributors) should be analysed.
Instructions

I. Please enter all alleles detected in the trace mixture separated by semicolons in the appropriate boxes {leave missing loci blank). Please note, that all alleles at

DYS385 have to be separated by semicolons as well. For the donor haplotype all duplicated alleles, namely at DYS385ab, should of course be separated by a
commal

Il. Please enter the profile of the putative donor (e.g. suspect or victim).
I1l. Choose the appropriate Metapopulation to which all centributors belong.

IV. Please enter the number of additional contributors. This is the number of all hypothetical contributors to the trace minus one (the putative donor).
V. Press calculate.

The result will be a likelihood of donorship vs. non-denorship of the putative denor to the trace.

Note, there are the following limitations: All unknown persons do belong to the same ethnic group (Metapopulation) and they are unrelated. The haplotype of the
suspect occurs in the selected Metapopulation. (Otherwise the calculation is not possible.)

Reference: Wolf A., Caliebe A., Junge O., Krawczak M. (2005), Forensic interpretation of Y-chromosomal DNA mixtures.', Forensic Sci Int 152(2-3), 209-13 (-Fmer Wolf
et al. 2005)

Trace DYS19 DYS3891 DYS389II DYS3%0 DYS391 DYS392 DYS393 DYS385

(Aleles | [ [ [ [ [ [ [ |
fgmmﬂﬂ DYS438 DYS430 DYS437 DYS448 DYS456 DYS458 DYS635 YGATAH4
1 | | | | | | | et population Additional contributor(s) . il
P - Calcula
Putative Dys19 Dys3sl DYs3gI Dysi%0 Dys39l DYS2 Dysi3 Dyssss | Whole database 4| |

Figure 54: Mixture: Guide and list of requirements

By T s - araiserinore S

€ - C | [1 www.yhrd.org/Analyse/Mixture

MIXTURE

This tool can be applied when a mixed trace (= 2 male contributors) should be analysed.
Instructions
I. Please enter all alleles detected in the trace mixture separated by semicolons in the appropriate boxes (leave missing loci blank). Please note, that all alleles at
2;2;&132 have to be separated by semicolons as well. For the donor haplotype all duplicated alleles, namely at DYS385ab, should of course be separated by a
Il. Please enter the profile of the putative donor (e.g. suspect or victim).
I1l. Choose the appropriate Metapopulation to which all contributors belong.

IV. Please enter the number of additional contributors. This is the number of all hypothetical contributors to the trace minus one (the putative donor).
V. Press calculate.

The result will be a likelihood of donorship vs. non-donorship of the putative donor to the trace.

Note, there are the following limitations: All unknown persons do belong to the same ethnic group (Metapopulation) and they are unrelated. The haplotype of the
suspect occurs in the selected Metapopulation. (Otherwise the calculation is not possible.}

Reference: Wolf A., Caliebe A., Junge O., Krawczak M. (2005), Forensic interpretation of Y-chromosomal DNA mixtures.!, Forensic Sei Int 152(2-3), 209-13 (Frer Wolf
et al. 2005)

Trace DYS19 DYS3891 DYS38911 DYS390 DYS391 DYS392 DYS393 DYS385

(Aleles [ta15 1213 [27.29 [23:25 [a:11 [12:14 13 [3:11:13;18]
ﬁ:mmﬂﬂ DYS438 DYS439 DYS437 DYS448 DYS456 DYS458 DYS635 YGATAH4

icoon) [1L12 12 [1415 1820 1517 |17 [23 [10:12 Metapopulation Additicnal

; T — contributor(s) | calculate |

Putaive Dys® Dyss9 DYS3I Dysio0 Dysil DYS32 Dysios Dyssss | Whole database :J
donor  [1s [12 [27 [23 B [12 [13 [2;18 |
(Single DYS438 DYS430 DYS437 DYS448 DYS456 DYS458 DYS635 YGATAH4
haplotype) [11 [12 [14 [z0 [15 [17 [z3 [10 |

Figure 55: Mixture: Enter your data
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MIXTURE

This tool can be applied when a mixed trace (= 2 male contributors) should be analysed.
Instructions

I. Please enter all alleles detected in the trace mixture separated by semicolons in the appropriate boxes (leave missing loci blank). Please note, that all alleles at
DYS385 have to be separated by semicolons as well. For the donor haplotype all duplicated alleles, namely at DY S385ab, should of course be separated by a
commal

Il. Please enter the profile of the putative donor (e.g. suspect or victim).
Ill. Choose the appropriate Metapopulation to which all contributors belong.

IV. Please enter the number of additional contributors. This is the number of all hypothetical contributors to the trace minus one (the putative donor).
V. Press calculate.

The result will be a likelihood of donorship vs. non-donorship of the putative donor to the trace.

Mote, there are the following limitations: All unknown persons do belong to the same ethnic group (Metapopulation) and they are unrelated. The haplotype of the
suspect occurs in the selected Metapopulation. (Otherwise the calculation is not possible.)

Reference: Wolf A., Caliebe A., Junge O., Krawczak M. (2005), Forensic interpretation of Y-chromosomal DNA mixtures.', Forensic Sci Int 152(2-3), 209-13 (Fzer Wolf
et al. 2005)

Trace DYS19 DYS3891 DYS380I1 DYS390 DYS301 DYS392 DYS393 DYS385

(Aeles 1415 [12;13 [27,29 [23;25 [8:11 [12;14 [13 [3;11:13;18]
E*;Wafed DYS438 DYS439 DYS437 DYS448 DYS456 DYS458  DYS635 YGATAHA
y iz iz a5 [1820 1517 17 [23 [to;12 Ivetapopuiation Additional )
contributor(s) | Calculate |
Putative Dys) Dysa9l DVS3Ol Dvs30 DYS30l DYS32 Dysios Dyssgs | Whole database ¢ ' '
donor 15 [tz [27 [23 8 [12 [13 [a.18 |
(Single DYS438 DYS439 DYS437 DYS448 DYS456 DYS458  DYS635 YGATAHA
haplotype) [11 [12 [14 [20 [15 [17 [23 [10 |

The likelihood of donorship vs. non-donorship based on the whole database (55827 haplotypes) is 1.427 x 108

Figure 56: Mixture: Result |

800 /[ YHRD - Analyse /Mixture % .\'_\'3

€& - C  [J www.yhrd.org/Analyse/Mixture @ 7| o = & :EI [+*]
MIXTURE

This tool can be applied when a mixed trace (= 2 male contributors) should be analysed.
Instructions

I. Please enter all alleles detected in the trace mixture separated by semicolons in the appropriate boxes (leave missing loci blank). Please note, that all alleles at
DYS385 have to be separated by semicolons as well. For the donor haplotype all duplicated alleles, namely at DY S385ab, should of course be separated by a
commal

Il. Please enter the profile of the putative donor (e.g. suspect or victim).
Ill. Choose the appropriate Metapopulation to which all contributors belong.

IV. Please enter the number of additional contributors. This is the number of all hypothetical contributors to the trace minus one (the putative donor).
V. Press calculate.

The result will be a likelihood of donorship vs. non-donorship of the putative donor to the trace.

Mote, there are the following limitations: All unknown persons do belong to the same ethnic group (Metapopulation) and they are unrelated. The haplotype of the
suspect occurs in the selected Metapopulation. (Otherwise the calculation is not possible.)

Reference: Wolf A., Caliebe A., Junge O., Krawczak M. (2005), Forensic interpretation of Y-chromosomal DNA mixtures.', Forensic Sci Int 152(2-3), 209-13 (Fzer Wolf
et al. 2005)

Trace DYS19 DYS3891 DYS380I1 DYS390 DYS301 DYS392 DYS393 DYS385

(Aeles 1415 [12;13 [27,29 [23;25 [8:11 [12;14 [13 [3;11:13;18]
Eﬁf’amﬂd DYS438 DYS439 DYS437 DYS448 DYS456 DYS458  DYS635 YGATAHA
y iz iz a5 [1820 1517 17 [23 [to;12 Ivetapopuiation Additional )
contributor(s) | Calculate |
Putative Dys) Dysa9l DVS3Ol Dvs30 DYS30l DYS32 Dysios Dyssgs | Whole database ¢ ' '
donor 14 [13 [23 [25 [11 [14 [13 [11.13 |
(Single DYS438 DYS439 DYS437 DYS448 DYS456 DYS458  DYS635 YGATAHA
haplotype) [12 [12 [15 [18 [17 [17 [23 [12 |

The likelihood of donorship vs. non-donorship based on the whole database (55827 haplotypes) is 9.925x 102

Figure 57: Mixture: Result Il
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Mutation Rates
e L i CT w2y
-BEEF] Pontes et al. 2007 0 45 0(95%Cl: 0 - 7.871 x 10%) | Release 44
-FFEF] Sanchoz Diz ot al 2008 & 701 2.853 x 109 (95% CI: 3.457 x 10~ 1.027 x 102) ggg';-w 12th, 2013““3{\’*""%\"83 Uﬂ?ﬂ‘eﬂrm
-EEEE] Turrna et al. 2006 1 50 0(95%Cl:0 - 7.112 x 10°?) large sn;.:pb fmm! ?mmme. Paris [..]
{FEEF] Berger et al. 2005 1] 70 U[sa%gl_:u-a.iaaxw") Posted 1 month ago by Lutz Roewer
-FREF] Tsal et al. 2002 1] 109 0(95% Cl:0-3.328 x 10%) 1 Mutation rates updated
FEEF) Goedbloed et al 2009 7 1,757 3.984 % 109 (95% GI: 1.603 x 109-8.191 x 109) The mutation rates for all STR lociwere updated,
= : = = including fresh values for DYS576, DYS4B1,
-EEEF] Hohoff et al. 2007 [ 1,027 5842 x 10 (95% Gl: 2.147 x 10 - 1.267 x 10°?) DYS549, DYS533, DYSE70...]
FFEF] Lee et al 2007 2 368 5.42 x 103 (95% Cl: 6.571 x 107 = 1.944 x 10°%) v Posted 3 months ago by Lutz Roewer
FEEF] Domingues et al. 2007 1 135 7.407 % 109 [ 95% 875 x 107 - 4.058 x 102} Release 43
-FREF] Decker et al. 2008 1 383 2.571 x 109 ( 95% 508 x 1075~ 1.424 x 10°2) We have Lrpfdaied"gle YHRD MmT?mOE‘%%m
a = 2 ‘haplotypes from 40 populations.
-¥EEF] Ballard et al. 2005 1 245 4.082 x 109 { 95% CI: 1.033 x 10°* - 2.253 x 10°2) now 112,005 haploty pes typed in B34 dffernt
+FREF] Kurihara et al. 2004 1] 161 0(95% Cl: 0~ 2.265 x 10%) I
SFFEF] Gusmao et al. 2005 5 2,807 1.781 % 102 ( 85% Cl: 5.786 x 104 - 4.152 x 107) v Postent 5 moriths ago by Ltz Roswar,
FFEF] Kayser et al. 2000 2 96 2,008 x 107 (95% Cl: 2.433 x 10*~ 7.235 x 109) : m“z S
. 2 @ updat wi new
-EEEF] Heyer et al. 1997 0 213 0(85%Cl:0 - 1.717 x 10°%) haplotypes from 14 populations submitted by 16
FEEF] Dupuy et al. 2004 3 1,766 1.698 x 10°% [ 85% CI: 3.505 x 107~ 4.956 x 10°%) research groups. The YHRD has now 108 848
o = L1
-FFEF] Blanchi et al. 1998 i 248 0 (95% Cl: 0 = 1.471 x 10°2) Prastad 7 months st by Ltz Roawsr
FFEF] Budowle ot al. 2005 2 692 288 » 109 95% €1 3.502 x 1074~ 1.04 x 10°%) i i
: & v/ Ralasce
AFEEF] Dupuy et al. 2001 1] 150 0(95% Cl: 0 -2.429 x 10°°) We have updated the YHRD with 1,324 new
{FEEF] Peston| gt al. 1993 1] a5 0(95%ClL0-0.1) raploty pes from 13 i bmitted by 7
FEEF] Ge et al. 2003 2 2,918 6.854 % 10 (95% Gl: 8.302 x 105~ 2.474 x 10%) '“emﬁg'{’“?s The YHRD has now 105498
Sergey Kravehenko (YC000070) 1 274 3,65 x 109(95% Cl: 9.24 x 105 - 2,017 x 10?) i Posted 10 manihs aga by Lutz Roswer
Gerhard Baessler (YC000028) 0 67 0(95% Cl: 0 - 5.357 x 10°%) | Roloase 40 with new featuros

= Sascha Willuweit = Sign off =Home
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Figure 58: Locus DYS19 information: Mutation rates

3.3 Research - http://www.yhrd.org/Research
3.3.1 Lodi - http://www.yhrd.org/Research/Loci

These pages provide a lot of information on genetic properties of those Y-STR markers and loci of which the forensic
used Haplotypes are composed. In contrast to e.g. the database STRbase? all information (except the mutation
rates which are collected from the available literature) is directly created from the database and is thus updated
with each new release. A reference list is included in this section. Figures 58, 59, 60 and 61 show exemplary
pages for locus DYS19.

