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. . THE HUMAN Y CHROMOSOME:
Different Inheritance Patterns AN EVOLUTIONARY MARKER
COMES OF AGE

TABLE 15.1 Specific Relationships and the Probability of Transmitting Genetic Information (Barring Mark A. Jobling & C_hris Tyler-Smith

Mutation). Some of the ChrY Information is Not Applicable (N/A) as Women Do Not Have a Y-Chromosome. Nature Reviews Genetics (2003) 4, 598-612 i

Inheritance Autosomal Chry miDNA Chrx 10,000X magnification

Markers Markers Markers Abstract of X and Y chromosomes

Mother = Son e A 0 1o A Until recently, the Y chromosome seemed to fulfill the

Mother = Denaghter e A o o role of juvenile delinquent among human

Father — Son 0% 100% 3 o S . .

) chromosomes & rich in junk, poor in useful attributes,

Father — Daughter 50% " o 100% . A : :

ol Coanmether - Craddanghie WA - o reluctant to socialize with its neighbors and with an

Maternal Grandmother — Granddaughter N/A 100% 25% Inescap able tendenCy to deQenerate' The avallablllty

Pternal Grandiother  Grandson = toms o o of the near-complete chromosome sequence, plus

many new polymorphisms, a highly resolved
phylogeny and insights into its mutation processes,
now provide new avenues for investigating human
evolution. Y-chromosome research is growing up.

Butler, J.M. (2012) Advanced Topics in Forensic DNA Typing: Methodology, p. 457
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What has happened inthepast dec a

A Selection of core Y-STR loci (SWGDAM Jan 2003)

A fF u | khtomasome sequence became available in June 2003;
over 400 Y-STR loci identified (only ~20 in 2000)

A Commercial Y-STR kits released
i Y-PLEX-6,5:32-(2001-03), PowerPlex Y (9/03), Yfiler (12/04), PPY23 (6/12)

A Many population studies performed and online databases
generated with thousands of Y-STR haplotypes

A Forensic casework demonstrations showing value of Y-STR
testing along with court acceptance

A Some renewed interest in Y-STRs to aid familial searching

Y-STR Information

A Why the Y?

A Y-STR Loci & Kits

A Y-STR Databases

A Y-STR Stats & Interpretation Issues

A Genetic Genealogy & Familial Searching

Value of Y-Chromosome Markers

J.M. Butler (2005) Forensic DNA Typing, 2" Edition; Table 9.1

Application Advantage

Forensic casework on  Male-specific amplification (can avoid differential
sexual assault evidence extraction to separate sperm and epithelial cells)

Male children can be tied to fathers in motherless
paternity cases

Paternity testing

Missing persons Patrilineal male relatives may be used for
investigations reference samples

Human migration and Lack of recombination enables comparison of male
evolutionary studies individuals separated by large periods of time

Historical and Surnames usually retained by males; can make links
genealogical research ~ where paper trail is limited

Y-STRs can permit simplification of male DNA
identification in sexual assault cases

Female Victim No signal observed
DNA Profile

Male Perpetrator

DNA Profile A A —

DNA Profile from
Crime Scene

Autosomal STR Y-Chromosome STR
Profile Profile

Y-STRs Identify the Male Component
even with Excess Female DNA
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Disadvantages of the Y-Chromosome

A Loci are not independent of one another and
therefore rare random match probabilities cannot be
generated with the product rule; must use haplotypes
(combination of alleles observed at all tested loci)

A Paternal lineages possess the same Y-STR
haplotype (barring mutation) and thus fathers, sons,
brothers, uncles, and paternal cousins cannot be
distinguished from one another

A Not as informative as autosomal STR results

i More like addition (10 + 10 + 10 = 30) than multiplication
(10 x 10 x 10 = 1,000)
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X- and Y-Chromosomes
Recombine at Their Tips

X (A (N WEEN NN B 154Mb

" E
CEOCC N
Y 50 Mb
[ osomal Non-Ri ining P somal
Region 1 (PAR1)  Portion of Y Chromosome Region 2 (PAR2)
(NRY)

Male-specific region
of the Y (MSY)

Focus in Forensics is on the NRY
PCR primers for Y-STRs need to be carefully
designed to avoid X-chromosome homology

Various Types of Genetic Markers on the Human Y-Chromosome

Y-STRs Y-SNPs

Short Tandem Repeats Single Nucleotide Polymorphisms
— GATAGATAGATAGATA — —CGATG—
#Copies _ CG TG_

Insertion/deletions (indels)

——
Multi-state characters Binary characters

Quickly evolving (2 x 10%/gen) Slowly evolving (~10®/gen)

High resolution haplotypes Low resolution haplogroups

Slide from Alan Redd (University of Arizona) presentation at Promega Oct 2002

Y-STR Loci & Kits

History of Y-STR Marker Discovery

fMExtended Ha

1992 {DYS19)(Roe
1994 - YCAI a/b, CAlll a/b, DXYS156 (Mathias et al.)

;
1996 - EYSBSQ 1/ IQYSSQO||DY8391||DYS392|| DYSSQS (Roewer et al.)

1996 - DYF371, DYS425, DYS426 (Jobling et al.)

1997 - DYS288, DYS388 (Kayser et al.) ~ X "

1998 -(Schnelder etal) ap
1999 - A7.1 (DYS460), A7.2 (DYS461), A10, C4, H4
2000 - DYS434, DYS435, DYS436, DYS437, .
2000 - G09411 (DYS462), G10123 (de Knijff unpublished)

2001 - DYS441, DYS442 (iidaet al.)
2002 - DYS443, DYS444, DYS445 (lidaetal.); DYS446, DYS447, DYS448,
DYS449, DYS450, DYS452, DYS453, DYS454, DYS455, DYS456,

DYS458, DYS459 a/b, DYS463, DYS464 a/b/c/d (Redd et al.)

20027 DYS468-DYS596 (129 new Y STRs; Manfred Kayser GDB entries)
20037 DYS597-DYS645 (50 new Y STRs; Manfred Kayser GDB entries)

From J.M. Butler (2003) Recent developments in Y-STR and Y-SNP analysis. Forensic Sci. Rev. 15:91-111

STR Markers with Low Stutter Products Benefit
Forensic Analysis where Mixtures might be Present

YCAII a/b (dinucleotide repeat) DYS448 (hexanucleotide repeat)
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Almost no stutter observed
~50% stutter

<2% stutter

11-24 repeats 20-26 repeats
YCC gene diversity 0.908 YCC gene diversity 0.782
(Redd et al. 2002) (Redd et al. 2002)

Differences between Autosomal and Lineage Markers

Autosomal Markers
parent | Paternal Maternal Paternal Maternal Paternal Maternal
Allele Allele Allele Allele Allele Allele

Hardy-Weinberg
Offspring Genotype Genotype Genotype Equilibrium

Locus 1 Locus 2 Locus 3

Linkage Equilibrium
(product rule)

DNA Profile

Lineage Markers

Chry
e mIDNA
Uniparental
Offspring Allele Allele Allele inheritance

Locus 1 Locus 2 Locus 3

Assume linkage
and no recombination
Hap|0type (cannot use the product rule)
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Single Primer Sets Produce Multiple PCR Products

17 PCR products
15 primer sets

Characteristics of the
17 Commonly Used Y-STR Loci

DYS385 a/b Multi-Copy (Duplicated) Marker p | STR Marker Position (Mb) Repeat Motif ~ Allele Range  Mutation Rate*
2 DYS393 3.19 AGAT 8-17 0.10%
R primer R pnmer DYS456 4.33 AGAT 13-18 0.42%
f DYS458 7.93 GAAA 14-20 0.64 %
F prlmer F primer H DYs19 10.13 TAGA 10-19 0.23%
Duplicated regions are DYS391 12.61 TCTA 6-14 0.26 %
40,775 bp apart and facing DYS635 1289 TSTA 1727 0.35%
away from each other a=
DYS437 12.98 TCTR 13-17 0.12%
DYS439 13.03 AGAT 8-15 0.52%
(b) DYS389 I/l Single Region but Two PCR Products DYS389 1/l 13.12 TCTR 9-17/24-34  0.25%/0.36 %
I (because forward primers bind twice) DYS438 1338 TTTTC 614 0.03%
DYS3891  DYS389ll H DYS390 15.78 TCTR 17-28 0.21%
H H § GATA-H4 17.25 TAGA 8-13 0.24%
% Nj DYS385 a/lb 19.26 GAAA 7-28 0.21%
; s DYS392 21.04 TAT 6-20 0.04 %
B : DYS448 2278 AGAGAT 17-24 0.16 %
“Mutalion rates are from as many as 15000 meioses descrbed in a YHRD summary of 23 Jan 2011 (see

Relative positions of 17 Y-STR loci

YM*’ commonly used in ChrY testing
PAR1 .

| DYs393
[—— DYS456
P AMEL Y DYS391 has been proposed
/6\784/58/ forinclusion as a future
DYS635 CODIS core locus
centromere == ——DYS19 (D.R. Hares, FSI Genetics, 2012, 6, e52-€54)
3 ovsao DYS437
— ] DYys439
q 151 Dbvssg DYS3891/11
J——GATA-H4 DYS438
20 <—Dvs3ss5a
: DYS385b
£125] \DY3392 Core U.S. loci
g DYS448 (11 SWGDAM recommended in Jan 2003)
This region not | S
yetsequenced | =
S
2
o
o ~400 additional Y-STRs currently known
Hanson & Ballantyne, Legal Med 2006;8(2):110-20
parz @
PAR = pseud l region with

Recent Developments with Y-STR Typing

A Promega Corporation plans to release PowerPlex Y23
(23 loci) in June 2012 which will enable further resolution
of Y-STR haplotypes

i Population databases will need to be developed with the new
extended haplotypes

A ManfredK a y s group bas developed a set of rapidly
mutating (RM) Y-STR loci that have the capability to
resolve fathers and sons in many instances
i Aninternational collaboration is currently on-going to study these

RM Y-STRs in more detail (14 RM Y-STRs in 3 multiplexes)

Forensic Science Internatioml 129 2002) 10-24

A novel multiplex for simultancous amplification
of 20 Y chromosome STR markers

The Manly-plex

John M. Buter*", Richard Schoske™", Peter M. Vallone®, M:
Alan J. Redd®, Michael F. Hammer®
“Biotechnalogy Division, National dnstitute of Standards and Technoiogy. 100 Buj

Mail Stop 8311, Gaithersburg, MD 20899,
"Deparmment of Chemistry. American University, Wish .
“Division of Biotechnolo iversity of . a Tucson, AZ 85721, Uf

Received 2 Februury 2002: uecepied & May 2002
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A few minor primer
modifications with
some loci

DYS385a/b
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Current CommerCIal Y'STR Klts (Loci, Dye Colors, Size Ranges) # times
PowerPlex Y haplotype 9 With the 9 loci
(a) obsened  MHL of the minimal
ool ! LI ! L T 1 1 429 haplotype
200 by 300 by 400 by
00 i i ’ 2 36 T 429 of the 656 had a (MHL) run on
FLlovwn [ovswel (YS! [YSHO g uye coirs 3 uniquehaplotypewiththe | ©2SihnCe
12-plex PCR i
sjor  |ovssss|  [Dvsar] | ovsts | [ovsssz APPC 5 3 MHL loci, 34 sample had the most
6 1 haplotypes were observed | commontype
TMR DYS393 DYS390 DYS385a/b . .
7 1 twice in the sample set, 13
Boxed loci are additional
loci beyond SWGDAM- 8 1 sample haplotypes were
. recommended 11 loci 9 2 .
®) AmpFISTR Yfiler ® observed three times, etc.
I 1 1 1 1 1 1 1 1 1 1 1 1 )
100 bp 200 bp 300 bp 400 bp 1; 1
oeav  [Dvsase] ovsssel  Dvsaso  Dvssedn o 2 1 /
IGTSSEEGIN  17'ex PR -
vie [ovsise] ovsio 2 1
: NED DYS393  DYS391  DYS439 DYS392 HD  0.996644
%DC  0.748476 Total = 656
- [ [ossr] ovsss [ovsas | AHT 491 samples
# times
haplotype  © u 2w With the 17 Power Pl ex Y23 has
obsered MHL SWGDAM PPY Yfiler loci in Yfiler
1 429 486 505 626 across the 656 Ml s (1200 o O] o O s DT e D)
2 34 33 34 12 / samples, there ?
3 13 10 14 2 are 626 unique L
4 4 6 3 X haplotypes, 12 B a ELEEELL] HieEE @l
5 3 1 2 haplotypes [R] ==
6 1 1 that were —— Ovssas =T Dvsss T ovease T OYSTE L L
. observed
7 1 2 1 twice and 2 LR UL
8 1 haplotypes
9 2 that were -
10 . 1 . . observed SN yg57o EESSSRENSS oyggys SSSEEND yggg) SSSEMNT pygge SSSEED nyggg, SN pygasy S
11 1 . . . three times o
L T R T e e v |
12 . 1 Fa iy e R Shibhiinttoabtint ot
13 1 . =
15 . 1 v *
2% 1 ] ) A WIS DYS393 EESIEMNN DYSqSS SESSNMESNN DYS385a b SSSSSSSSMEEN DYS4S6 SESNEME Y-GATA-H4 B
HD  0.996644 0.998529 0.999064 0.999916 |
Zna‘cl_: 07:::?76 0852::?95 08:63(?59 022361 TOtaI =|656 . HEFHOEEHOEER FEEECEEEEAHEHECE 6§ HEOHOEPHEERENEEE RS DEHREEEEE D88 d BEHEERAHNE
samples

Improved Allelic Ladder Coverage

Yfiler
DYS456 Y-GATA-H4
‘
17

PowerPlex Y23

DYS456 Y-GATA-H4

Excellent Sensitivity

Mixture of 125pg Male + 400ng Female
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Excellent Sensitivity
Mixture of 62.5pg Male + 400ng Female
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AS of Jan 6, 2012

On-line Y-STR Population Databases

YHRD has >100,000 haplotypes

Launched Launched
Feb 2000 Dec 2007
http:/lwww.yhrd.org http://lwww.usystrdatabase.org
Release 38 pec0, 2011 Release 2.6 Janz 2012
750 Populations (109 countries) Focus is on U.S. samples
,,,,,,,,,,,,,,, 99881 samples
90084 samples 6998 Caucasian (s, Canad, Europe)
6301 African American
3429 Hispanic
o o | 1008 Asian (crinese, Fipino, Orenal, 5. incian viewamese)
8 11 SWGDAM | 70997 samples @ | 983 Native American (apache, Navaj, Stoshone, Siow)
T T T T BT T T € 2
8 ®
a a
T T T ) T S - £ 12 PPY | 51454 faTP‘BS < ﬂéé@iﬂ}:ﬁim
£ 3.3x larger £ X endel
= g T : 2 | Release 39 g samples typed
lease note: The database size wil vary based on the loci you have entered S -
E [ 7-loci: 101,055 17 Yfiler 30339 samples £ with PPY
DYS3%0, DYS391, DY 393) 101055 haplotypes & L 8
plotypes * * 18719
9) 72171 hapl samples
2 'wes\p lotypes 12-loci: 52,628 ‘ 11 SWGDAM
YS458, DYS635, YGATAH4) 40987 haplotypes 17-loci: 40,987 12Ppy| 15395 samples
8548 samples
Y-SNP: "
; 23-loci: 642 from NIST PPY23] 17 Yiiler ‘
+ 124 Y-SNP branches (defined by 134 Y-SNP markers T T 1T T
+ 9039 haplotypes w NP information
#Loci in Haplotype #Loci in Haplotype

Population Data Publications Describing Handlin ; ;
P g Hanaiing US YSTR Contributions
of Y-STR and mtDNA Haplotype Information
Contributor to US YSTR
= — A The leading forensic Applied Biosystems (inciudes unthsc, 6,159 33%
Forensic Science International: Genetics . journals require Y-STR Promega 3,800 20%
 E— and mtDNA population ReliaGene 3,037 16%
Publication of population data for forensic purposes ‘ data to be reviewed by University of Arizona 2,462 13%
Carracedo, A, Butler, M., Gusmao, L., Parson, W., Roewer, L., Schneider, P.M. (2010) and submitted to NCFS (University of Central Florida) 2,440 13%
Editota: Publcaion o population data or forensi purposes. Forensic Sc. In. Genet e
YHRD and EMPOP lllinois State Police 398 2.1%
Santa Clara Co. CA Crime Lab 143 0.6%
Marshall University 113 0.6%
Publication of population data of lnearly inherited DNA Wa.shington State Patrol Crime Lab 40 0.2%
markers in the International Journal of Legal Medicine San Di e go S h e Crinfefab s 39 0.2%
et re bt e CADOJ 32 0.2%
Parson, W., Roewer, L. (2010) Publication of populaton dataof ey inherted DNA
markers in the Intemational Journal of Legal Medicine. Int. J. