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Introduction

• We will talk about: 
• Y chromosome:  Its size, its purpose, its genealogical significance
• Short Tandem Repeats (STRs):  what they are, how they come to be, their 

significance and how they are analyzed
• Single Nucleotide Polymorphisms (SNPs):  what they are, how they come to 

be, how they are analyzed, and how we use the information



Y Chromosome
• The Y chromosome (Y chr) is about 57 million base pairs (bp) in length, making it the 2nd

smallest chromosome.  The SRY gene determines if an embryo becomes male.
• Because the studied region (MSY or NRY) does not undergo recombination, it is passed 

down unchanged from father to son making it suitable for deep ancestry research.
• Y-DNA has been used discover potential distant matches.
• It is used in Surname research.  Surname Project Administrators use the information to 

group members if their projects into subgroups.
• It is also often used to find biological fathers of males.  Dr. Blaine Bettinger estimates 

roughly 30% of males who test their Y-DNA through the Adopted DNA Project at FTDNA 
are able to identify their likely biological surname through Y-DNA alone.

• Y-DNA has been used to investigate the purported skeletal remains of King Richard III 
(www.nature.com/ncomms/2014/141202/ncomms6631/full/ncomms6631.html).

• A limitation of Y-DNA is that it can tell if two men are paternally related, but it doesn’t 
tell you how they are related (i.e., father, brother, uncle, etc.)

http://www.nature.com/ncomms/2014/141202/ncomms6631/full/ncomms6631.html


Y DNA Pedigree Chart

Maternal inheritance line (mtDNA) in pink

Paternal Inheritance Line (Y DNA) in blue (note how few 3X GGF are included in the Y DNA investigation).



Y DNA Connections

Even though only one of your 3X GGPs has your Y DNA, there are often a lot of male descendants of your 3X GGF (in blue) 
that would be expected to have your Y DNA.  And the 3X GGFs (in gray) also have possible genealogical relevance to you as 
their male descendants would also be your cousins.



Y-DNA Back to Y-Adam

From The Family Tree Guide to DNA Testing and Genetic Genealogy by Dr. Blaine Bettinger.  Depicts the tracing of all Y-DNA in existence today 
ack to one man referred to as Y-Adam.  He was not the only male in existence at that time, however, all other lines of descent died out by not 
producing an unending string of males to the present time.  Dr. Gleeson’s video explains that it is estimated that 95% of all ancestral lines have 
become extinct.



Partial Coverage of Y Chromosome with Big Y-700

The Big Y-700 test only covers about 40% of the Y chromosome (40% breadth of coverage).  The inaccessible region (black) 
contains a lot of repetitive sequences.  The gray regions (PAR1 and PAR2) recombine with the X chromosome and therefore do 
not make these regions stable enough for paternal heritage information.  From FTDNA white paper on FTDNA blog site.



Representation of the “Readable” Y chromosome

From a paper entitled “The Y-chromosome Tree Bursts into Leaf: 13,000 High Confidence SNPs Covering the 
Majority of Known Clades” (numerous authors); Mol.Biol.Evol. 32(3):661-673. 



Definition of an STR
from the FTDNA Learning Center

• An STR is a short tandem repeat. This is a place in your DNA code 
where a letter sequence is repeated. For example, AGTAAGTAAGTA is 
three repeats of the sequence AGTA.  STRs have a fast mutation rate.  
Some STRs mutate faster than others.  When they change, it is an 
increase or decrease in the number of repeats.  STR values change 
back (back mutate) more common.

• An STR is not an STR is not an STR.  Some are more polymorphic 
(more alleles throughout the population) than others.  STRs also differ 
in mutation rates



Haplo…………..Type, Group or Tree

• Haplotype – A 111 marker STR test reveals the number of repeats at 111 
individual locations on the Y chromosome.  When these are all listed together, it 
is called a Y-STR haplotype.  Haplotypes can be used to predict the haplogroup 
fairly accurately, but they are conservative predictions (i.e. the predictions don’t 
go very far out on a limb…ha, ha)

• Haplogroup – Related haplotypes belong to the same genetic family which we call 
a haplogroup.  A haplogroup is a major branch on either the maternal or paternal 
tree of humankind. Haplogroups are further divided into subclades defined as 
originating with a SNP mutation.

• Haplotree – The tree of humankind (either maternal or paternal) displaying the 
relationship of all known haplogroups and subclades.



History of STR Testing
• First commercially available Y-DNA tests were in 2000.
• They were low resolution tests of 12 markers.  Then 25 markers were 

introduced, then 37 markers and lastly 67 then 111 markers.
• In order to unify the haplotree, the Y Chromosome Consortium (YCC) 

was formed in Feb. 2002.  At the time, there were 153 branches and 
245 variants on the haplotree.  As of May 11, there are now 37,044 
branches in the Y tree.



Example of an STR  (DYS391)

Result on Report
-TCTATCTATCTATCTATCTATCTA- {TCTA}6 6
-TCTATCTATCTATCTATCTATCTATCTA- {TCTA}7 7
-TCTATCTATCTATCTATCTATCTATCTATCTA- {TCTA}8 8

Alleles are one of two or more alternative forms of a gene that arise by mutation and are found at the same place on a 
chromosome.  The repeat values above (6, 7 and 8) are considered alleles.



DNA Polymerase Slippage Formation of STRs

STRs are less reliable for deep ancestry because of their ability to “back mutate” and create “convergence” situations which can be misleading in determining how 
long ago a common ancestor existed.  From a paper entitled “A Brief Review of Short Tandem Repeat Mutation” by Hao Fan & Jia-You Chu, Genomics, Proteomics, 
Bioinformatics 2007; 5(1): 7-14



Example of Convergence/Divergence From Maurice Gleeson’s presentation

Divergence is the expected result of time passage.  Convergence reverses that and obscures time passage.



How are STRs Named (FTDNA Learning Center)



There are at least 4 kinds of STRs

• DYS464 and DYS385 are examples of complex repeats used in genealogy, but today we’re going to focus 
on simple repeats for ease of comprehension.  

• Also, not all STRs mutate at the same rate.  There are known fast mutating STRs and slow mutating 
STRs.  Fast mutating STRs are better for matching in more recent times, while slow mutating STRs are 
better for deep ancestry.

• Simple repeats
• Compound repeats
• Complex repeats
• Complex Hypervariable repeats



Some Actual Y Chromosome STRs

This is a slide from a presentation by Dr. Maurice Gleeson that is available on YouTube entitled “How Y DNA Can Help Your 
One Name Study”.  I highly recommend that you watch it.



Distribution of STR Repeat # at Each Location

From Maurice Gleeson’s YouTube video Using y DNA to Research Your Surname.  Range of values & frequencies at  
https://yhrd.org/pages/resources/locus_information



Y STR Matches Report

I have 0 matches at the 111 STR level.  I have 25 matches at the 67 STR level, however, the closest has a Genetic Distance of
5.  I have redacted the first names, but you can see that none of my matches share my surname.



Time Predicter (TiP) Report

Note the Time Predicter calculation takes into account whether or not the differences between you and a match are on 
fast mutating STRs or slow mutating STRs.  The Genetic Distance (GD) determination does not take the mutation rate of 
the STR into account.  GD is simply the total  number of repeat differences.



Expected Relationship Match

From the FTDNA Learning Center



Connections with STRs

• According to Dr. Gleeson, if you have no differences at 111 markers, you have a 
50% chance of being a first cousin or closer.

• DYS393 has a slow mutation rate of 0.00076 or about 1 mutation every 1315 
transmission events.  DYS439 has a mutation rate of 0.00477 or about 1 mutation 
in every 210 transmission events.  It is likely that the common ancestor of two 
men who differ by only “fast” markers could be significantly more recent than 
two men who differ by only “slow” markers.  (Blaine Bettinger)



Statistics
• It is important to realize that the TiP feature is a statistical algorithm. 
• As such, it deals in probabilities not facts.
• There is no guarantee that a mutation will occur every so many years 

in any particular lineage.
• There could be several mutations within 4 generations and there 

could be no mutations within 500 years.
• If you flip a coin, there is a 50/50 chance of getting heads.  If the last 

100 flips were tails, it doesn’t mean that there is an increased 
likelihood of getting heads on the next flip.  The chance of getting 
heads on the next flip is still 50/50.



Genetic Distance
Panel 1 (1-12) DYS 

393
DYS 
390

DYS 
19

DYS 
391

DYS 
385

DYS 
426

DYS 
388

DYS 
439

DYS 
389I

DYS 
392

DYS 
389II

Genetic 
Distance

Me 13 25 14 10 11-14 12 12 11 13 13 29

Match 1 13 25 13 10 11-14 12 12 11 12 13 29 2

Panel 2 (13-25) DYS 
458

DYS 
459

DYS 
455

DYS 
454

DYS 
447

DYS 
437

DYS 
448

DYS 
449

DYS 464 Genetic Distance

Me 16 9-10 11 11 25 15 19 28 15-15-17-17

Match 1 16 9-10 13 11 25 15 19 28 15-15-17-17 2

In the first 12 STRs the match and I differ by 2 repeat units (one at DYS19 and one at DYS389I).  In the second 
panel (STRs 13 -25) the match and I differ by 2 repeat units as well (both at DYS455).  So, over the first 25 STRs, 
the match and I differ by 4 repeat units and therefore have a Genetic Distance of 4.  If I test the next 12 STRs 
(26 through 37, a 37-marker test) and have no more differences, this match will show up on my match list 
because the threshold for displaying matches at the 37-marker level is 4 differences.  If we have just 1 more 
difference, he won’t show.  The threshold at 111 markers is 10 differences.



Thresholds and matches

• Because of the thresholds used by FTDNA, it is possible for a Y STR 
match to show up for the 111-marker test when they did not show as 
a match on the 37-marker test.  I have 7 matches at 37 markers, 25 
matches at 67 markers and 0 matches at 111 markers.

• Some matches show a GD of 4 at 37 markers and a GD of 6 at 67 
markers.

• Surname projects may allow you to see matches that don’t meet the 
threshold criteria above.



Carroll Surname Project page 



Carroll Project Y STR Results for me



Carroll Project Y STR Results for FT14437



Leo Little’s Spreadsheet
http://freepages.genealogy.rootsweb.ancestry.com/~geneticgenealogy/yfreq.htm



Using STR Frequency Data to Examine My Y Results

• After finding out about the frequency distributions, I checked my 67-
marker STR results.

• For DYS492 I had a result of 11 repeats.  Only 1% of the R1b 
haplogroup have this number of repeats for DYS492.

• Nobody in the Brady Surname Project had this value.
• Almost everybody in the Carroll Surname Project has this value. 
• Many of the other low-frequency STRs in my results are also in the 

Carroll Project and not in the Brady Project.
• This requires further investigation.



Rarity of Alleles Used for Assigning Test Takers to a Group 

https://sites.google.com/site/wheatonsurname/beginners-guide-to-genetic-genealogy/lesson-14-more-with-the-y

The Y-DNA-12 marker test is sufficient to allocate some members to Group B (per Dr. Maurice Gleeson)

https://sites.google.com/site/wheatonsurname/beginners-guide-to-genetic-genealogy/lesson-14-more-with-the-y


Big Y-700 STRs
• There were at least 500 STRs in the Big Y-500 test and there are at 

least 700 STRs in the Big Y-700 test (111 + 589), however, the 
additional 589 are currently extraneous information as the matching 
system for those STRs is not yet fully developed.



Differences between STRs & SNPs
from the FTDNA Learning Center

• An STR is a short tandem repeat. This is a place in your DNA code 
where a letter sequence is repeated. For example, AGTAAGTAAGTA is 
three repeats of the sequence AGTA.  STRs have a fast mutation rate.  
Some STRs mutate faster than others.  When they change, it is an 
increase or decrease in the number of repeats.  STR values change 
back (back mutate) more common.

• A SNP is a single nucleotide polymorphisms. That means that it is a 
single small change in your DNA code. These changes are rare. Once 
they happen, they seldom change back (back mutate).

https://learn.familytreedna.com/faq-items/back-mutation/


Big Y or Targeted SNPs
• You can test your (or a male relatives Y-DNA) with the Big Y-700 or targeted 

SNPs.  Targeted SNPs are cheaper, but if you don’t know what SNPs to 
target, you may waste time and money.

• The Big Y-700 uses Next Generation Sequencing (NGS) technology to 
discover new SNPs and detect known SNPs.  While the FTDNA Learning 
Center states the below statement, the new Big Y-700 is discovering new 
SNPs at a rapid rate and if all males tested, we would know where every 
male sat on the haplotree.

• “The Big Y test is intended for expert users with an interest in advancing science. It 
may also be of great interest to genealogy researchers of a specific lineage. However, 
it is not a test for matching you to one or more men with the same surname in the 
way that our other Y-STR tests do, such as Y-37, Y-67 or Y-111.”



Terminal SNP
• Terminal SNP - A terminal SNP determines the terminal (final) 

subbranch on the Y-DNA Tree to which someone belongs.  It is the 
SNP that is the farthest out on a limb of the Y-DNA Tree.

• For a variant to be placed on the Y-DNA Tree, at least two people 
have to be derived for that particular variant.

• Private Variants are “Singletons” and as such are not on the Y-DNA 
Tree.

• As additional men test, your private variants will almost certainly be 
paired with another and will then be placed on the Y-DNA Tree which 
will change your “Terminal” SNP.



SNP Discovery

• At my last look (May 12, 2020), there were almost 300,000 variants 
on the haplotree and growing quickly.  This tidal wave of SNP 
discovery enabled by the use of new technology known as Next 
Generation Sequencing (NGS) is referred to as the SNP Tsunami.



Frequency of SNPs on the Y Chromosome

• 1.25 billion years for each variant at each nucleotide position.
• Since Big Y-500 tested 10 million nucleotides, the expected frequency of 

variants in this test is therefore one every 125 years.
• 1,250,000,000/10,000,000 = 125 years/SNP
• The Big Y-700 tests ~15 million nucleotides, so
• 1,250,000,000/15,000,000 = 84 years/SNP
• Full Genome now offers a Long-Read test of 20,000,000 Y nucleotides.

As we test more of the Y chromosome, we can refine our estimation of time between SNPs.  84 years is starting to get 
within genealogical timeframe.  Statistics from “The Future of Y-DNA Testing for Genealogy” YouTube video by Dr. Iain 
McDonald 



DNA Replication
• DNA Polymerase is the enzyme responsible for synthesizing new strands of 

DNA (i.e., making copies, replication).
• Enzymes are protein molecules in cells which work as biological 

catalysts. Enzymes speed up chemical reactions in the body, but do not get 
used up in the process, therefore can be used over and over again. Almost 
all biochemical reactions in living things need enzymes.

• DNA Polymerase works in one direction adding new nucleotides (dNTP) to 
the 3 position of deoxyribose backbone of the DNA strand.

• A nucleotide is the building block unit of nucleic acids such as DNA.  When 
we talk about sequencing, we are talking about the sequential order of the 
different nucleotides as we progress down the DNA strand.

• Complementarity is maintained.  Complementarity refers to the fact that 
each nucleotide has a base (A, C, T or G), and each base on a DNA strand 
can pair up with the appropriate (complementary) base (A with T and G 
with C) from the opposing nucleotide on the second DNA strand.



DNA Polymerase Activity and Mistake Correction



Naming System for SNPs
From “Origins of the Irish, Scottish, Welsh and English R1b-M222 population”

Old Naming System
Lineage System

New Naming System
Mutation System Subclade appearance

R1b M343 ~16,000 ybp

R1b1a2 M269 ~7,000 ybp

R1b1a2a L23 ~6,200 ybp

R1b1a2a1a L51 ~5,300 ybp

R1b1a2a1a1 L11 ~4800 ybp

R1b1a2a1a1a U106

R1b1a2a1a1b P312

R1b1a2a1a1b3 U152 4125+/-450 ybp

R1b1a2a1a1b4 L21 3750+/-400 ybp



List of SNP Prefixes from ISOGG website



Typical 
representation 
of a tree.

from “Genetic Genealogy:  The Basics 
and Beyond” by Emily D. Aulicino



Y Haplotree From “The Family Tree Guide to DNA Testing and Genetic Genealogy” by Blaine Bettinger



Rectangular Phylogenetic (Haplotree) Tree

From “The Y-chromosome Tree Bursts into Leaf: 
13,000 High Confidence SNPs Covering the 
Majority of Known Clades (numerous authors); 
Mol.Biol.Evol. 32(3):661-673. 



Circular Phylogenetic Tree (Y-Haplotree) FTDNA blog page



Less Complex Circular Phylogenetic Tree

From Phylogenetic Trees Made 
Easy” by Barry G. Hall



My Portion of the Y Haplotree from FTDNA



SNP Tsunami Part 2 (Big Y-700)



SNP Tsunami (Part 2 continued)



Named Variants – Showing All 



FTDNA Learning Center said only ~70K SNPs on Haplotree as of 3/9/2020
Corrected to ~260,000 as of 3/11/2020



Named  Variants – Showing Only Those I Have in my Y chr



My Private Variants



Close up view of Big Y-700 result for position 10981829

You can see the reference genome sequence across the top of the frame.  The paired-end segment “reads” (forward and 
reverse) have been aligned to this sequence.  SNP is listed in pink.  Coverage depth is about 62X (all reads not shown).  
Coverage is important as aberrant singleton pink variants are apparent, but since they are not repeated, they are 
disregarded as spurious.



Partial list of my SNP Chronology from GeneticHomeland.com



Examples of Haplotree Changes with new SNPs 
From FTDNA White Paper on blog site.



Other Resources for Y-DNA Analysis

• You can have your Big Y-700 raw data sent to other companies for 
analysis, such as YFull.com (Russian company), Full Genomes Corp, Y-
DNA Data Warehouse, Alex Williamson’s “Big Tree” (mostly for R1b at 
present)

• However, FTDNA currently has the largest database.



Summary
• We discussed features of the Y chromosome/SRY gene.
• We discussed how the Y-DNA is used genealogically.
• We discussed how STRs come to be.
• We discussed features of STRs and how to use the information.
• We discussed how SNPs arise (mutations/misincorporations).
• We discussed features of SNPs.
• We discussed the haplotree.



Useful Resources
• YouTube videos

• Dr. Maurice Gleeson
• How Y DNA can Help Your One Name Study
• Research Your Clan Using DNA & Documentary Records
• Using Y DNA to Research Your Surname

• Dr. Michael Sager
• The Tree of Mankind

• Dr. Iain McDonald
• Big Y-700:  the cutting edge of Y-DNA testing

• Books
• Tracing Your Ancestors Using DNA (Y DNA chapter by Alasdair F. Macdonald & John Cleary)

• The Family Tree Guide to DNA Testing and Genetic Genealogy by Blaine Bettinger
• Advanced Genetic Genealogy edited by Debbie Parker Wayne



Useful Resources 2
• A Nomenclature System for the Tree of Human Y-Chromosomal 

Binary Haplogroups by the Y Chromosome Consortium, Genome 
Research, www.genome.org

http://www.genome.org/


Questions?



From Dr. Iain McDonald’s video “Exploring New Y-DNA Horizons with Big Y-700



From Dr. Iain McDonald’s video “Exploring New Y-DNA Horizons with Big Y-700
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