9See http://www.cstl.nist. gov/div831/strbase/
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w#A'NCBI Entrez Nuclecotide database
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Table Of Non-Uniform Alleles

v A |

14 Q

1 11,15

1 12,15

4 13,14

1 13,16

B 13.2

a7 14,15

1 14,1517
14,17

a 14.1

= 142

21 14.3

&7 15,16

13 15,17

a 15.2

58 16,17

a 16,18
16.2

2 17,18

-FFEF] Budawle et al. 2005 2 692 2.89 x 109 (85% Gl 3.502 x 10* - 1.04 x 102) R;;;;:mem TR
" . 2

-FEEF] Dupuy et al. 2001 0 150 0(95%Cl0-2.423 x10%) We have updated the YHRD with 1,324 new
-FREF] Peston| et al. 1993 [1] 35 0(85%Cl:0=-0.1) haplotypes from 13 populations submitted by T
FEEF] Ge ot al. 2003 2 2,918 6.854 % 10 ( 95% Cl: 8.302 x 105 - 2.474 x 109) L:ﬁ;hs‘;c;‘ag?”]“- The YHRD hiac niow 105,430
Sergey Kravehenko (YCO00O70) 1 274 3.65 % 109 (85% CI: 9.24 x 105 -2.017 x 10?) Posted 10 manths ago by Lutz Roswer
Gerhard Bagssler (YC000028) 0 67 0(95% Cl: 0 - 5.357 x 102 Release 40 with new features
Josephine Pumps (YC000011) 1] 201 -1.819x10%) ‘We have reorganized the YHRD to
Qasim Ayub (YC000083 1 13 8.85 % 107 (85% Gl 2.24 x 10* - 4.832 x 102 Actormodste the 't new ¥-STR joci incloded in

B2 LN ) = ; = = — = {'a the Powerplex ¥ 23 kit. Furthermore, [..]
(Summarized) 36 15,539 2317 x 10 (95% Gl 1.623 x 10~ 3.206 x 107) Posted 12 months ago by Lutz Roswer

DNA In Forensics 2012
Please visit the congress website
dna2012.gerichtsmedizin.at and register for the
upcoming Bth ¥ Chromosome User Workshop

[
Posted 1 year ago by Lutz Roewer

100,000 haplotypes
Eleven years ago we have launched the online
version of the YHRD database. Since then, the
number of submissions has increased [...]
Posted 1 year ago by Lutz Roswer

Happy New Year 2012 with Release 381
At December 30th we have updated the YHRD
with 2308 new haploty pes from 18 populations
submitted by 12 [..]
Posted 1 yaar ago by Lutz Roswer

8th Workshop in Innsbruck, Austria
Please note, that the venue of our next workshop
2012 changed from Porto to Innsbruck in Austrial
Here [...]
Posted 1 year ago by Luz Roswer

Looking for old news ? Read more.

Figure 59: Locus DYS19 information: Links and table of non-uniform alleles
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Figure 60: Locus DYS19 information: Relative distribution of alleles
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Figure 61: Locus DYS19 information: Absolute distribution of alleles

3.3.2 References - http://www.yhrd.org/Research/References

References are given in the "Research" pages of the website. Also projects using the YHRD database and links to
other Y-STR databases are listed (see Figure 62).
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Schneider PM. (2008), 'DNA Commission of the Intemational Society of Forensic Genetics (ISFG): an update of the
recommendations on the use of Y-STHs in forensic analysis.', Forensic Sei Int 157(2-3), 187-97 (g=Er1Gusmao et al.
2006)
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LATEST NEWS

. Release 44

On July 12th, 2013 the YHRD was updated with
2.251 new haplotypes from 17 populations. A
large sample from France (Lille, Paris, [...]
Posted 1 month ago by Lutz Roewer.

Mutation rates updated

using Y-chromosome STRs., Forensic Sci Int 124(1), 5-10 (e Gill et al. 2001)

Casework application

o Roewer L. (2009), ¥ chromosome STR typing in crime casework’, Forensic Science, Medicine and Pathology 5(2)(2),
77-84 (e Roewer 2009)

s Roewer L., Geppert M. (2011), ‘Interpretation Guidelines of a Standard Y-chromosome STR 17-plex PCR-CE Assay
for Crime Casework.', Methods Mol Biol. 830, 43-56 (zer] Roewer & Geppert 2011) i

Database :

v The mutation rates for all STR lociwere updated,
including fresh values for DYS576, DY5481,
DYE549, DYS533, DYS570[...]

Posted 3 months-ago by Lutz Roewer:

Release 43

- \We have updated the YHRD with 3.055 new
haploty pes from 40 populations. The YHRD has
now 112,005 haplotypes typed in B34 different

L]
Posted 5 months ago by Lutz Roewer

! Release 42
s Willuweit S., Roewer L. (2007), 'Y chromosome haplotype reference database (YHRD): Update', Forensic Science ! 7/
Interational- Genetics 1(2), 83-7 (3 Willuweit & Roewer 2007) ittt bl

“Roewer L., Krawczak M., Willuweit S., Nagy M., Alves C., Amorim A., Anslinger K., Augustin C., Betz A., Bosch E., ! {Ii’ﬁmhﬂ(ﬂ”m-mmﬂam now 108,848
Caglia A., Carracedo A., Corach D., Dekairelle AF., Dobosz T., Dupuy BM., Furedi S., Gehrig C., Gusmao L., Henke

J.. Henke L, Hidding M., Hohoff C., Hoste B., Jobling MA., Kargel HJ., De Knijff P., Lessig R., Liebeherr E., Lorente | o oniis 5o by Lutz Reewer

M., Martinez Jarreta B., Nievas P., Nowak M., Parson W., Paseali VL., Penacino G., Ploski R., Rolf B., Sala A, ' m" e
Schmidt U., Schmitt C., Schneider PM., Szibor R., Teifel Greding J., Kayser M. (2001}, ‘Online reference database of ! "”"f‘jﬁm - i
European Y-chromosomal short tandem repeat (STR) haplotypes.', Forensic Sei Int 118(2-3), 106-13 (3zmmRoewer et | research

13 T
research groups: The YHRD has now 105 488

al. 2001) i\ haplotypes [...]
v Posted 10 months ago by Lulz Roswer
n . 1 3 | Release 40 with new features

Figure 62: References summary page

3.3.3 Amelogenin Y deletions - http://www.yhrd.org/Research/Amelogenin+Y+deletions

Some contributors have submitted Amelogenin Y deleted chromosomes together with the haplotypes profil. These
are listed under "Research" (see Figure 63).
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m::::'amusa {European 0 na. 14 14 30 23 11 13 13 11,14 12 12 15 na na na na na LATEST NEWS
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Figure 63: Amelogenin Y deletions

3.3.4 Metapopulations - http://www.yhrd.org/Research/Metapopulations

In this section all predefined Metapopulations (see Figure 64) are on display with maps describing the catchment
areq, the geographic dispersal (see Figures 65 and 66) and a list of assigned population samples (see Figure 67).
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Figure 64: Predefined Metapopulations
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Figure 65: Catchment area of the Native American Metapopulation
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Figure 66: Geographic distribution of the Native American Metapopulation
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Figure 67: List of populations assigned to the Native American

39

Metapopulation



800 / [ YHRD - Research/YSNPs \\:;) 3
& — C [ www.yhrd.org/Research/YSNPs [P o ¢« 1 “"El G =

= Sascha Willuweit =Sign off »Home
Loci
References
Amelogenin Y
deletions

Metapopulations
YSNPs

Y-SNP FACT SHEETS

SEARCH YHRD

[Sean]
Search Y-SNP marker or branch ‘M3 LATEST NEWS
! Release 44
On July 12th, 2013 the YHRD was updated with
B 2.251 new haplotypes from 17 populations. &
Branches v large sample from France (Lille, Paris, [...]
B Posted 1 month ago by Lotz Roewer
#Q-M3 YCC2008: Q1alda | Mutation rates updated
The mutation rates for all STR lociwere updated,
including fresh values for DYS578, DYS481,
w7 Q-M346 (YCC: Q1a3) 1 DYS548, DYS533, DYS5701...]
V. Posted 3 months by Lutz Roswer
©-M3 (YCC: Q1a3a) ; 04 ey
FQ-M19 (YCC: Qladal) ! We have updated the YHRD with 3.055 new
F1Q-M194 (YCC: Q1a3a2) i haplotypes from 40 populations. The YHRD has
F1Q-M198 (Aliases: Q-M320, Q-P106, Q-P292; YCC: Q1a3a3) L e e
Posted 5 months ago by Lutz Roewer
- . Release 42
Mmmg Markera ; We have updated the YHRD with 3.452 new
Falie] B haploty pes from 14 populations submitted by 16
B research groups. The YHRD has now 108,943
Curator [
Sascha Willuweit B Posfed 7 months ago by Lutz Roewer
: i . | Release 41
G ! Modified p ‘We have updated the YHRD with 1,324 new
Nevember 5th, 2008 ' % i
1aploty pes from 13
research groups. The YHRD has now 105,428
i haplotypes [..]
. - S - - : Posted 10°months ago by Lutz Roewer
-— -~ % ,"“‘. ..-..m : Release 40 with new features

Figure 68: Y-SNP Fact Sheet

3.3.5 YSNPs - http://www.yhrd.org/Research/YSNPs

The Y-SNP section provides all molecular an phylogenetic information on Y-SNP markers and the assigned Hap-
logroup branches (see Figure 68).

Haplogroup branch section The first part of this section indicates the placement of the haplogroup branch within the
hierarchy of the phylogenetic tree. In addition, the defining markers, the curator and timestamps of creation and
modification are displayed. Finally, you get a map of the global distribution of the Haplogroup. The dispersal is de-
picted country-wise, graded from blue (not observed) to red (all individuals carry this Haplogroup) (see Figure 69).

