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What is the true extent of Extra Pair Paternity in Western
societies?

Famous Dutch painting from 1664 with hidden message, “depicting childbirth celebrations by focusing on
the father rather than the mother, and by suggesting the child’s illegitimacy. His subversive treatment of
the subject was not apparent until the painting was cleaned in 1983, and the removal of 19th-century
paint revealed a hand making the sign of the cuckold above the baby’s head.”

Steen, Celebrating the Birth
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"Mommy's baby, daddy's maybe™:

Genetic Genealogical Reconstruction of Extra-pair Paternity (EPP)

Behaviour, Maarten Larmuseau PhD

Head of the Laboratory of Human Genetic Genealogy, KU (Katholieke Universiteit)

Leuven, Belgium

PATERNITY

DETEGTIVE

Geneticist Maarten Larmuseau

tackles a touchy question: How often
are children genetically unrelated to
their presumed fathers? By Andrew Curry
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Source: Science: https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
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Genetic Genealogical Reconstruction of Extra-pair Paternity
(EPP) Behaviour - Maarten Larmuseau

* An oft-repeated zombie statistic posits that as many as 10% of children
are fathered outside of marriage

* Inthe 1991 book, The Third Chimpanzee: The Evolution and Future of
the Human Animal, biologist Jared Diamond claimed the adultery rate
among humans was between 5% and 30%.

* In a widely cited 1997 paper, University of Reading evolutionary
biologist Mark Pagel argued EPP was so common in humans that
babies evolved to be indistinguishable at birth, concealing their true
paternity as a protective mechanism.

* Existing evidence was questionable. Estimates based on paternity tests
are biased, as people paying for a test often already suspect Not Parent
Expected (NPE) or Extra-Pair Paternity (EPP).

Source: Science: https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
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Large Single Patrilineal Tree — Founder born in the
14" Century
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The colored boxes are living male descendants EPP occurred in the 19th
of 14™ century their patriarch. Green matching Century or just before

Y-haplogroup. Other color don’t match.

RUG - Nov 2025 - Ullrich Video: https://www.youtube.com/watch?v=Xv2YGDI|Dysw



https://www.youtube.com/watch?v=Xv2YGDlDysw

How to estimate when the EPP/NPP Happened?

Different Y-DNA haplogroup verifies unrelated male ancestor.

* Male individuals who share the same Y-SNP (terminal SNP) also must share a
common male lineage since the point when the SNP originated.

What proof can we use to prove when these EPP/NPP occurred?

* Autosomal DNA from descendants. Amount of shared cM can predict the
range of possible relationships which narrows down when the EPP event

occurred.

Private SNP becomes Pubic when found in at least two or more unrelated or distantly related individuals.
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Testing Methodology - Expanded Study

» Collected family trees going back to the 1400s with the help of Belgian

and Dutch genealogy enthusiasts. Then independently verified the
trees.

» ldentified thousands of men living today who, according to
genealogical records, should all be distantly related on their father’s
side. Local history societies helped him contact candidates.

» The men were informed that he was looking for NPE in their ancestry,
and any hesitation was enough to exclude them from the study. Didn’t
test siblings, or people with parents, grandparents, or great-
grandparents in common, because the consequences of uncovering a
painful family secret in the recent past are too high.

» When a family tree is accurate, the Y chromosomes will match.

Article: DOI: 10.1016/j.cub.2019.09.075
RUG - Nov 2025 - Ullrich


https://doi.org/10.1016/j.cub.2019.09.075

Expand Study to Gather Statistically Significant Sample Size

* Expand study to of 513 genealogical pairs of males sharing a male ancestor obtain
in-depth genealogical details of all 6,818 male ancestors most were born before the
introduction of modern contraception (median year of birth: 1840, quartiles (25 / 75%:
1762-1896, range 1315 - 1974),

* Each Y-chromosome mismatch provided genetic evidence of at least one case of
NPE/EPP.

 Examined archival records to obtain in-depth genealogical details of all 6,818 male
ancestors that occurred in our genealogies, including place and date of birth and, for
the males born between 1750 and 1950, the occupation of the legal father.

Source: https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
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Study Data — Analysis and Verification

» Verified in the genealogical records that the birth of each child in the patrilineages
happened within wedlock and was declared officially by the father himself

» The high quality of both the historical demographic data and the genealogical records
available for our study area meant that we could not only reconstruct the mean
historical EPP rate from these mismatches but also estimate EPP as a function of socio-
demographic factors that are expected to influence its incidence.

