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Overview
• Deep dive into Y-DNA NextGen SNP genetic genealogy 

tests like Big Y-700 and YSeq WGS  
– From Biology
– to Data 
– to the Phylogenetic Tree 
– to Geographic Interpretation  

• Topics Include: 
– Explanation of raw read alignment to the genome which 

produces your SNP results 
– Understanding your terminal SNP and why it changes
– How to use Novel Variants / Unnamed Variants to extend the 

phylogenetic tree for your family 
– Tips on getting the most info and avoiding bugs in current tools

using real world examples
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Topics
• Part I – SNP Detection

– Biology & Sequencing
– Alignment of Reads
– Types of Files
– BAM Viewing

• Part II – Trees and Interpreting SNPs
– Nomenclature of SNPs in Y-DNA Genetic Genealogy
– Phylogenetic Tree
– Y-DNA Tree Backbone
– Coincident mutations on same branch
– Terminal SNP
– Novel Variants / de Novo Mutations
– Geography & Ethnic Attributions
– Connecting Paper & Genetic Genealogy

• Part III - Tips
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Objective

• Have a deeper understanding of how 
NextGen Y-DNA results are produced.

• Learn about the existence of visual tools 
for reviewing Y-DNA SNP results.

• Understand the concepts of Terminal SNP 
and Phylogenetic tree as they are 
developed from biology to data.
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Topic Sections

Introduction
Part I    SNP Detection
Part II   Trees and Interpreting SNPs
Part III  Tips
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Introduction

• Intended Audience
• Speaker Background
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Intended Audience

• Those using NextGen DNA Y-DNA tests of 
millions of base pairs.
– Y-DNA Project Administrators
– Y-DNA aficionados and independent 

researchers 
• Those trying to find new mutations / branches

– Genetic genealogists & test takers
• Who want to get deeper understanding
• Greater visualization of their DNA results

– DNA Software & Tool builders
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Next-Gen Genetic Genealogy Labs

• Here we use Next-Gen Y-DNA sequencing 
products available from these commercial 
laboratories:

– Family Tree DNA (Y) 
– YSeq (Y or whole genome)
– Full Genomes Corp (Y or whole genome)
– 23mofang (Y)
– Nebula Genomics (whole genome)
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Presentation Not Intended For

• Adoption Solving
• Criminal or Missing Persons Investigations
• DNA tests involving less than 2 million 

base pairs:
– Ancestry
– 23andMe
– Living DNA
– MyHeritage

Image illustrating 30x coverage versus microarray technology adapted from video by 
Nebula Genomics https://nebula.org/whole-genome-sequencing-dna-test/
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Topic Sections

Introduction
Part I    SNP Detection
Part II   Trees and Interpreting SNPs
Part III  Tips
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Part I – SNP Detection
• Biology
• Human Reference Sequence
• NextGen Sequencing
• Alignment of Reads (aka Mapping Reads)
• Types of Files
• BAM Viewing
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Tree Branches are not usually 
Consecutive Generations

• Bear in mind the tree is not every mutation 
observed.
– Just an assembly of those mutations which 

we have found which clearly distinguish 
groups of human beings.

• There are hundreds of thousands of 
mutations observed, but only a fraction of 
those have been found useful for tree 
branching.
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Phylogenetic Classification Exercise 
with SNP-like binary markers

+00+Person 03

Person 04

Person 02

Person 01

Participant

000+

00++

0+++

Marker 04Marker 03Marker 02Marker 01

Here “+” means the participant is Positive for the SNP marker in question. “0” means negative result.
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Marker Phylogeny Solution

Marker 01

Marker 02

Marker 03

Marker 04

Person 01

Person 02 Person 03

Person 04
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Terminal SNP

• The term Terminal SNP refers to the 
deepest SNP marker on the Phylogenetic 
Tree that an individual has tested 
positively for.
– As of 10/19/2022 Genetic Homeland Y-DNA  

phylogenetic tree has 31,920 distinct Terminal 
SNPs
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Extending Exercise with More Markers 
so that Everyone has Distinct Markers

Marker 01

Marker 02

Marker 03 Marker 04

Person 01 Person 03

Marker 05

Person 02

Marker 06

Marker 07

Person 04

Big Y is going to find 
these additional 
markers that are 
unique to this family!
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Y Phylogenetic Tree - 2002

• Diagram fit on one 
page!

• 18 Haplogroup letter 
designations

• My tree level from 
Homo Erectus would 
have been 10 steps.
– R1b1c7 labeling

Image taken from Figure 1 from Michael F Hammer et al (2002) as The Y Chromosome Consortium in “A 
Nomenclature System for the Tree of Human Y-Chromosomal Binary Haplogroups” in Genome Research 12:339-348 
www.genome.org
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Y Phylogenetic Tree 2022

• Genetic Homeland Y-DNA phylogenetic 
tree as of 10/19/2022
– 70,425 branches on entire Y-DNA tree
– 2,352,323 SNP marker names (labels)

• e.g. ‘R-M269’
• 2,029,101 mutation events

– Growing at a rate of roughly 750 new 
branches and 15,000 new SNPs per month!
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Figures from Genetic Homeland DNA Ancestral Pedigree Tree as comparing 23 Feb 2019 with 5 Apr 2022.

Histogram of Y-SNP Phylogenetic Branch Count by Haplogroup

71 93 104 40
1,203

1 492 58

3,022
2,281

12 98 9
796

205 5 328

9,482

9 275255 256 776
192

4,754

38

1,990

355 21 479 31

2,461 2,384

24
1,043

27,500

59
850

9,164 9,293

-

5,000

10,000

15,000

20,000

25,000

30,000

A B C D E F G H I J K L M N O P Q R S T

Y-DNA Haplogroup

N
um

be
r o

f P
hy

lo
ge

ne
tic

 B
ra

nc
he

s 
D

is
co

ve
re

d

2019 2022



Updated: 25 Oct 2022 Intermediate and Advanced Y-DNA Topics by Brad Larkin Slide 20

Current Haplogroup Figures
• Count of phylogenetic tree branches and SNP markers by major 

ISOGG haplogroups in Genetic Homeland database.
– https://www.genetichomeland.com/welcome/haplogroupcount.asp
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Y-DNA Tree 
Backbone

• 46 backbone 
branches under 
YAdam

• 23 Major Letter 
Haplogroups
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Phylogenetic Tree for BY21680 in 2022
• Phylogenetic 

tree from 
HomoErectus to 
BY21680 
using Genetic 
Homeland 
Ancestral DNA 
Marker 
Pedigree tool

• In 2008 it was 
43 branches.

• As of 
10/19/2022 it is 
56 branches.

– That is 13 
levels deeper 
in 14 years.
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Giant Tree of Mankind

• “Tapestry of individual lineages”

Image & quotation from Tiger Walsh 2019, R1b All Subclades DNA Project at FTDNA, 
https://www.familytreedna.com/groups/r-1b/about/background
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Discovery Time vs Ancestral Time
• Branch Level 40 ~ about 

2200 years of ancestral 
time.

• M222 marker was only 
discovered in 2006 
– (16 years ago)

• A738 / BY198 discovered 
2014
– then only 2 examples
– today there are 77

• BY21680 correctly 
located in tree in 2018
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Coincident Mutations

• Groups of mutations which always 
coincide together!
– SNP mutations that are always found or not-

found in all samples so far tested.
– Useful in phylogeny because when we find 

one of the markers, we can usually make a 
branch assignment of that individual sample.
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Coincidents on YFull Tree

• Up to three 
displayed on 
branch page.
– BY5267 and 

Y18358/BY5316
– When more than 

three identified, 
mouseover the 
“+5 SNPs” item.

• Y18676, BY153285
are shown in this 
example

Note also that 
phylogenetically: 

YFull lists A7136 as 
coincident with 

A7135
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Coincidents on FTDNA Y-DNA Haplotree

• Navigate to your 
SNP branch node.
– e.g. E-A7136

• Change View by to 
Variants

• Two rows display 
immediately as well 
as a numeric count 
of the total number of 
markers on this 
branch..
– Click on the numeral 

to see the full list in a 
pop-up box.

Note also that FTDNA recognizes A7136 
phylogenetically as a descendant branch of  A7135.
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What Causes Coincident Y Mutations?

• Biological
– One ancestral individual got two or more SNPs from 

his or her parent.
– Accumulation of mutations across many generations 

in our ancestral lineage combined with population 
bottlenecks.

• Most common reason for coincident mutations in our deep 
ancestral branches – tens of thousands of years ago.

– Palindromes, large DNA segment shifts or repeats
• Limited Sampling

– Have not tested enough of those descendants to see 
the branching.

• Most common reason for coincident mutations in our most 
recent branches.
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Coincident Mutations

• Coincident mutations can also be very 
helpful in cases where a ‘back-mutation’ of 
one base pair to the ancestral condition 
occurs.

• From a tree-building perspective, 
coincident mutations on are like star dust 
from which the next branches will be born.
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Terminal SNP

• In this 
pedigree, at 
this moment, 
it is 
BY21680
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Terminal SNP Recap

• Means the deepest SNP marker on the 
Phylogenetic Tree that an individual has 
been tested for.

• Phrase gets used a lot and can be 
confusing as it can change:
– When we take a new Y-DNA test
– When results from existing tests get re-

evaluated thanks to expansion of the 
Phylogenetic Tree.
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What is your Terminal SNP

• I think of it as the most unique SNP 
marker that is visible at a moment in time.
– Your DNA is not changing. But the parts that 

we can see is changing.
• What we ‘see’ changes when

– You get an upgrade or laboratory expansion of to test 
more base pairs on the Y-chromosome

– More persons provide samples to test at all the same 
positions that you have tested

– The phylogenetic tree expands around you when 
laboratories and researchers derive the sequence of 
mutations amongst related individuals
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Big Y SNP Matching

• Matches Based 
on your Terminal 
SNP in 
Phylogenetic Tree
– Located on 

same Branch1

– No False Matches
– Independent of 

Surname

1As of Jan 30, 2019 FTDNA classifies Big Y matches based on ”30 or fewer differences in SNPs with you, and their 
haplogroup is downstream from your haplogroup or downstream from your four closest parent haplogroups”
https://www.familytreedna.com/learn/y-dna-testing/big-y/big-y/
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Novel Variants

• NOVEL VARIANTS ARE YOUR UNIQUE 
ANCESTRAL MARKERS!
– aka Unnamed Variants
– These are your DISCOVERIES

• Celebrate them
– As the global phylogenetic tree grows over time, 

these variants will become named SNPs.
• Many of those SNPs will become phylogenetic tree branches 

– YOUR TREE BRANCHES
• In your results, the number of unnamed variants should 

shrink over time as they receive SNP names
– e.g. 78 novel variants in 2014 -> 0 unnamed variants in 2019
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Search for SNPs by 
Range of Positions

• Use a tool which can be queried for a list of 
SNPs within a range of chromosome positions. 
You might be able to identify SNP Names 
proximate to your Private Variant.
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YBrowse Range Example

• Viewing a 
range of Y 
chromosome 
positions 
using 
YBrowse 
tool.
Zoom out to 

~ 50 bp
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Genetic Homeland Range Example

• By trial & error, 
found that 
Z19072 would 
work on FTDNA 
Chromosome 
Browser
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Scroll From Named Marker to 
Position of Interest

• Once you’ve found a recognized, named SNP, 
try scrolling the FTDNA Chromosome 
Browser to see if there were reads at this 
position.
– Position of Z19072 = 12237057
– Position of Novel Variant: 12237023
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Download Raw Data BAM File

• If these workarounds and limitations did 
not whet your appetite, best thing is to pay 
the money to get your raw BAM file from 
FTDNA for a fee.
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Kinship – Comparing Terminal SNPs

• With millions of markers 
tested and the 
phylogenetic tree 
emerging, we can now 
make clear distinctions 
on where the ancestry of 
two individuals diverged
thanks to Big Y.
– FTDNA Block Tree
– Genetic Homeland 

Pedigree Comparison
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Geography & Ethnic Attributions

• Proof that I am Antartican!

• THE MARKER
– that tells me I have been right all along ….
– matches what my grandmother told me ….
– shows that I am royalty ….
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Be Cautious and Open Minded

• Geographical & Ethnic Attribution
– Humans always mixing and traveling.
– For every marker where we conclude marker XYZ 

originated in geography ABC, there are exceptions.
– But where we see a lot of geographical continuity in a 

lineage which is well-sampled, it does suggest a 
geographical and cultural heritage.

• But usually at much higher resolution than the researcher 
has tested.
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Viking Study
Margaryan (2020) study 
of viking graves.
– n = 297 samples 

with Y-DNA haplogroups
– I1 was most common 32%.
– R1b also common, 29%.
– Also 8 haplogroups found 

at low frequency today
=> Viking was an 
occupation as much as 
an ethnicity.

Image by author using data from Margaryan et al, Population genomes of the Viking world, Nature vol 585, 2020

Y-DNA Haplogroup Counts in Viking Graves
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Low Resolution Fallacies

• STR and early SNP findings are low resolution 
Y-DNA resolution.

• Ethnic attributions to these markers like 
R-M269, M223, L21, etc occurred in Neolithic 
and bronze ages. 
– Are meaningful only at the continental level.
– Genetics attributed to historical events and 

populations is vastly over-simplified.
• Avoid making a mountain of conclusion from a 

mole-hill of SNP data.
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Y-SNP Samples by Haplogroup

Chart copyright © 2022 Brad Larkin, based on FTDNA Y-DNA Haplotree information for terminal SNPs as of 5 April 2022.
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Y-DNA World Map - Pre-Colonial

Image by Chakazul (2013) on Wikipedia, World Map of Y-DNA Haplogroups
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Y-DNA World Map - Today

Image by Costa (2017) on genetics – Haplogroups message board on TheAPricity.com
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Sampling Penetration by Country

• Number of Matches can only be function of how 
many other persons from your group have 
already been tested with results in the same 
database.
– Count samples by the country which is attributed 

by participants 
to be the origin 
of their earliest 
known paternal 
ancestor.
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Figures from Genetic Homeland DNA Ancestral Pedigree Tree as of 23 Feb 2019.

Histogram of Y-SNP Phylogenetic Branch Count by Haplogroup
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Most Densely Sampled Countries - Y-SNP with Attribution (FTDNA)
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Chart copyright © 2019 Brad Larkin, based on FTDNA Y-DNA Haplotree information for Country attribution of earliest 
known paternal ancestor on kits which have Y-SNPs tested as of 17 Jan 2019, minimum population of 1 million. 

Population data from United Nations 2017 World Population Prospects on Wikipedia
https://en.wikipedia.org/w/index.php?oldid=879939654
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How Complete is the Y 
Phylogenetic Tree?

• Getting very complete for Haplogroup 
R1b.

• Y-SNP sample coverage over 400 
samples per million from British Isle 
lineages

• Still very low coverage in Asia and Africa
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Exercise – Estimating Ethnicity 
using Phylogenetic Tree

• Look at YFull tree 
for 
I-Y5362.
– Has two 

examples
– One from China.
– One from France.

• If you did not have a preconceived notion and this was 
your terminal Y-DNA SNP, are you most likely to be 
Chinese or French?



Updated: 25 Oct 2022 Intermediate and Advanced Y-DNA Topics by Brad Larkin Slide 53

Estimating Ethnicity: Phylogenetic Context

• Look at ancestral, 
sibling, and 
descendant 
branches if available.
– Ancestral: I-Y4884 

and I-S238971

• Samples with national 
attribution are all 
European.

1YFull Haplogroup YTree v10.02.00 (06 April 2022)
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Estimating Ethnicity: Descendants

• Descendant 
branches:
– Again, all European, 

no East Asian 
examples.

• Conclusion
– I-Y5362 likely 

indicates a European 
origin with a recent 
introduction to Asia.
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Estimating Ethnicity: Multiple Tools

• FTDNA Tree has Country Report1 which 
gives a nice tally of national attribution for 
marker and descendants.

1See FTDNA Public Y-DNA Haplotree Overview for instructions and more info.
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When – Mutation Age

• I am much more interested in getting the 
sequence of mutations 
– Getting the pedigree markers in the right 

order.
• This we can do by collecting facts (sampling)

– Most chronological age estimating is based 
on modeling and assumptions.

• Worthwhile, but not my particular interest at this 
point in the journey.
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Review

• The Phylogenetic Tree
– Tells us who our paternal ancestors were.
– Let’s us compare our result to another person based 

on terminal SNPs.
• NextGen Y-DNA test gives you thousands of 

SNP results
– Many SNPs will already be on the phylogenetic tree
– Some will be added in future as your paternal kin 

become better sampled
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Connecting Paper & 
Genetic Genealogy

• Usually requires numerous DNA Project 
participants who have all had NextGen 
tests.

• Deep paper pedigree for at least some of 
the DNA test takers.
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Flipping the Surname 
Identification Paradigm

• Rather than thinking about, “I have 
surname [xxxx] and that must be my 
paternal ancestry”

• Instead, consider thinking about, “I have 
SNP markers [A], [B], [C], [D] and so those 
DEFINE my paternal lineages.
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Most Frequently Asked Question

• Give me contact info / help tracing my 
genealogy with Y-DNA matches.
– 22% of inquiries
– Privacy regulations prevent revealing information not 

already provided by the testing laboratory.
– Best answer: 

1. Get most complete Y chromosome test for yourself
2. Recruit samples from others from geography / surnames 

most likely to be informative to your interest
– e.g. Ancestral Parish Sampling presentation
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Big Y all your Paternal Lineages

Y Line 3 

Y Line 4

Y Line 1

Y Line 2
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Low Resolution Fallacies

• STR and early SNP findings are low 
resolution Y-DNA results.

• Ethnic attributions to these markers like 
R-M269, M223, L21, etc occurred in 
Neolithic and Bronze ages. 
– Are meaningful only at the continental level.
– Genetics attributed to historical events and 

populations is vastly over-simplified.
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Discovery Time vs Ancestral Time
• Branch Level 40 ~ about 

2200 years of ancestral 
time.

• M222 marker was only 
discovered in 2006 
– (16 years ago)

• A738 / BY198 discovered 
2014
– then only 2 examples
– There are 82 as of 

10/25/2022
• BY21680 correctly 

located in tree in 2018
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Royal Descent

• Celebrities & Royals not fond of revealing 
detailed results, but some are known.1

• Myths in family genealogy not uncommon
• Low resolution markers useful for disproving a 

relationship, but cannot prove one.
– Low resolution markers like R-M269 are shared by 

hundreds of millions of people.
• High resolution SNP marker matches needed.

1Y-DNA of the British Monarchy by Bradley T Larkin 2013
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Surname-Related 
Research Questions

• Y-DNA focused, surname-related research questions 
can include:
– Classifying worldwide linkages in diaspora populations

• All Larkin’s living today in Shannon River Valley in Ireland
• Ashkenazi descendants of a particular 18th century Eastern 

European Rabbi
– Connecting American families with common surnames to 

colonial roots
• Relationship of all Reynolds families living in Texas in 1860.

– Connecting genealogical lineages for surnames which have 
highly-variable spelling

• All Robinson / Robertson / Roberson families living in Charleston 
South Carolina area today.

– Y-DNA can go to much higher resolution than surname spelling.
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Topic Sections

Introduction
Part I    SNP Detection
Part II   Trees and Interpreting SNPs
Part III  Tips
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Part III - Tips

• Unreliable Mapping
• InDel versus sliding point mutation
• Faux Mutations relating to hg38 Reference 

Sequence
• Palindromic regions
• X-Y crossover / recombination
• Comprehensive cross-reference of SNPs
• Relative Strengths of Various Published 

Phylogenetic Trees
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InDel versus sliding point mutation

• Watch out for a deletion that 
has also been labeled 
separately as a point 
mutation.
– phylogenetic equivalent 

mutations
• Only 1 piece of biology 

happened, a single deletion.
– Different labs software (and 

same lab using different 
technology) might enumerate 
this biology as:

• T -> deletion at posn 3
• T->C mutation at posn 3

– If we think of the result as 
‘sliding’ the succeeding 
sequence to the left.

• C->G mutation at posn 4

?GGCGAResul
t

GGCdelGABiolo
gy

GGCTGARef

654321Positi
on
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Faux Mutations relating to hg38 
Reference Sequence

• Happens where mutation occurred ancestrally in one of 
samples used to compose the hg38 reference.
– Typically a position which had a mutation in haplogroup R1b

• e.g. L20
• All samples outside of this lineage (R1b) should actually 

be expected to have the derived allele in hg38.
– e.g. MF181966  hg38:6154452-A-del

• Is really a faux mutation for what was actually an INSERTION that 
occurred anciently in haplogroup R1. 

• Most common for newer laboratories that are relying 
entirely on human reference sequence.
– And even more if they are using an older reference sequence.
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Other Markers at this Position
• MF181966, described as a 

deletion at hg38:6154452

• But see ACT2970 – an 
insertion in haplogroup R1b.

• So the human reference 
sequence is carrying an 
[A insertion] at this position.

– Which we now recognize 
happened in haplogroup 
R1 ancestor to the person 
whose DNA was used to 
construct the human 
genome reference.

==> When working outside of haplogroup R1b, use a position-searchable tool to look for other markers 
listed at this location:

• Genetic Homeland DNA Marker Index https://www.genetichomeland.com/dnamarkerindex

• ISOGG YBrowse http://ybrowse.org/gb2/gbrowse/chrY/?name=chrY%3A6154451..6154453
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Confirming with BAM viewer

• Using a group of high 
coverage samples from 
SGDP project.
– A set of samples 

covering many Y 
haplogroups.

• Looks like a deletion in 
almost every case.

• Except: The R1a 
sample has the A
allele.
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Palindromic Regions & Duplications

• Palindrome
– Same forward as reverse1

• RADAR
• Madam, I’m Adam

• DNA palindromic sequences tend to 
chemically attach to themselves in a loop.
– Loops can cause large insertions, deletions, 

and shifts in chromosome position as well as 
duplicate sequences.

– Creating palindromic arms

1
Thomas Krahn, Matching Multicopy Y-STR Markers in Closely Related Individuals presentation at FTDNA 3rd International Conference on Genetic Genealogy 2006
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NextGen Sequencing & Palindromes

• Palindromic arms more problematic in the 
STR-era of genetic genealogy.

• Because NextGen sequencing ‘cuts up’
the strands into small pieces and matches 
to a reference sequence
– The biological position on the palindromic arm 

is irrelevant.
• May become a bigger challenge with 

longer read length sequencing coming.
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X-Y crossover / recombination

• pseudoautosomal regions PAR1 and PAR2 are 
portions of the Y chromosome which undergo 
recombination with the X chromosome
– PAR1 spans hg38 Y position          10,001 to  2,781,479
– PAR2 spans hg38 Y position   56,887,903 to 57,217,415

• Some researchers believe they should not be 
relied upon for patrilineal ancestry markers.

• Other labs are reporting & using mutations within 
PAR1 & PAR2 in their trees.
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MSY Complexity

Image adapted from Figure 1 from Skaletsky et al (2003), The male-specific region of the Y chromosome is a 
mosaic of discreet sequence classes, Nature, Vol 423, https://doi.org/10.1038/nature01722
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Y Chromosome Structure
• Imagine the curled Y-chromosome stretched out like one spaghetti 

noodle.
• In DNA sequencing paradigm, scientists assign a ‘position’ to each 

nucleotide chemical base. 
– From 1 to about 58 million base pairs
– Large portions are repeating, un-useful segments (grayed out in diagram)

Image adapted from Thomas Krahn, Walk On Y Project presentation at FTDNA 
4th International Conference on Genetic Genealogy 2007.
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Relative Strengths of Various 
Published Phylogenetic Trees

• FTDNA
– Has the most Y samples with SNP testing and growing.

• New SNPs every week.
– Public Haplotree has best public linkage of surname, country, and Y-DNA tree branches.

• About 60,000 branches
– Customer base skewed towards U.S., Western Europe, and Middle East. 

• Best in R1b, I, J, E1b.
– Low resolution, legacy data: many customers only have STR results with minimal SNPs

• YFull
– Not a lab but rather a results analysis service.
– Has oldest well-maintained public tree.

• About 28,000 branches
• Superior collection of R1a and Asia samples.
• Incorporates a time origin estimate at each branch.

• ISOGG
– Used by scientific / academic community
– Tools and tree have not kept pace, last full update was 2018

• About 9,700 branches
• YSeq

– Has internal tree where product packages developed with independent researchers. 
• So it can be the best in niches. Uses YFull tree in many cases.

• 23mofang
– Largest East Asian laboratory with many more samples in haplogroups O, C, Q.
– Not easy to navigate as site is not published in English

• About 26,000 branches
• GeneticHomeland.com

• About 70,400 branches



Updated: 25 Oct 2022 Intermediate and Advanced Y-DNA Topics by Brad Larkin Slide 78

Y Phylogenetic Tree Branch Count
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Need for a comprehensive cross-
reference of SNPs

• DNA Marker Index on 
GeneticHomeland.com

• dbSNP
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GeneticHomeland.com 
DNA Features

– Cross references SNP label names across all labs along 
chromosome positions.

• Largest SNP name cross reference.
– Over 2.4 million labels as of 10/19/2022.

– Integrates lab trees as well as scientific research papers. 
• Has the most branches. 

– 70,425 Y-DNA tree branches as of 10/19/2022.
– Intended for individual pedigree and head-to-head comparison 

for divergence of two markers.  
• Not designed to be ‘bushy’ tree display.
• Generally does not have specific samples for each branch.

– Mapping of geographies for all descendant branches for a given 
terminal SNP.

• Includes Ancient Y-DNA dataset of over 4,800 records.
• Can compare geographic distribution of up to 

three different SNPs at same time.
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Recap

Part I    SNP Detection
Part II   Trees and Interpreting SNPs
Part III  Tips
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Topics
• Part I – SNP Detection

– Biology & Sequencing
– Alignment of Reads
– Types of Files
– BAM Viewing

• Part II – Trees and Interpreting SNPs
– Nomenclature of SNPs in Y-DNA Genetic Genealogy
– Phylogenetic Tree
– Y-DNA Tree Backbone
– Coincident mutations on same branch
– Terminal SNP
– Novel Variants / de Novo Mutations
– Geography & Ethnic Attributions
– Connecting Paper & Genetic Genealogy

• Part III - Tips
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Sequencers & Read Lengths
• 150 base pair read length

– Illumina HiSeq
– Illumina NextSeq

• 250 base pairs 
– Illumina NovoSeq

• 300 base pairs
– Illumina MiSeq v3

• 400 base pairs
– Ion Torrent PGM 314 Chip
– Roche GS Junior 1 PTP

• 4,500 base pairs 
– PacBio RS II using SMRT Cell

• 6,000 base pairs
– Oxford Nanopore GridION

• Increasing the sequencing read length is 
probably the biggest change coming in 
next 5 years of Y-DNA genetic genealogy.

Sequencer data from https://genohub.com/ngs-instrument-guide/.
PacBio RS II

Illumina comparison of NextSeq 1000 & 2000 with NovoSeq 6000 sequencers
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Future of Y Reference Sequences

• Haplogroup-specific, experimental reference sequences published 
in 2021 & 2022

– GenBank entry CP086569.1
• First released Telomere-To-Telomere (T2T)1 sequence of a complete Y chromosome

– 62,456,832 base pairs sequenced, published Nov 16, 2021
– Corrected by Thomas Krahn ,YSeq, Jan 14 2022

• Sample from 1000 Genomes Project participant NA243852

– Ashkenazi male, descendant of Y-DNA haplogroup J1-M267
• GenBank entry CP086569.2

» Improvements over version 1
» 62,460,029 base pairs sequenced, published Apr 04, 2022

– GenBank entry CM034974.1
• Sample from 1000 Genomes Project participant HG012433

– Puerto Rican male, descendant of Y-DNA haplogroup R1b-DF274

• Aligning longer read length sequencing onto haplogroup-specific reference 
sequences is probably biggest change coming in next 10 years of Y-DNA 
genetic genealogy.

1 Telomere-to-Telomere (T2T) Consortium, https://sites.google.com/ucsc.edu/t2tworkinggroup/ 
2 Nurk et al (2022) The complete sequence of a human genome. Science 2022 Apr;376(6588):44-53, doi:10.1126/science.abj6987
3 Zimin et al (2021) A reference-quality, fully annotated genome from a Puerto Rican individual, doi10.1101/2021.06.10.447952
4 YDNA-Warehouse, Telomere-to-Telomere Y Chromosome Experiments, https://ydna-warehouse.org/t2t-experiments
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Audience Questions?

Intermediate and Advanced Y-DNA Topics

Brad Larkin
Genealogical Forum of Oregon

Advanced DNA Special Interest Group 
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Questions For You

1. InDel: Using either of 
these two examples of 
DNA marker information 
for Z16279, is this 
mutation?
a. Insertion
b. Deletion
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Questions For You

2. In this example with L192, what do the 
decimal suffixes .1 and .2 indicate?
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Questions For You

3. In this example is Z39589, what do the 
two suffixes with underscore characters 
mean?
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Questions For You
4. In these phylogenetic tree examples, 

which of these markers is shown as 
coincident with M222?

a. Z2965
b. Z2963
c. A7362
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Questions For You

5. Using the illustration, which of these is a 
synonym for marker M222?

a. Z2965
b. FTC311
c. PAGES0084
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Questions For You

6. Which of the following could be reasons that the 
Y-DNA Terminal SNP reported by your lab could 
change:
a. Trick question – your Terminal SNP can never 

change once your sample has been completely 
processed and resulted at the laboratory.

b. You sent two different kits from the same participant 
to the same laboratory and results could vary by kit.

c. You upgraded from STR to Big Y-700 test.
d. New samples are collected from other descendants 

of your earliest known ancestor, creating new 
branches.