Haplogroup marker section The content may vary, but in most instances the following information is displayed:
Marker name aliases (if any), assigned Haplogroup branch, specific type of mutation, flanking sequence with
links to BLAST (partial or complete sequence) against the NCBI human genome, NCBI dbSNP link to SNP acces-
sion number, references, list of commercial services offering to analyse this marker, curator, timestamps and lab
protocol(s) (see Figures 70 and 71).
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Figure 70: Y-SNP Fact Sheet: Marker section
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Figure 71: Y-SNP Fact Sheet: Marker section, protocol details

3.4 Contribute - http://www.yhrd.org/Contribute

This page explains in detail the submission of population samples to the YHRD and the procedure to receive an
accession number (mandatory for publication in FSI:Genetics'®) (see Figure 72).

10See http://www.fsigenetics.com
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Figure 72: Contribution guideline

3.5 Avthorization

YHRD only allows two searches and none AMOVA calculation without registration (see Figure 74). After registra-
tion'" and login'? (see Figure 73) you have access to the database (20 searches per day), could perform AMOVA
(2 per day) and use all tools. After 30 min of inactivity your session expires and you need to login again.

Within your personal profile page (by clicking on your name on the upper left of the site like in Figure 75) you will
find all your searches and are able to change your name or email address.

See http://www.yhrd.org/Register
12See http://www.yhrd.org/Login
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4 Glossary
4.1 Metapopulations

In population genetics the term "Metapopulation" describes discrete spatially distributed population groups which
are interconnected by geneflow and migration (Hanski and Gilpin (1997)).

By analogy, the term Metapopulation is used in forensic genetics to describe a set of geographically dispersed
populations which are connected by geneflow and are thus more similar within the Metapopulation (MP) than to
groups outside the MP (Willuweit et al. (2007)).

Match calculations performed on basis of such pooled population data should not be significantly affected by
sub-population structure. However, large genetic distances between Y chromosome Metapopulations affect match
calculations with respect to the used Metapopulation.

Sampled individuals can be grouped as a population according to several shared characteristics such as nation-
ality, geography, language affiliation or ethnic ancestry. Notoriously, these definitions often cannot conclusively
define individuals ancestry to a group (i.e. a population). Therefore none of them should be used alone or re-
garded as superior to other shared proxies.

A new pooling approach in forensic genetics using Y chromosome STR databases is to cluster individual samples
to groups according to their phylogenetic ancestry (e.g. Y-SNP defined Haplogroups).

Currently the YHRD database recognizes four separate Metapopulation structures; national (see Section 4.1.1),
continental (see Section 4.1.2), linguistic/ethnic (see Section 4.1.3) and phylogenetic affiliation with several cate-
gories within (see Section 4.1.4).

4.1.1 National

The concept of pooling data to build "national databases" has a very straightforward explanation: law enforcement
agencies and forensic services rely on their national population to built reference databases. In most instances
offenders and victims stem from the national population, and their genetic profiles should thus be represented in the
database. In countries like USA, Brazil, UK or China which are characterized by strong population substructure
national reference databases are often built on basis of a historical concept of ethnic affiliation, e.g. the US
population is sub-structured in a Caucasian, African, Hispanic, Asian and Native American populations or UK
differentiates English, Afro-Caribbean, Indo-Pakistani and Chinese. National databases due to their importance
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in national legislation are thus searchable in the YHRD. Each national Metapopulation in the YHRD comprises all
individuals sampled in a particular country regardless of the ancestry of the individuals.

4.1.2 Continental

Continental Metapopulations in the YHRD comprises all individuals sampled in a particular continent regardless of
their ancestries. The YHRD defines six continental Metapopulations following the United Nations classification of
geographical regions: Africa, Asia, Europe, Latin America, North America, Oceania.

4.1.3 Linguistic/Ethnic

The Metapopulation structure built on basis of "ethnicity/linguistic affiliation" takes to a larger extent the ancestry
of sampled individuals into account. "Ancestry" is an term collating historical, cultural, geographical and linguistic
categories. Of course, a Metapopulation concept on basis of "ethnicity" is by no means ideal, fully rational or
fully translatable, but simply takes the fact into account that on a global level categories other than "nation" or
"geography" far better describe the observed genetic clustering and inhomogeneity of Y chromosome patterns.

For a global reference database the "major language group" criterion seems most appropriate to group data by
taking the ancestry into account and produce subdatabases with respect to genetic similarity. The reasoning in
doing so is twofold: first, language is often an inherited cultural trait and thus the language phylae show strong
similarity to genetic traits including the Y chromosome. Second, since languages are well examined by science
and mostly understood by the public due to the long tradition of language research, the linguistic terminology is
in principal more understandable and translatable into practice than their genetic pendant. Aside from the pure
linguistic categorization (e.g. the Altaic language family comprising people speaking Turk and Mongol languages)
we took also unifying geographic criterions (Sub-Saharan Africa comprising speakers of different African language
groups which live south of the Sahara).

It is important to state, that the current "Metapopulation" structure is an a-priori categorization which needs a con-
tinuous evaluation and verification by means of statistical methods to quantify the genetic similarity/dissimilarity
between the samples. While the current categorization of eight large Metapopulations gains some support from
genetic distance analysis done on basis of 41,000 Haplotypes (Willuweit et al. (2007), see Figure 77) a further
subdivision of the "Eurasian - European Metapopulation" was implemented solely on basis of Y-STR Haplotypes.
The analysis of 12,000 European Haplotypes by AMOVA demonstrates that three largely homogeneous pools
of European Haplotypes exist: the Western, the Eastern and the Southeastern Metapopulation (Roewer et al.
(2005)). A search option for these subgroups is implemented in the YHRD. Further genetic distance analysis will
show, which groups can be abandoned, further divided or need a new definition.

Currently the YHRD has eight non-overlapping Metapopulations (see Table 2): Admixed, African (see Figure 78),
Afro-Asiatic (see Figure 80), Amerindian, Australian Aboriginal, East Asian (see Figure 76), Eskimo-Aleut, and
Eurasian (see Figure 77). Some of these Metapopulations are further subdivided, e.g. Eurasian into six subcat-
egories, from which European subgroup splits further into three groups of Western, Eastern and Southeastern
Europeans.
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Metapopulation Haplotypes  Definition
All 114256 The assembly of all metapopulations builds the YHRD database. Lan-
guage, geography and Y chromosome markers are used to define
metapopulations.
African 5223 This MP comprises populations of recent Sub-Saharan ancestry, either
(300) living in the Subsaharan part of Africa or migrating to other continents
(e.g. the US or the Caribbean)
Afro-American 2784
Afro-Caribbean 489
Sub-Saharan 1650
Afro-Asiatic 4949 (0) This MP comprises populations from North Africa and the Arabian coun-
tries of the Near East. The name "Afro-Asiatic" describes the language
group where all these populations belong to.
Berber 354
Cushitic 201
Semitic 4394
Australian Aboriginal 766
East Asian 10384 (0)  This MP comprises all populations from the eastern part of Asia which are
not Eurasian. The main language groups subsumed under "East Asian"
are Austro-Asiatic (e.g. Vietnamese), Austronesian (e.g. Malay), Thai,
Sino-Tibetan, Japanese, Korean, Dravidian and Indo-Pacific (e.g. Papua
languages).
Austro-Asiatic 524
Austronesian 2054
Dravidian 542
Indo-Pacific 29
Japanese 2063
Korean 4568
Sino-Tibetan 13405
(34)
Chinese 10304
Tibeto-Burman 3067
Thai 604
Eskimo Aleut 631 This MP comprises all populations from Greenland, US, Canada and
Russia, speaking one of the Eskimo-Aleut languages.
Eurasian 60966 This MP comprises all populations inhabiting the landmass between At-
(191) lantic, Indian and Pacific Ocean and speaking an Indo-European lan-
guage.
Altaic 5226
Caucasian 502
European 48498 On basis of Rsr analyses of the European populations sampled for the
(5839) YHRD three main clusters emerged: the Western, Eastern and South-
Eastern European MP.
Eastern European 12455
South-Eastern European 5538
Western European 24666
Indian 2924
Indo-Iranian 2803
Uralic-Yukaghir 1013
Native American 2151 This MP comprises all indigenous people who inhabit North, Central and
South America since pre-Columbian times.
Admixed 15590 This MP comprises populations which members originate from two or

more very distant source populations (e.g. the Mestizo populations of
South America)

Table 2: Predefined Metapopulations
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East Asian - Indo-Pacific East Asian - Dravidian

Figure 76: Distribution of East Asian Metapopulations

"

European -Western European

Eurasian -

»

Eurasian - Eumpean - Eastern European Eurasian - European South Eastern European

Eurasmn - Indo-Iranian

Eurasian - Indian

Figure 77: Distribution of Eurasian Metapopulations
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African - Sub-Saharan African - Afro-American

African - Afro-Caribbean

Figure 78: Distribution of African Metapopulations

Afro-Asiatic - Berber

Afro-Asiatic - Cushitic

Figure 79: Distribution of Afro-Asiatic Metapopulations

Native American Australian Aboriginal

Admixed

Figure 80: Distribution of Native-American, Eskimo-Aleut, Australian-Aboriginal and Admixed Metapopulations
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4.1.4 Phylogenetic

The typing of Y chromosomes submitted to the YHRD is now continuously extended for binary Y-SNP polymor-
phisms. A grouping of Y-STR Haplotypes according to Haplogroups thus becomes feasible. The phylogeny of the
Y chromosome defined by binary polymorphisms is well established and stable (Underhill et al. (2000), Hammer
et al. (2001), Jobling and Tyler-Smith (2003) and Karafet et al. (2008)). All Y chromosomes sharing a mutation
are related by descent, until a further mutation splits the branch. Haplotypes within a Haplogroup could be highly
similar or even "identical by descent" (IBD). In thus, the Haplogroup could be used as a criterion to substructure the
database according to the phylogenetic descent of samples. Even though the chronology of the SNP mutations is
far less certain than the structure of the tree, many Haplogroups could be equated with events in human prehistory.
The worldwide distribution of the patterns of the human Y-chromosome diversity has revealed clear geographically
associated Haplogroups (Underhill et al. (2000)).

4.2 Haplogroups

A Haplogroup is defined by a specific Y-SNP mutation event. The YHRD favors a system of defining Y-chromosome
haplogroups by letters A through to T, with further subdivisions using the Marker name.

4.3 Statistics
4.3.1 AMOVA (Analysis of Molecular Variance)

Derived from F-Statistics, AMOVA helps analyzing haploid data called phi-statistics. See @57, ®cr and ®5¢. To
assess the significance of @57 values, permutational analysis of the null distribution drawn by randomly interchang-
ing Haplotypes of populations is evaluated.

There are two different ways of dealing with a molecular distance of two Haplotypes: Fsr-based, where two Hap-
lotypes are either equal (Fsr = 0) or have at least one inequality (Fsr = 1) and Rsr-based, where the sum of all
squared differences is used (Excoffier et al. (1992) and Roewer et al. (1996)).

Fsr is the ratio of the average number of differences between pairs of chromosomes sampled within diploid indi-
viduals with the average number obtained when sampling chromosomes randomly from the population (excluding
the grouping per individual).

Fsr = var(p)/P(q)

®gr is describing the correlation between molecular diversity of random Haplotypes between two populations
relative to random pairs of Haplotypes drawn from the whole species.

b1 = var(a) + var(b) /var(x)

®or is describing the correlation between molecular diversity of random Haplotypes within a group of populations
relative to random pairs of Haplotypes drawn from the whole species.

bor = var(a)/var(zx)

®gc is describing the correlation between molecular diversity of random Haplotypes within populations relative to
random pairs of Haplotypes drawn from the region.

Do = var(a)/var(a) + var(b)

4.3.2 F-Statistic

The values of F-statistics measure the correlation between genes drawn at different levels of a hierarchically sub-
divided population and allowing the characterization of the level of genetic distinctiveness of supposedly inbred
or isolated populations and discrimination even between closely related populations, specifically the degree of
(usually) a reduction in heterozygosity when compared to Hardy-Weinberg expectation.

Fyr is the inbreeding coefficient of an individual (1) relative to the total (T) population; Fjs is the inbreeding co-
efficient of an individual (I) relative to the sub-population (S), using the above for sub-populations and averaging
them; and Fsr is the effect of sub-populations (S) compared to the total population (T). Those values are called
Fixation indices.

4.3.3 MDS (Multidimensional scaling)

This analysis is used to assign pair wise similarities (or dissimilarities) to points in a N-dimensional space represent-
ing those similarities as distances between points. There are two major principles of MDS:
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Metric MDS (M-MDS), a distance matrix D (similarities) into a set of coordinates such that the Euclidean distances
derived from these coordinates fitting D as well as possible. The basic idea of M-MDS is to transform the distance
matrix into a cross-product matrix and then to find its Eigen-decomposition which gives a principal component. This
requires linearity assumption to be met.

Non-Metric MDS (N-MDS) on the other hand, uses the rank of a distance matrix delta (dissimilarities) to iteratively
assigning locations to monotonic parts of delta. In every iteration, the configuration of assigned locations evaluated
with respect to a stress criterion (how well does the configuration approximate the original input dissimilarities).

4.3.4 PCA (Principal component analysis)

PCA is useful to reduce the dimension of the input data, which may be highly correlated (redundant). This technique
has three effects: it orthogonalizes the components of the input vectors (so that they are uncorrelated with each
other), it orders the resulting orthogonal components (principal components) so that those with the largest variation
come first, and it eliminates those components that contribute the least to the variation in the data set. In a result
there are two principal components: The first is a single axis in space. When you project each observation on
that axis, the resulting values form a new variable. And the variance of this variable is the maximum among all
possible choices of the first axis. The second is another axis in space, perpendicular to the first. Projecting the
observations on this axis generates another new variable. The variance of this variable is the maximum among all
possible choices of this second axis.
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