» For children born after the start of the civil records after 1800 or that there was clear
genealogical evidence that the father was alive when the child was baptized

» Occupation of the father used to infer the socioeconomic status of the ancestors
and linked place and date of birth to recorded (or estimated) historical population
sizes and densities.
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Y-Haplogroup Distribution

* Y DNA analysis: genotyped all of our contemporary
male DNA donors at a panel of 191 Y chromosome
SNP (Y-SNPs) and 38 Y chromosome STR (Y-STR)
loci and used mismatches in the Y chromosomal
haplotype of genealogically paternally related pairs
of men as evidence for the occurrence of one or

more EPP events within their genealogy.

* There where 299 haplogroups in the study along
with sub-haplogroups.

Major Haplogroups

Haplogroup Unbiased sample

N Freg
Al o’ 0.0
E1bib 17" 5.7
G2a 127 4.0
11 39" 13.0
12 23" 7.7
n 57 1.7
12 147 4.7
Q 1" 0.3
R1a 10" 3.3
R1b 175" 585
L 27 0.7
T 1" 0.3

Total

Source: https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3

RUG - Nov 2025 - Ullrich

299


https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3

EPP/NEP Results Red dot = low incorme

A 7 ,B
* Historical EPP rates, while low g éouose , ’“_
overall, were strongly impacted by @ (= i
socioeconomic and demographic i 2
factors. g |-
» Specifically, we observe that estimated Voar of b -
EPP rates (1A) among married couples Green dot = farmers

Figure 2 Context-Specific Variation in Human Extra-Pair Paternity

varied by more than an order of
magnitude, from 0.4% to 5.9%, and
peaked among families with a low
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socioeconomic background (1B) living —
in densely populated (1C) cities of the e A==\
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male DNA donors

Source: https://www.cell.com/current-biology/fulltext/S0960-9822(19)31305-3
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EPP/NPE Plotted on a Map vs. Year

A) Historical rate and (B) location of historical EPP rates plotted on map
of study area

Estimated EPP in 1750 B Estimated EPP in 1850

Estimated human extra-pair paternity in 1750
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Figure 3 Estimated Extra-Pair Paternity Rates in the Low Countries around 1850

Video: https://www.cell.com/cms/10.1016/j.cub.2019.09.075/attachment/c926f70f-06eb-48ad-a3f0-2b83552f83be/mmc3.mp4
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DNA Painter Recent Updates
Johnny Perl

« Matrix tool \@$

* Ancestral Trees - Updated
+ WATO Plus &

* Chromosome Map features — Updated
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DNA Painter — Matrix Tool

DNA PAINTER  Dashboard Tools Help Subscribe

Untitled matrix: click here to add/edit title

Click to add notes

Welcome

Use this tool to create, view, and share a grid of autosomal testers. You can also add relationships to
compare shared DNA with expected amounts for that relationship.

Adding data

» Click Add tester to add manually, or Load to import from
a CSV or paste a Gedmatch/FTDNA matrix

» Once you've added more than one person, enter shared
DNA amounts by clicking Edit mode or by clicking a
name on the left and editing Relatives and shared DNA

« Relationships can be added manually or via CSV import

Sharing

« Click Share to generate a link; viewers will see initials by
default for privacy
» You can also click Export to save the matrix as an image, CSV, or data file

Read blog post Read new features blog post

RUG - Nov 2025 - Ullrich

Matrix [

Store, share, and analyze the amounts of
DNA that a group of people share with each
other.

Read blog post

Create a new matrix h

View example matrix

» Use to create permanent
matrix of cM shared
among matching
autosomal testers that you
can share with others.

» Can import from a csv file

» Linked to cM tool



DNA Painter — Matrix Tool

EDIT MODE Click Save to confirm edits or cancel to revert them. Cancel m

DNA Matrix tool beta @ About this tool [JWebinar

(o | | s | cor

« Click a name to edit a tester
« Add/Edit shared cM and relationships directly in the grid

« Drag :: to re-order testers

Click to add notes

« Click * to delete a match

enter shared cM ‘ | enter shared cM | enter shared cM |
+ add relationship + add relationship + add relationship
) enter shared cM | | enter shared cM | | enter shared cM |
:: Stephen Ulirich | --
+ add relationship + add relationship + add relationship
| enter shared cM | ‘ enter shared cM ‘ | enter shared cM |
+ add relationship + add relationship + add relationship
-~
| enter shared cM | enter shared cM ‘ | enter shared cM |
+ add relationship + add relationship + add relationship

<= Add tester Cancel m
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Select ‘Edit’.

Add New tester
Add amount of cM
Add relationship

V.V YV V

® OO

Can Load a matrix



DNA Painter — Matrix Tool Features

Show Shading

® cM O % shared @ DNA shared O vs. expected O SD from average

Sort: Shared DNA with Robert Ullich W

®

BRI - ©

-- 29456 27‘199 588.1 271.3

paa 7794 2238 32.9

o 588.1 206.4 0

AN

®

- 289.7 12.4

33

=+ Add tester

%)

r®

Features

> () Show %2 matrix

> (2) Show initials

> @ Options to display

> (@) Color intensity shows
amount DNA shared

> (5) Click on box

> (6) Click on name: stats

RU and KL share 271.3cM  *

olle
! ~ 72nd percentile for 2C

@ « Within one sd of the average
See next slide ! View in Shared cM Project
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Matrix Tool Features: Match Statistics

@ Percentile rank vs expected @ SD* from average

Stephen Ullrich e Stephen Ullrich

Company: Ancestry  Kit Number: n/a  Year Tested: 2013 Company: Ancestry ~ Kit Number: n/a  Year Tested: 2013

Notes: Notes:

Ancestry kit May 2013, Data was collected using AncestryDNA array version: V1.0 Ancestry kit May 2013, Data was collected using AncestryDNA array version: V1.0

Chart Relatives table X IMAGE m Chart Relatives table X IMAGE
O DNA shared)® vs._ expected O SD from average © DNAshared O vs. expected © SD from average
20

90 15
80
w
70 : ' 5 10
Chart Relatives table & IMAGE =
= 60 S 05
£ e
2 c
@ o
o 40 Karl 33cM 0.44% 4C1R m 0.25 n 0
10 Stephen Ullrich = 32.9¢cM 0.44% 4C1R m 0.24
05
20 R | 29.2¢cM 0.39% 4C1R 0.06
10 Mara 12.4cM 0.17% 4C1R -0.78 -1.0
Kath 0cM 0.00% 4C1R - Not available Mari- Karl = athy ober
0 1 U N WHD! [ R
Mara Karl Match
Indicates how close or far the shared DNA is from the average, using standard deviations (SD)
Standard deviations from the average
Within 1 SD Standard deviations from the average
1-2 SDs o
5.3 8Ds Within 1 SD
LoD wnc 1 _2 SDS
2-3SDs

DNA Shared option = ¢cM shared; not shown. *+2 SD 95% Confidence Interval (normal distribution).

Relationships >>* 2SD might be a suspect relationship.
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Chromosome Maps — Add Y- and mito DNA Information

- DNA PAINTER  Dashboard ' Tools Help Subscribe

Scroll down chromosome map below
Chrm 22 and X CHRM until you reach Y-
DNA and mt (mitochondrial) DNA
chromosome information. Click to enter
your info.

ANCESTRAL TOOLS AND CHROMOSOME
TREES WATO MAPS Y AND MITOCHONDRIAL DNA X

(=

- e

- -

el
o

All fields are optional Blog post about this feature
@ Y-DNA haplogroup Mitochondrial DNA haplogroup
o Please use same format as FTDNA Piease use same format as FTDNA
(e.g. R-M269 as opposed to R1b1a1b) (e.g. a string beginning with a letter)
o Add Y-DNA information o Y-DNA kit number at MitoYDNA.org mtDNA kit number at MitoYDNA.org

’

Normally in the form T12345 Normally in the form T12345
Edit Y-DNA Ancestor Mitochondrial DNA ancestor
i
|Please select ﬁ |Please select K

~

2 3 ¢ nwoovdeme== Link to mitoYDNA kit Add from tree or add new.

@ Add mitochondrial DNA informz o
|-38522 E @ °'m mitoYDNA
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DNA Painter Chromosome Maps Updates

Three new Options in controls on right side

Slider allows removal of smaller segments from 5to 30 cm.

+ a Q Hide segments below 7cM
-

+ # Q Hide segments below 5cM .
Options I s M OVe slider
(J Show names on segments in the group o o
overlay by default? 9 ]
(] Show cM values next to names in expanded
chromosomes? o

¥ Show centromeres on chromosomes?

¥ Show megabase guides on expanded
chromosomes?

¢ Q Hide segments below 21¢M
- <

v Show keylines on expanded chromosomes?

¥ Show slider to restrict segment display?

Start arIZch and go up to -::M

000 4

Gridlines and chrm bp position see next slide
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DNA Painter Updates for Chromosome Maps

Next new Options in controls
Charles Ullrich (1891-1971) & Katherine Robinson |

. Szgle e R e e, Click on a segment to Match: Mara F. 1C A9
Options
20.3cM (4,709 SNPs)

(J Show names on segmen I # Q Hide segments below 5cM 58,141,615-77,477,953

overlay by default? [
. Hovering over a segment shows segment info
(] Show cM values nexttot o
chromosomes?
¥ Show centromeres on chromosomes? Select (+) and the chromosomes expand showing
| # Show megabase guides on expanded gridlines and Mbp scale
chromosomes?
] « Show keylines on expanded chromosomes? + Q Q H'-de seaments below et
¥ Show slider to restrict segment display? @ SHARED OR BOTH @ Show match names Mass edit mode

Start at ECM and go up to -::M

PATERNAL

Option requires you to open chromosomes up
MATERNAL
Keylines show exact bp position on the | Floren |
: [ Steven
chromosome where the mouse is over.

RUG - Nov 2025 - Ullrich
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DNA Painter Updates - Family Trees

1. Select DNA filter 2. Select dimension (age at dearth, country of birth etc.)

Dashboard Tools Help Subscribe Dashboard Tools Help Subscribe

. . . 5_ A . .A ; . v
| Q Search A DNAfilters® A Dimensions v Reports d <z DNATilers Dimensions Reports

[ %]

_LRICH Show genetic ancestors @ -LRICH Age at death

Show X-DNA path
leritance path rese Show Y-DNA path

Country of birth

1eritance path reset Western Zodiac

Parents Show mitochondrial DNA path P;":f";s # Add/edit dimensions

3. Select type of report

Q Search A DNAfilters® A Dimensions A Reports B

JICH Brick walls G

Genealogy facts
ance path reset

@ Filters work in the Fan Charts

Tree completeness

@ Genetic ancestors: those painted/mapped onto a chromosome location
RUG - Nov 2025 - Ullrich



DNA Painter Updates
Brick Wall Report Listing

DNA PAINTER  Dashboard Tools Help Subscribe

| TREE }\N DOT TEXT PLACES| Q Search ‘v DNAfilters v Dimensions » Reports
) BETA

STEPHEN JOSEPH ULLRICH Brick walls

Male Genealogy facts

In Tree view, select ‘Reports’
From dropdown menu select ‘Brick Walls’
and a list of tour Brickwall.

Parents Grandparents /€€ COmpleteness

20f2 40f4

Tools

k csviile
BRICK WALLS

The table below shows unknown parents of ancestors in this tree (most recent first).

set © Two most recent generations O All brick walls

) Brick wall

3rd-Great-Grandparent The mother of Frederick H. Ullrich b. 1816 in Saxe-Coburg, Deutschland

3rd-Great-Grandparent The parents of Johanna Wernly b. 1843 in Budweis, B6hmen, Kaisertum Osterreich

3rd-Great-Grandparent The mother of George Joseph Walker b. 1824 in Ireland

3rd-Great-Grandparent The parents of Adalbert Biniek b. 1800 in Zempelburg, Westpreuien, Kdnigreich

Preulten (now Poland)

[I 3rd-Great-Grandparent The parents of Agnes Saydak b. 1805 in Zempelburg, Westpreufzen, Konigreich
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DNA Painter Updates
Genetic Ancestors View

Darker grayed out areas are ancestors
not yet Chromosome painted

Genetic ancestors are those painted onto a
chromosome location are shown in color.

LIVING

1951-
Root person

PHILOMINA
KAROLINE
PLATZER

Hover oven a person shows
their name and image if added
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DNA Painter Updates - Maps

EDIT View From tree view hover over name of ancestor and click EDIT ((D).
e weneses o OCFOLL down to ‘Coordinates’.

VIEW  |EDIT P e

Philomina Karoline Platzer Living © Deceased coordi “ate.s
Birth Date Birth Place
DELETE ek sl 1 The position of the red pin in this map will be used in the Places map.

Death Date Death Place

ou can drag and drop the pin to choose a more precise location.

2 92093

f'.-'1ARK A'S A GENET'C 05APR 1894 New Town, Queens County, New York ) ]
ANCESTOR Seepiten If the location is completely wrong, search for a new one below.
Colour Picture
= a Street
Mark as a genetic "ff:s""? L ) !
‘ 4 Replace

= Select streeticon to map to a specific street. Move the

. H ¢ »
red pin to the street address location or ‘Search”.
¢ )
: Save’.
HHHHHHH Q Search ' +
s Nord%rstedt B404 -
e Pinnsberg
Remove this location Stade
Use this location for everyone with a birthplace of Hamburg, Hannover, Germany Q W%del .
— Hamburg Marienstrale
2029 - @ @ m ’
‘Also apply to all known ancestors of this person? Bremervorde Bindehude @/\\‘ N
o o et Longitude: 9.967816271569859 = Y
Also apply to all known ancestors of this person? Latituae: FRNATERRe B4

See(\setal

Click here to apply location ALL
. . [J Remove this location
people with same location. \
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Lauenbbu (i )%

[J Use this location for everyone with a birthplace of Hamburg, Hannover, Germany



DNA Painter Updates

DNA PAINTER

Dashb

Map Ancestral Migrations

BETA

| TREE FAN DOT TEXT PLACES «fes=== Open ‘Places’to view

| TREE FAN  DOT | TEXT PLACES

Q Vv DNA v Dims® v Reports [ |

Share

Palettes Load GEI

BETA
. Sgeneratmns
¢ Maps different ancestral e
A Norway Finlan
L] L] L]
lines with one location per
° Estonia
generation
Uithwania
- —e Belan
%
el
ggublic ]
SCOTLAND KURZEM F Austria
rance
REGION ” Slovenia Romania
z R
Denmark Andorn Italy Bulgaria
Spain Am;:«:e
Gibratar
NORTH EAST Tunisia
ENGLAND
NORTHERN A - KALININGRAD
IRELAND United Kingdom Moroccs  pera
\ Libya E¢
< YORKSHIRE AND
THE HUMBER iy
. W__'-—Q—‘—’—' _%
— EAST
MIDLANDS Share Palettes Load GEDCOM Q
WALES
Netherlands
SOUTH EAST s More about this feature X
ENGLAND . ¥ Y Denmark
Bolgium 1 < K United Kingdom,__ .
Y r ¢ ‘ < 7
e i generations
NORMANDY : A
GRAND EST Slovakia e
NORMANDY
BRITTANY ° SR N[ 13 Stovakia
. o Austrig
CENTRE-VAL ¥ : 5
PAYS DE DE LOIRE BOURGOGNE- P i ! ) Austria 'S France Switzerland
LA LOIRE FRANCHE- 7 Hungary ol oanny” . Slovenia \
COMTE ; 4 NEW :
France E Switzerland AQUITAINE Croatia Sert
/ iy L N DCCITANIA Monaco
; Slovenia \ - Andorra aien Italy Montenegre
V" ‘ ARAGON Albania
CAMPANIA
NEW JERSEY Spain DALEARIC SARDINIA
Portugal ISUAND! N G
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DNA Painter Updates

New WATO Updates WATO Plus

WATO Plus - Easier to use
(requires subscription) -

* New easier to use
structured research |
question form. Input used
in analysis.

* Letsyou factorintheage *“
of the unknow parent.

Research Question Form

WATO plus lets you use DNA matches to help figure out where you

might fit into their tree read more
| would like to identify the biological Father v|of . . .. .. . . . ‘ Paul's mother ‘
bornintheyear..............._________________________..._
using the DNA Matches of .. ... . ... ... | Paul's mother’s child v

WhOSE NAME iS. . . . ... Paul |

» Optional info

Screenshot of the research question form

WATO Plus Guide: https://dnapainter.com/help/user-guide/wato-plus

WATO Facebook Group: https://www.facebook.com/groups/244344539465504
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DNA Painter WATO Plus

Research Question: find father

I am trying Lo identily the biclogical father of Kathy, bormn Hyp. 1 Hyp. 2 Hyp. 3

fo r Kat hy bo rn 1 944 u Si n g D NA in the year 1944, using the DNA matches l::;,:;l.":'[' :&1 :';D:""f:i)“ o :;‘::"' e ;”':"T‘TWJS“ ~

1924) b. 1928) 1901)

David. The biological mother was born in

# [ Apcty e s 20e 1o Te ponsbines

matches of Kathy’s child, David. s s wom s

er e o 39 O/o Norman Hamngton 950 ;:Jr'u ;l{r"- ' Ln r _"_l"‘.:‘-lf:;‘
Uses aged based probabilities otedis 1 104
— — | pslie Hamington 449 b U . s

Richard Harrington

derived from birth statistics.

Stove Davies

1%
Good for ruling people outand __ Hypothesis 2b. 1928 Probabity of father bel

SES==="1this age based on

Peter Hamngton biclogical mother aged 22

finding who to test.

Report, 1940)

Uses 1940 USA Birth Data to calculate probabilities.
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DNA Painter: New Tree Tool to Display Photos

Open, Ancestral trees; select ‘DOT’

STEPHEN JOSEPH ULLRICH
Male
00602 9000 0000
®@@0 - 00 o
( | | |
I —— — T
ANCESTRAL TOOLS AND
TREES WATO ﬁ 0 ﬂ/ Q
———— —
DNA PAINTER  Gashboard T € &
[TREE FAN DOT TEXT PLACES] QSearch ~ @ 2nd-Greal-LGrandparents
] BETA 16 of 16

-

Frederick H. Ullrich

Need to upload ancestor’s photo. From Tree view FLEITE i
hover over name of ancestor and click EDIT. Find s [ choose Fie | No fie chosen
‘Picture’ option and upload a file. After upload and

Anna Maria Burger

@
@

select the face within the picture to display. DISPLAY OPTIONS

. . © Names and pictures
Can also have photos showing in trees i

O Names and dates
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FTDNA Mitochondrial DNA — Revised tree and
new features

Haplogroup
//"“\
* Newly updated mito tree = v
* Mitochondrial DNA’s strengths is that it can Ma.lma.?
reach far back in time T
* MitoDNA Beta: o - el
Over 40,000 branches o T Mai.mm
Over 250,000 mtFull Sequences from FTDNA - |
Over 10,000 third-party full sequences from g i
GenBank, 1000 Genomes, etc. [ [ :

0 DaughlerQ?

Over 1000 Ancient Connections son
Over 100 Notable Connections

Blog: https://dna-explained.com/2025/09/02/mitochondrial-dna-a-z-a-step-by-
step-guide-to-matches-mitotree-and-mtdna-discover/
https://dna-explained.com/2025/02/25/mitotree-is-born/
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AutoSegment Split - GEDmatch's Latest Tier 1 Tool

Based on non-triangulating segments

Segments all on chrm inherited from one parent

[ Le [ITadle]3] AutoSegment Split

0 M wm >

* Triangulating segments: overlapping segments on the
same chromosome on the same side

* are shared by all DNA Matches (at least three or more
individuals, e.g., yourself and two DNA matches)

* triangulated segments are likely to be inherited from a
John common ancestor

Cluster A, B, C, D match on same Chrm
segment but D only matches C.
D is non-triangulating with A, B & C.

C <-Genetic-> D

* Non-triangulating segments: overlapping segments on
Chri the same chromosome but on opposite sides

Robert

. *
¥ .
- .
- *
-
o .
* :
»
o L3
* -
- .
- *
» 0
- .

* Example: the DNA segments from John and Robert

* The DNA segments from John & Robert do not match:
* John and Robert are related on opposite parent sides
* Not known if maternal or paternal side

A <- Genetic -> B <- Genetic-> A

For same overlapping segments, non-triangulating and triangulating segments much match opposite parents.

Link to presentation by Evert-Jan Blom: AutoSegment Split - GEDmatch's Latest Tier 1 Tool
RUG - Nov 2025 - Ullrich


https://www.youtube.com/watch?v=WpZT9-2kafo
https://www.youtube.com/watch?v=WpZT9-2kafo
https://www.youtube.com/watch?v=WpZT9-2kafo
https://www.youtube.com/watch?v=WpZT9-2kafo

AutoSegment Split - GEDmatch's Latest Tier 1 Tool

OIVCIETJo -4\ 1:¥segments

Based on non-
triangulating

segments * Chromosome 14 representation

* Matching segment with match:

* Matching segment with match:

..“i
-

* Matching segment with match:

* Triangulating segments on one side: .""

Link to presentation by Evert-Jan Blom: AutoSegment Split - GEDmatch's Latest Tier 1 Tool
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AutoSegment Split - GEDmatch's Latest Tier 1 Tool

ALY Yo [1d example

* Overlapping segments on chr 14
* 2 of 3 paternal
* 1 of 3 maternal

Triangulation matrix

* Segments linked to both parents

1387 * Triangulation matrix

match

wm Chr 14

[3 . —

234 140

140 133

R

Link to presentation by Evert-Jan Blom: AutoSegment Split - GEDmatch's Latest Tier 1 Tool
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GEDmatch Autosegment Split

»Tier 1 tool Input kit and other parameters

Sz Tier 1 Tools Insert kit number
v Project Eurogenes o *
One-To-Many - Full Version Calculator urogenes K13 3 Eurogenes Admixture
One-To- Man)’ - C|aSSi C Max number of closest matches to consider: 250 kits v Se le Ct Oth e r
Version .
Upper Total Match Threshold: 500 cM v d e p e n d I n g O n
Q-Matching One-To-One ethnicity

Segment Search

H Minimum Segment Size Threshold: 10cM v
Phasing

- - Triangulation Overlap: -
Triangulation Tem
AU t OSEgm e nt SNP count minimum threshold to be considered a matching

segment.
Leave blank for default to vary dynamically between 200-400
AutoSegment Split

Prevent Hard Breaks (default is to create hard breaks when
distance between SNP's exceeds 500,000 base positions)

Remove Segments in Known Pile-Up Regions

Partitions your DNA segments into parental sides AND provides admixture results for each
segment on every chromosome. allows users to understand the genetic contributions from
different ancestral populations across distinct regions of their genome, revealing how diverse

ancestries are distributed along their chromosomes.
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AutoSegment Split - Results

Results for cluster on Chr 5

Chr Start Stop Segment representation SN... Ad... Match _ If yO u kn ow h owre late d tO someone | n
5 s2978722 82127629 _INNRNNANIARRNRNRRNNRNHARNARNHENINHD . 4130 1828 Bl the cluster can assign whether
5 53068791 82127629 __ININNNENENERNERERNENNNRNEENIEIIIIE.,. 4122 1824 x paternal or maternal side
5 75226673 82955163 [1]]]1]]] Py 223 George|  f One side
5 74817394 82886028 . 4 226 Sean 1
5 75302307 82372665 ([ 1]1]]] Iy 514  Teena..,..
5 55444040 78150147 |ANNARNNNNNRRNNRNNRRNNRNNID . s30s1 1371 Marc T ] ]
_ Opposite side
5 s4324622 78106062 ___|NNNNRRRANNRNNNRRRNNENINNNNNE . 4796 1478 Him

Admixture r using Eur K13 and 13 populations =

W West_Asian North_Atlantic [l Baltic Red_Sea [MWest_Med W Amerindian East_Med [l Northeast_African Sub-Saharan [l Oceanian

Admixture analysis
Shows different

ancestral populations.
M East_Med [l Mortheast African

AT98728_5 60.5

BS2700711_5
@
s
§ EB1608201_5
H
MB90263_5
A866216_6

B West_Asian Morth_Atlantic

T794781_6

M Baltic Red_Sea
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AutoSegment Split - GEDmatch's Latest Tier 1 Tool

Options and Considerations

* Admixture file to use

* Overlap segment threshold 5 cM best

* Number of matches to analyze top 100 to 150

* Endogamy may not work as often related from both sides

Link to presentation by Evert-Jan Blom: AutoSegment Split - GEDmatch's Latest Tier 1 Tool
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Whole Genome Sequencing

“Generations” of DNA sequencing a3

GEN 2 Array SBX (Clonal - Stepwise)
aka Next Generation Sequencing

>90% of sequencing market

\ ST

RUG - Nov 2025 - Ullrich

18t Generation Scale:
96 DNA clones per run

2"d Generation Scale:
multiplex runs

3rd Generation Scale:
single DNA molecule
reads, longer length
reads



Evolution of DNA Sequencing

Short Read Murni Long Read
g 500 '.'
- ' Nanopore
& 100 '
5 : 8
8 5 lon Torrent g $
a . 4
g 10 o’ N

. o” 1)
8 5 Pyrosequencing ‘,.' K
a Sanger ® § .
1 . _§ e” PacBio
0.5 §--"'-.---

1975 1980 1985 1990 1995 2000 2005 2010 2015

Years
<+ Ll L Eu— s
First Second Third
generation generation generation

Pyrosequencing:
https://geneticeducation.co.in/pyrosequencing-

principle-process-advantages-and-

limitations/#Limitations

Next-Generation Sequencing Technology, 2023. https://www.mdpi.com/2386720
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Cost of Genome per year vs. Moore’s Law

Cost per Human Genome

Moore’s Law number of
transistors in an

Moore’s Law integrated circuit (I1C)
doubles about every two
years.

2024
Ultima
‘ Genomics
| NovaSeq 1
*

1 2022 $80

Solex GA: 108 sequences and NovaSeq: 20 x 10° reads, 6Tb of data similtaneously

NIH Gemoe Research Institute info: https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data
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What is DNA Coverage?

* Coverage refers to how many time the genome was sequenced. Average number
of reads that align to a known reference at a particular location within the target
transcript or genome

* Best 30X to 50X for human WGS (for Illumina sequencer)

 Some NGS requires more coverage or over-sequencing to overcome low capture
rates of duplex molecules mandating a reliance on multiple supporting
fragments for a variant to be confidently called as a mutation (i.e., multiple
independent sequencing of the genome). Error rate 102 and 103

* ppmSeq™ (new MyHeritage WGS) allows very low coverage to get reliable data
because it has accuracy of one part-per-million or better for calling SNVs (SNPs)
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WGS - NGS Coverage

MULTIPLE COPIES OF A GENOME Coverage is an average number for the total
genome
IQR=6
2 100000+ ‘ ‘
% 80000 -
¢ g 60000 -
READS 4 ? 2 5 o0,
I
aasssss J(EEeslEe  oEE———— g |
e T ||
I . G I Y [— -lll L1 Ilu ..... ,
o | 0 5 10 15 20 25 30 35
o H o : Mapped Read Depth
Hiah C F General equationis:C=LN/G
'gh f-overage ow-overage C stands for coverage
\I, G is the haploid genome length
L is the read length
CONSENSUS SEQUENCE N is the number of reads

Coverage: www.illumina.com/

https://irepertoire.com/ngs-considerations-coverage-read-length-multiplexing/
https://support.illumina.com/downloads/sequencing_coverage_calculator.html
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MyHeritage DNA test Upgrades to Whole-genome Sequencing
(WGS)

* Sequencingis being done in the Gene by Gene laboratories using technology powered by
Ultima Genomics.

» Cost down to $80/genome = to chip technology.

* Low-coverage 2x sequencing. Coverage refers to the number of times a base is read by the
sequencing machine.

* Clinical-grade sequencing, where the goal is to detect rare variants, is normally done at 30 x
or higher. FamilyTreeDNA's BigY test has a read-depth of 70 x.

* “Paired Plus-Minus Sequencing”, aka ppmSeq, and approach that takes advantage of the
system’s clonal amplification chemistry to identify and exclude sequencing errors due to
DNA damage. With ppmSeq, sequencing errors are reduced to one part per million or better.

“You can buy the kit now, but only those arriving at the lab in Jan 2026 will be warranted to have
WGS." If you order a kit, | would therefore recommend delaying its return to ensure you get the
WGS test.

Results downloaded as: Compressed Reference-oriented Alignment Map (CRAM)

Blog: https://cruwys.blogspot.com/2025/10/myheritage-upgrades-its-consumer-dna.html
CRAM file tutorial: https://www.youtube.com/watch?v=mMr26JG6SCI
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DNA consists of 4 Nucelotide Bases: A, T,C, G
Sequence conveys genetic information

Bases A:T and G:C are paired in DNA

3
A . - 5 p DNA Structure forms
Complimentary | /// a double helix
' @’ /7 in an anti-parallel
orientation

Ribo sugar backbone

| ll
Polymer —» 5 2 , 3 / | //- 3’

L T A C A T T C - ’
sy S
S N e O e s
ST 157 FIY7 PO,
?:::::::::.".."”‘ . ' @ @ ' .‘ @ ‘ @
"2 NNN‘:‘_’" """"" “ w w ____________ !_
It O AT G T A A
3’ end Send g < = 5’ Mismatches
DNA structure

- - hydrogen bonds
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Chip based vs Whole Genome Sequencing (WGS
with Next Generation Sequencing (NGS)

Amplification-free library preparation
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True positive False positive 3
variants

Uniform A or T sequences in adapter position confirm
Watson or Crick strand is sequenced

Duplex Sequencing filters out false variants showing up

8 dsDNA reads in one but not the other strand of the original dsDNA
90'4: fragment, and gives further confidence of variants
) 03 single-strand dropout single-strand dropout . . ..
g Oz~ showing up in both strands of the original fragment.
gz; I R | I ) I 5’CTGCAGT (+ strand), 3’ACTGCAG (-strand) doi:
S o 025 050 075 1.00 https://doi.org/10.1101/2020.09.09.289322

A:(A+T) sequencing ratio

PPM Sequencing: https://www.biorxiv.org/content/10.1101/2025.08.11.669689v1

Ultima Genomics: https://www.biorxiv.org/content/10.1101/2022.05.29.493900v1.full
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Ultima Genomics Sequencing

Silicon Disk

DNA fragments
attached one per
bead, amplified then
electrostatically
bound to a silicon disk

High-speed cameras capture the DNA being synthesized in "real-time.“ 10 to 20 x 10° reads per wafer over 20 hrs.
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A novel spin on SBS sequencing chemistry = &
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Datafile: CRAM File Format

Results downloaded: Compressed Reference-oriented Alignment Map (CRAM),
encrypted file for security.

Humans are ~99% identical to the human genome reference sequence
the file only stores where we differ from the reference sequence.

A whole human genome CRAM file is typically less than 1 GB, often ranging
from 150 MB to 1 GB, though the size depends on the specific sequencing
technology, coverage depth, and software used for compression. In contrast to
FASTQ files, which contain the raw sequence reads, are much larger than CRAM
files, sometimes reaching 100’s of GB for a whole genome.

Note you don’t have to download the file

YouTube video from founder of Ultima Genomics: https://www.youtube.com/watch?v=npOfuo3|L4|
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