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Introduction

 We will talk about:

* Y chromosome: Its size, its purpose, its genealogical significance

e 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 2"
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 Il
(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
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Figure 1: Roughly 23.6 Mbp of chromosome Y (white) are genealogically relevant
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Fic. 1. Distribution of sequenced regions on the MSY. At the top is shown a schematic representation of the ¥ chromosome and the analyzed
subregion, with the distribution of the ampliconic, X-transposed, X-degenerate, and heterochromatic regions indicared (Skaletsky et al. 2003). The graph
shows read depth in sequenced regions (blue) and density of discovered SNPs (red). Target coordinates for bait design (bottom) are according to
GRCh37. Also shown are the locations of single-copy MSY genes (Skaletsky et al. 2003; Bellott et al. 2014), as triangles pointing in the direction of
transaiption. TXLNGY (Putative gamma-taxilin 2) replaces the former CYorflSA and CYorf15B (Skaletsky et al. 2003).




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 ( ) 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.............. yvpe, 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
-TCTATCTATCTATCTATCTATCTATCTA- {TCTA}, 7
-TCTATCTATCTATCTATCTATCTATCTATCTA-  {TCTA}g 3

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.



11-repeat allele

Simgx\nea&gmm

+1 REPEAT MUTATION -1 REPEAT MUTATION
12-repeat aliele after 10-repeat alleie after
subsequent DNA replication subsequent DNA replication
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B What do the DYS, DYZ, DYF, and FTY prefixes on Y-DNA STR names mean?

DYS, DYZ, and DYF Prefixes

The DYS, DYZ, and DYF prefixes are part of the scientific name for a short tandem repeat
(STR) found on the ¥ chromosome. STR markers are named according to guidelines published
by the HUGO Gene nomenclature committee (HUGO). For Y-DNA STR tests:

= D stands for DNA.
® ¥ stands for ¥ chromosome.

= §, Z, and F stand for the complexity of the repeat segment as follows:
= Sis aunigue segment

= Zis a number of repetitive segments at one site.
= Fis a segment that has multiple copies on the ¥ chromosome.

FTY Prefix

The FTY prefix stands for Family Tree Y. For now, this prefix acts as a placeholder until HUGO
assigns an official prefix to these STRs.

Identification Number
All STRs are given a unigue identification number.
For example, DY5393: the D indicates that the segment is a DNA segment,

the Y indicates that the segment is on the Y chromosome, the S indicates that it is a unique
segment, and the number 393 is the identifier.




There are at least 4 kinds of STRs

 Simple repeats

e Compound repeats

e Complex repeats

e Complex Hypervariable repeats

* 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.



ATGACGGATCAG GCAAGCGGAATTGGUCGACATAA

TACTGCCTAGTCGGCGTTCGCCTTAACCGCTGTATT

repeat

motif

(TTTC) Nso(TTTC)
(GAAA)

(AGAT),,

(ccTm),

(AAAT),,

(AAAT),

(AAAT),

(TAAA)
(TATAC)ATGTAC)ATATAC)....
(TAATA) (TAAAA), (TAATAJ,..
(AAAGG) (AAGGG) (AAGAA);




Repeat Percentage

10 0.003% | TGGCGACATAA
12 0.029% BiccoctararT
13 0.215%
14 2.857%
15 17.187%
16 » 24.023%
17 32.158%
18 15.717%
19 4.927%
20 1.057%
21 0.275%
22 0.035%
0.003%

¥ ¥ Y 1 Y .
(AAAGG) (AAGGG), (AAGAA),




67 MARKERS - 25 - MATCHES

Genetic

GEEL Big Y STR Y-DNA Terminal Match

Name Earliest Known Ancestor

t Differences Haplogroup SNP Date

Lee
150f 612 _ Patrick Lee, b.c. 1836, Ireland R-FT111279 FT111279 7/6/2018
1= Y-DNA111 FF BigY

Lee

Patrick Lee, b. c. 1836 7/6/2018
Y-DNAT11  FF

1 Norman

V-DNAT11 FF Joseph Lafayette Norman 6/28/2019
== |

R-Z16289 216289 6/1/2019
Y-DNAG7 FF

- Grafton

2/1/2019
Y-DNA111

Mooney

7/6/2018
Y-DNAGY FF

Springer Isaac Manley Springer(1829-1886)

7/6/2018
Y-DNABT FF Charleston, SC

1Glenn

Y-DNA67

Morris 5r.
Y-DNAT11

7/6/2018

William Maorris, B:Oct. 21, 1772 D:july 4, 1840 7/6/2018

1 Kelly

V-DNAET James Kelly, 1868 - 1902 7/6/2018




Y-DNA TiP Report

In comparing Y-DNA 67 marker results, the probability that _ Lee and Martin John Brady shared a

common ancestor within the last...

COMPARISON CHART

Generations Percentage
4 10.55%

8 50.37%
12 B81.77%
16 94.85%
20 98.78%
24 99.74%

Refine your results with paper trail input

If traditional genealogical records indicate that a comman ancestor between you and your match could not have
lived in a certain number of past generations, your TiP results can be refined. Note, if you are not sure of this

information, you should not change the value of "1" below.
Note: "0" or negative values are not accepted in the generations field.

- Lee and Martin John Brady did not share a common ancestor in the last 1 I/ generation(s).

Markers: 67 Displayr every 4 generations. s RECALCULATE

Since each marker has a different mutation rate, identical Genetic Distances will not necessarily yield the same
probabilities. In other words, even though Martin John Brady has a Genetic Distance} of 5 from : " Lee,
someone else with the same Genetic Distance may have different probabilities, because the distance of 5 was
prompted by mutations in different markers, with different mutation rates.
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Interpretation

'Your exact match means your relatedness is extremely close. Few people achieve this close level of a match. All confidence levels

are well within the time frame that surnames were adopted in Western Europe.

Few people achieve this close level of a match. All confidence levels are well within the time frame that surnames were adopted in

Western Europe.

'Your degree of matching is within the range of most well-established surname lineages in Western Europe. If you have tested with
the Y-DNA12 or ¥-DNAZ2S test, you should consider upgrading to additional 5TR markers. Doing so will improve your time to

common ancestor calculations.

Without additional evidence, it is unlikely that you share a common ancestar in recent genealogical times (one to six generations).

You may have a connection in maore distant genealogical times (less than 15 generations). If you have traditional genealogy records

that indicate a relationship, then by testing additional individuals you will either prove or disprove the connection.

It is unlikely that you share a cormmen ancestor in genealogical times (one to 15 generations). Should you have traditional
genealogy records that indicate a relationship, then by testing additional individuals you will either prove or disprove the

connection. A careful review of your genealogical records is alse recommended.

'You are not related on your Y-chromesome lineage within recent or distant genealogical times (one to 15 generations).




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.

e 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.
e 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

DYS DYS DYS | DYS DYS | DYS | DYS |[DYS |DYS |DYS | Genetic
390 391 | 385 426 |388 (439 |389l (392 |389ll | Distance

11-14 12
Match 1 13 25 13 10 11-14 12 12 11 12 13 29 2
458 | 459 455 | 454 | 447 | 437 |448 | 449
5-10 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 | differ by 2 repeat units (one at DYS19 and one at DYS389I). In the second
panel (STRs 13 -25) the match and | differ by 2 repeat units as well (both at DYS455). So, over the first 25 STRs,
the match and | differ by 4 repeat units and therefore have a Genetic Distance of 4. If | 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. | have 7 matches at 37 markers, 25
matches at 67 markers and O matches at 111 markers.

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

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



Carroll Surname Project page

Ely Carroll DNA Project - Y-DNA Colorized Chart

For genealogy within the most recent fifteen generations, STR markers help define patemal lineages. Y-DNA STR markers change (mutate) often enough that most men who share
the same STR results also share a recent paternal lineage. This page displays Y-Chromosome DNA (Y-DMNA) STR results for the project. It uses the colorized format. The columns
display each project member's kit number, paternal ancestry information according to project settings, the paternal tree branch (haplogroup), and actual STR marker results. The

color coding of STR. names is explained . In the haplogroups column, haplogroups in green are confirmed by SMF testing. Haplogroups in red are predicted. Above each
subgroup, we display the minimum, maximum and mode values for each STR marker in the subgroup. STR marker values that differ from the mode values are color-coded. You can
read about the coding system . You may learn more about Y-DMA STRs on the learning page.

Markers: Y-DMA12 a Page Size: 500 & Show All Columns

Paternal Ancestor Name Haplogroup

-
®
]
-
=
=

100 R-Z16281>Z16284>Z18012>BY3301>FGCG63585>FGCE3582 Egan

MIN 13 |25 (14 (11 111412 12 12 13 |13 |30 | 16 /910 11 11 |25 | 16 19| 27 | 15-15-17-17 | 11 11 |19-23 15 15 |18 17 37-37 11 |12
MAX 13 |25 (14 |11 111412 |12 |12 |13 |13 |30 | 16 |89-10| 11 | 11 |26 | 16 19| 27 | 16-15-17-18 | 11 | 11 |19-23 |15 15 |18 17 37-38 11 |12
MODE 13 |25 (14 11 1114 12 12 12 13 |13 |30 16 /910 11 11 |25 16 19 27 15-15-17-18 | 11 11 19-23 15 15 18 17 37-38 11 | 12
3601 Egan Michael Egan, Clonaslee, Laocis R-FGCE3582 13 |25 |14 11 |11-14 12 |12 |12 13 |13 | 30 16 (9-10 11 | 11 |26 16 | 19| 27  15-15-17-1F | 11 11 |19-23 15 |16 | 189 17 |37-37 | 11 | 12
555223 Egan Thomas Andrew Egan, 1875-1931, Farnans, Laois, Ire R-FGC63582 13 |26 (14 11 |[11-14 12 |12 12 13 |13 | 30 16 (910 11 |11 | 256 16 | 19| 27  15-15-17-18 | 11 11 [19-23 15 |16 |19 17 37-38 | 11 12
105 R-Z16281>Z16284>Z18012>BY3301>FGCG3585>FT67 708 Flanagan

MIN 13 |26 (14 |11 |11-14/12 |12 |12 |13 |13 (29 | 16 |89-10| 11 | 11 |26 | 15 | 19| 28 | 16-16-17-17 | 11 | 11 |19-23 | 15 | 15 |18 | 17 37-38 12 | 12
MAX 13 |25 (14 (11 1114 12 12 |12 113 |13 |29 16 /9-10 11 11 |25 15 19|28 | 15-16-17-17 | 11 11 |19-23 15 15 |18 17 37-38 12 | 12
MODE 13 |25 (14 |11 (111412 |12 |12 |13 |13 (29 | 16 |8-10| 11 | 11 |26 | 15 | 19|28 | 16-16-17-17 | 11 | 11 |19-23 | 15 | 15 |18 |17 37-38 12 | 12
917007 Best Thomas Flanagan. b. 1821, d_ 1887 R-FTG7708 13 |26 14 11 |[11-14 12 |12 12 13 |13 29 16 (9-10 11 |11 | 256 15 | 19| 28 15-16-17-17 | 11 11 |19-23 15 |16 |19 17 | 37-38 | 12 12
110 R-Z16281>Z216284>Z18012>BY3301>FGCE63585 Flanagan

MIN 13 |25 (14 |11 111412 |12 |12 |13 |14 |29 | 16 |9-10 11 | 11 |26 | 15 19|28 | 16-15-16-17 | 11 | 11 |19-23 | 15 15 |18 17 36-38 12 | 12
MAX 13 |25 (14 (11 1114 12 12 12 (13 |14 |29 16 /910 11 11 |25 15 19| 28 | 15-15-17-17 | 11 11 19-23 15 15 18 17 36-38 12 | 12
MODE 13 |25 (14 |11 111412 |12 |12 |13 |14 |29 | 16 |8-10| 11 | 11 |26 |15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |18 17 36-38 12 | 12
INZ2480 Flanagan Paul Flanagan, b. 1953 R-M269 13 |26 (14 11 1114 12 12 12 13 |14 |29 16 910 11 11 |25 15 19| 28  15-15-16-17 | 11 11 19-23 15 15 18 17 36-38 12 | 12
MKG64948  OShaughnessy Thomas Shaughnessy, born 15/02/1877, Rathangan, Co  R-M269 13 |25 (14 |11 111412 |12 |12 |13 |14 |29 | 16 |8-10| 11 | 11 |26 |15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |18 17 36-38 12 | 12
3722 Irving John Flanagan, b. 1815 R-FGC63585 13 |26 (14 |11 [11-14 12 |12 12 13 |14 29 16 (9-10 11 |11 |25 15 | 19| 28 15-15-17-17 |11 11 [19-23 15 |16 |19 17 | 36-38 | 12 12
120 R-Z16281>Z16284>Z18012>BY3301>BY 30489>BY 84846 Carroll 2

MIN 13 |25 (14 |11 111412 |12 |12 |13 |13 |29 | 16 |9-10/ 11 | 11 |26 |15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |20 16 37-38 12 | 12
MAX 13 |25 (14 (11 111412 12 12 13 |13 |29 16 | 9-10 11 11 |25 15 19|28 15-15-17-17 | 11 11 19-23 15 15 20 16 37-38 12 | 12
MODE 13 |25 (14 |11 111412 |12 |12 |13 |13 |29 | 16 |9-10/ 11 | 11 |26 |15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |20 16 37-38 12 | 12
913044 Rose R-M269 13 |25 (14 (11 1114 12 12 12 13 |13 |29 16 | 9-10 11 11 |25 15 19|28 | 15-15-17-17 | 11 11 |19-23 15 15 20 16 37-38 12 | 12
283359 Carroll Douglas Carroll, b. 1765 and d. 1829 R-BY84846 13 |25 |14 11 |11-14 12 |12 12 13 |13 |29 16 (910 11 |11 |25 15|19 |28 15-15-17-17 |11 11 |19-23 15 |16 | 20 16 37-38 | 12 12
6781 Rose George Rose, b. 1740 and d. 1853 R-BY84846 13 |26 14 11 |[11-14 12 |12 12 13 |13 29 16 (910 11 |11 |25 15| 19| 28 15-15-17-17 |11 11 [19-23 15 |16 | 20 16 37-38 12 12
130 R-Z16291>Z16284>Z18012>BY3301>BY 30489 Carroll 2

MIN 13 |24 |14 |11 111412 12 |12 13 |13 |29 16 |9-10 10 11 |25 14 19|28 15-15-15-17 | 11 11 |19-21 |15 15 |18 16 36-37 12| 12
MAX 13 |25 (14 (11 111412 12 12 13 |13 |29 |17 (910 11 11 |25 |15 19|28 | 15-15-17-17 | 11 11 |19-23 16 15 21 17 37-39 12 | 12
MODE 13 |25 (14 |11 111412 |12 |12 |13 |13 |29 | 16 |89-10/ 11 | 11 |26 | 15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |20 16 37-38 12 | 12
229066 CARROLL John Carroll, IRE B 1620 D 1714 Virginia R-M263 13 |24 (14 11 11-14 12 12 |12 13 |13 |29 16 | 9-10 11 11 |25 15 19| 28 | 15-15-17-17 | 11 11 19-23 15 15 20 16 36-38 12 | 12
810430 Carroll William Carrall, b. 1810 and d. 1880 R-M269 13 |24 (14 |11 111412 12 |12 |13 |13 |29 | 16 |9-10/ 11 | 11 |26 | 15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |20 16 37-38 12 | 12
12777 Carroll Patrick Carroll R-M269 13 |25 (14 (11 111412 12 |12 /13 |13 |29 | 16 |9-10 10 11 |25 |15 19|28 | 15-15-17-17 | 11 | 11 |19-23 | 15 15 |18 A7 36-37 12 | 12
14073 Carroll Michael Joseph Patrick Carroll, b. 1855 R-P312 13 |25 (14 |11 111412 12 |12 |13 |13 |29 | 16 |9-10| 11 11 | 25 | 14| 19| 28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |18 16 37-39 12 | 12
107055 Carroll Edward Carroll, 1824 - 1900 R-Z16281 13 |25 (14 (11 111412 12 |12 13 |13 |29 16 |9-10/ 11 11 |25 | 15 19| 28 | 15-15-15-17 | 11 11 19-21 15 15 |18 17 36-38 12 | 12
120553 Carroll James Madison CARROLL, b. 1829 and d. 1882 R-M269 13 |25 |14 |11 11-14 12 12 |12 13 13|29 16 810 11 11 |26 15 19| 28 15-15-17-17 |11 11 |19-23 15 15 |20 16 37-38 12 | 12
93928 Carroll R-M269 13 |25 (14 (11 1114 12 12 12 13 |13 |29 16 | 9-10 11 11 |25 15 19|28 | 15-15-17-17 | 11 11 |19-23 15 15 20 16 37-38 12 | 12
B216219 Harrington Mancy Wilson, b. 1846 R-M269 13 |25 (14 |11 111412 |12 |12 |13 |13 |29 | 16 |89-10/ 11 | 11 |26 |15 19|28 | 16-15-17-17 | 11 | 11 |19-23 | 15 15 |20 16 37-38 12 | 12
291857 Cairel William Carroll,b1815 R-DF21 13 |25 (14 |11 11-14 12 12 12 |13 |13 |29 16 /910 11 11 |25 15 19|28 | 15-15-17-17 | 11 11 |19-23 15 15 |21 16 36-38 12 | 12
190806 Carroll Daniel Carroll b. 1807 Limerick R-BY30489 13 |25 |14 |11 [11-14 12 |12 |12 13 |13 |29 17 (910 11 |11 |26 | 15|19 | 28 | 15-15-17-17 | 11 | 11 |19-23 16 | 16 |18 16 |37-38 | 12 | 12
140 R-Z16291>Z16284>Z18012>FGCE1823>FGCE1825 Mitchell

MIN 13 (25 (14 (10 |11-14[12 |12 |12 13 |13 (29 |17 |9-10| 11 | 11 |26 |15 | 19|28 | 16-15-17-17 | 11 |10 |19-22 |15 |15 |18 |17 37-38 | 12 | 12
MAX 13 |25 (14 |10 111412 12 |12 |13 |13 |29 |17 |8-10 11 | 11 |26 |15 19|28 | 16-15-17-17 |11 10 |19-22 15 15 |18 17 37-38 12 | 12

MODE 13 (25 (14 110 /1114112 12 12113 (13 (29117 19-10/ 11 1 11 (25|15 19 (28 | 16-15-17-17 | 11 |10 [19-22/ 15 | 15 |18 | 17  37-38 | 12 |12
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256801  Redmond _ James Redmond b 1833d1808  R-BY2000% (1325 14 |11 [11-14/12 12 12 |13 1¢

622693
Tacey

578385  Treacy  Michael Treacy b. 1815 Kiltullagh, Galway ~ R-M269 |13 25
271750  Treacy  Michael Treacy, born 1815- 1876 Kiltullagh, Kilker  R-DF21 13 25
335793  Tracey ~ Tracy _ _ RM263 |13 25
289633  Tracey  Lawrence Treacy 1813-1882 ~ R-DFz1 13 25
mm-m-mm
164932  Tacy
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Thomas Maher R
: Mahar  Thomas Mahar (1834-1904) Co. Queens, Ireland 25
IEE_EIEI
509147  Maher Bartholomew Maher
Elm
EIE-IEI_I!EE-IEIE

er). b. 1807 and d. 1879

MODE |
B387131 Meagher  Stephen Maher (Meag

Maher  JohnMaherbc 1775 25
:EEIE-EIIEII
IEI_I!EEE-IEIE (1]

R-M269 [ 13|25 |16
375935 IEE— amon Maher, b. 1800 and d. 1878 R-M269 113 |25

MODE
185725  Tracy  Eamon Treacy 1790- 1844
438049  Harrison/TracyJohn Treacy. b. 1636, Bulgaden, Co. Limerick, Irel R-BY4011 | 13|25 |

11-14 12 12 12 13 13
m——_—mm- 11-14. 2 IEIII

1325 14 11 11-14 12 12 12 |13
m- artin Treacy b 1800 —M£ﬁ=~ (1325 14 [10[11-14]
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am Carroll, b. 1702 and d. 1754
Daniel O'Carroll b. 1642 and d. 1688
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Iliam Carrell, b UNK and d1811, Johnston , NC

- Jeremiah Dooley, b.c. 1790 Ireland

:
;
2
:
:

o
g
£
3
=
x
=
3
3
IS
=
4
[
=
m
°
€
3
E
-]

Phillip Bowes, 1734-1813, Isle of Wight, England
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http://freepages.genealogy.rootsweb.ancestry.com/~geneticgenealogy/yfreq.htm

Leo Little’s Spreadsheet
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Using STR Frequency Data to Examine My Y Results

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

* For DYS492 | 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.
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https://sites.google.com/site/wheatonsurname/beginners-guide-to-genetic-genealogy/lesson-14-more-with-the-y

Big Y-/00 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 ( ) more common.

 ASNP 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.

e 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. Itis 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

e 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. lain
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.



. Proofreading via 3" to 5"
exonuclease activity

DMNA polymerase




tem for SNP

), Scottish, Welsh and En ulation”

Old Naming System New Naming System
Lineage System Mutation System Subclade appearance

R1b M343 ~16,000 ybp
R1lbla2 M269 ~7,000 ybp
R1bla2a L23 ~6,200 ybp
R1bla2ala L51 ~5,300 ybp
R1bla2alal L11 ~4800 ybp
R1bla2alala U106

R1lbla2alalb P312

R1bla2alalb3 U152 4125+/-450 ybp
Rlbla2alalb4 3750+/-400 ybp
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es from I1SOGG wek

| ALK = Ahmad Al Khuraiji
. AM or AMM = Laboratory of Forensic Genetics and Molecular Archaeology, UZ Leuven, Leuven, Belgium
B = Estonian Genome Centre
BY = Big Y testing (next generation sequencing) discovered with the Big¥Y-500, Family Tree DNA, Houston, Texas
BZ = Q-M242 Project, Family Tree DN A, Houston, TX. SWNPs named in honor of Barry Zwick.
CTS = Chris Tyler-Smith, Ph.D., The Wellcome Trust Sanger Institute, Hinxton, England
DC = D4l Cais, an Irish group believed to be descended from Cas, b. CE 347, related to SNP R-L226; Dennis Wright
DF = anonymous researcher using publicly available full-genome-sequence data, including 1000 Genomes Project data; named in honor of the DN A-Fo
E = Bulat Muratowv
F = Li Jin, Ph.D., Fudan University, Shanghai, China
F* = Chuan-Chao Wang, Hui Li, Fudan University, Shanghai, China (Beginning letter F; second letter Haplogroup, i.e. FI is Fudan Haplogroup I)
FGC = Full Genomes Corp. of Virginia and Maryland
FT = Big Y testing (next generation sequencing)discovered with the Big Y-700, Family Tree DINA , Houston, Texas
G = Verdnica Gomes, IPATIMUP Instituto de Patologia e Imunologia Molecular da Universidade do Porto (Institute of Molecular Pathology and Immuno
GG=Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow, Russia
IMS-JST = Institute of Medical Science-Japan Science and Technology Agency
JD = David Stedman using Big Y and other NGS sources.
JFS = John Sloan
JN = Jakob Nortsedt-Moberg
K = Youngmin JeongAhn, Ph.D; Education: Seoul National University and the University of Arizona
KHS = Functional Genomics Research Center, Korea Research Institute of Bioscience and Biotechnology
KL = Key Laboratory of Contemporary Anthropology, School of Life Sciences and Institutes of Biomedical Sciences, Fudan University, Shanghai, China
KMS = Segdul Kodzhakowv; Albert Katchiev; Anatole Klyosov:; Astrid Krahn; Thomas Krahn; Bulat Muratov; Chris Morley: Ramil Suyunov; Vadim Sozi
Science: Prof. Elsa Khusnutdinova. Sc.D. of Biological Sciences, Laboratory of Molecular Human Genetics, Institute of Biochemistry and Genetics, Ufa F
L = Thomas Krahn, MSc (Dipl.-Ing.) formerly of Family Tree DINA's Genomics Research Center; snps named in honor of the late Leo Little
M = Peter Underhill, Ph.D. of Stanford University
MC = Christopher McCown. University of Florida; Thomas Krahn, MSc (Dipl.-Ing.). YSEQ net, Berlin, Germany
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ily Tree Guide to DNA

Y-CHROMOSOMAL ADAM

Major groups of Y-DNA haplogroups (called subclades) can be mapped
in accordance with how they evolved from Y-chromosomal Adam.







Circular Phylogenetic Tree (Y-Haplotree) o sg s
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Haplotree

Your Confirmed Haplogroup is R-FT14437 Search |

Haplogroup R-P312 is the descendant of the major R-P25 (aka R-M343) lineage and is the most commeon in Central Europe, Spain, France, Portugal, and the British Isles.
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Tested Positive Tested Negative Presumed Positive Downstream Presumed Megative Test in Progress

| ¥142580 ' R-Y142580
| B¥75978 more.. R-BY75978
527573 More... R-527573

| FT19077 More... R-FT19077

* Z16294 More... R-Z16254

| + BY11118 more... R-BY11118
Z16281 More... R-Z16281
* 716282 More.. R-Z16282

¢ Z16291 More.. R-Z16291

+ Z16284 More... R-Z16284

Z18012 mMore... R-Z18012
+ BY3301 More.. R-BY3301
FGCE63585 More... R-FGCG3585

FGCE3583 More... R-FGCE3583

FGCE3582 More... R-FGCE3582

FT&67708 More... R-FT&7708
BY30489 More.. R-BY30489
| BYBAB46 More.. R-BYE&4846

FGCE1823 More... R-FGCE1823
| FGC61825 R-FGCE61825

14437 R-FT14
+ Z16289 More... r-Z16280 R
| BYZ20009 More... R-BYZ20009

BY20010 More... R-BY20010

BY35483 more... R-BY95483
FT111279 R-FT1112792

BY20011 More._.. R-BY20011

| BY50762 More... R-BYS50769

+ BY4011 More... R-BY4011

| + BY4005 More... r-By4oos BN
BY19556 More... R-BY19556

FGCGE5865 More... R-FGCE5865

| BY194635 More... R-BY 194635
| BY193379 R-BY 193379

FT183081 More... R-FT183081
BY3829 More... R-BY3829
+ BY3303 More.. R-BY3303




Big Y-700)

FT SNP index —

From ISOGG Wiki
The FT SNP index lists Big ¥-700 SMNPs that have been named by Family Tree DNA as they have been considered for inclusion to the Y chromosome haplotree. It supersedes the BY SNP index.

FT1-FT2999
FT10000-FT19999
FT20000-FT29999
FT30000-FT39999
FT40000-FT49999
FT50000-FTS59999
FTE0000-FTE9999
FT70000-FT79999
FT80000-FT89999
FT90000-FT99999
FT100000-FT109999
FT110000-FT119999
FT120000-FT122999
FT130000-FT139999
FT140000-FT149999
FT150000-FT159999
FT160000-FT169999
FT170000-FT179999
FT180000-FT189999
FT190000-FT1929999
FT200000-FT202999
FT210000-FT219999
FT220000-FT229999
FT230000-FT239999
FT240000-FT245999
FT250000-FT259999
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Download Spreadsheet
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FT SNPs 250K

From ISOGG Wiki
The FT SNP index lists Big ¥-700 SNPs that have been named by Family Tree DMA as they have been considered for inclusion to the Y chromosome haplotree.

Previous List (FT240000-FT249999)

Position (hg38)
19555075

19557143

19565666

19573986

19574180

19578239

19579067

19579360

19596519

19598930

19612559

19612815

19633658

19634645

19634961

19636561

19645649 This website u

best experienc
19651822

19654009 Block Cookie

19660669




Big Y - Results
MNamed Variants Private Variants Matching
SNP Name 1 | Derived? 1T On Y-Tree? IT Reference 11 | Genotype
' SNP Name Search " [ show Al 3] [ show All 3] | show all 4] [ showall &)
S50f2(P) | Mo (-) No | C | C
A100 | Mo (<) Yes | A | A
A10006 | MNo (<) | Yes | C | &5
AT10007 | MNo (-] | Yes | G | G
A10008 | MNo (-) | Yes | C | C
A10009 | MNo (<) | Yes | G | G
A10010 | No () Yes | G | G
AT0011 | MNo (-) | Yes | G | G
A10012 | Mo (-) | Yes | C | C
AT10013 | ? Yes | T | ?
items per page 10 4 1-100f256065 |< < > |>
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The Named Variants tab displays your single nucleotide polymaorphisms (SNPs) that are on the
list of 70,000 known SMPs against which Big ¥ data is compared.

B BigV - Results - Named Variants
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wing Only Those | Have

Big Y - Results

Mamed Variants Private Variants Matching

S5NP Name 13 Derived? On Y-Tree? Reference Genotype

'SNP Name Search | | show All 3] | Show all 3/ | show all &/

ATB095 Yes (+) Yes T G
A18725 | Yes (+) | Yes | T | A
A2470 | Yes (+) | Yes | |
A2594 | Yes (+) | Yes

AZB36 | Yes (+) | Yes

AZB38 | Yes (+) | Yes

A2662 | Yes (+) | Yes

A2663 | Yes (+) | Yes

AZB69 | Yes (+) | Yes

AZBT3 Yes (+) Yes

Items per page 10 & 1-10 of 1669 |< < >




Big Y - Results
Mamed Variants Private Variants Matching

Position ¢ Reference Genotype

Position Search !ShuwAII :[ ]-showAII :-{

10981829 C T
11287353 | C |
| 11678355 |
11909361
12537419
| 13733538
16059337
19600946
20309401

3407530

items per page 10 & 1-100f12 <= <




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

erence C Position 10981829
Low Quality Medium Quality High Quality

~
A C T CCGTTAGT CAGCACTCCCTTCTTCCTGMACTCCACTCCACTTCATTIECCATTIECCATTCCTTCCCATTCCATTATCATCTC(
109817390 10981800 10981810 10981820 10981830 10981840 10981850 10981860

=

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.



SNP Chronolc H:':,-"ﬂ- -

PF6517 Riblala2
rs9786153

Designates WAMH major European branch of R1b. Arose about 11,000 bee. hg38 Ref does not match ancestral
allele value. Britain's DNA labeled this branch: Anatolian. Sometimes labeled as R1b1ala2 haplogroup in

literature using older nomenclature.

PFE534 S141 R1blala2a

rs97B85971

Arose about 6,000 boce. hg38 Ref does not match ancestral allele value. Sometimes labeled as R1blalaZa
haplogroup in literature using older nomenclature.

M412 PFE536 S167
rs9786140

In Europe, almost entirely west of the Danube river. hg38 Ref does not match ancestral allele value.

PFE546 S129 rs9786283

Under R1b M269. Believed coincident with P311, CTS 7650, L52, ¥YSC0000082. Changed Ref value per ¥Seq
11/22/2017

PF6542 rs2082033

Under R1b M269 > L23 > L51 according to FTDMNA. hg38 Ref does not match ancestral allele value.

PFB547 5116 MF52579
rs34276300

Major block under R1b. Arose about 5,000 bce. hg38 Ref does not match ancestral allele value. Britain's DNA
labeled this branch: Beaker Folk and formerly Bell Beaker.

S461 rs146019383

Largest branch under under M269

M529 S145 rs11799226

Largest European group under R1b P312. Highly correlated with geography of ancient Celts. Britain's DNA
labeled this branch: Pretani.

CTS241 5521
rs373989227

Directly under R1b L21.

§192 rs138322855

Under R1b L21 = DF13

S5488

Y11277 rs928913967

Branch under L21 DF13 DF21

Z16294

rs962837871

Under R1b L21 = DF21 = S5488

By11118

Under R1b L21 > DF21 > 55488 > 216284

Z16281

Z16282

rs908110798

Z16282 marker found in descendant of Charles Carroll, signer of L.S. Declaration of Independence and believed
to be descended from medieval Irish kings of Eile O'Carroll.

£16291

Z16284

rs995580140

downstream of DF21

FT14437

R-FT14437
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Figure 4: Novel branch SNPs FT1 and FT2 identified in clade of 11 samples (TMRCA 1-1.5 kya). During
placement of the novel branch SNPs, samples S5 and S6 (*) in panel Big Y reorganized under FT1 as shown
in panel Big Y-700. Similarly, sample 511 and branch SNP BY170013 (1) reorganized under FT2.
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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
e Using Y DNA to Research Your Surname

* Dr. Michael Sager
* The Tree of Mankind
* Dr. lain McDonald
* Big Y-700: the cutting edge of Y-DNA testing

 Books

e 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/




Using STRs to estimate ages

Each STR has its own mutation rate

CDY is probably the fastest, at one mutation per 15 generations (~525 years)

Many mutate slower than once per 10,000 generations (~350,000 years)

By totalling the mutation rates, we can estimate how long before any marker will mutate.

Test Average time Example:

between mutations
Y-12 1400 years/mutation
Y-25 560 years/mutation

Y-37 270 years/mutation Two tests have a genetic distance of 6 in 111 markers.

Y-67 200 years/mutation - 3 STR mutations on average
¥-111 120 years/mutation Time since their most-recent common ancestor (TMRCA) =

Y-500 ~86 years/mutation 3 mutations * 120 years/mutation = 360 years.
Y-700 ~39 years/mutation

Also, genetic distance of 11 in 552 markers.

(Still working out exact rates for new STRs) - 5.5 STR mutations on average |
TMRCA = 5.5 mutations * 86 years/mutation = 473 years.

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




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

Expected 95% confidence intervals

(95% chance that a given genetic distance corresponds to a shared ancestor born within this range)

GD  STRs

37 67
0-330  0-270
30-570  30-480
60-660  30-510
90-840  60-630
150-990 120-750
210-1140 150-840
270-1290 210-960

0
|
.
3
4
5
6
7
8
9
10
11

111
0-150
30-150
30-330
30-390
60-450
90-540
120-600

240-1080 150-660
300-1170 180-720
360-1290 210-780

240-840
210-900

500
0-120
0-120
0-240
30-270
30-330
30-390
60-420
60-480
90-510
90-570
90-600
120-660

700
0-60
0-90
0-120
0-120
0-150
30-180
30-210
30-240
30-240
30-270
30-270
60-300

SNPs

BigY-500

0-420
30-660
90-840
150-1020
210-1200
300-1350
390-1510
450-1680
540-1840
630-2010
750-2160
840-2310

700/YElite LongRead

0-330
30-480
60-630
90-750
150-900
210-1020
270-1140
330-1260
420-1380
480-1500
570-1620
630-1710

0-210
30-330
30-450
60-540
120-630
150-720
180-810
240-900
270-960
330-1050
390-1110
420-1200
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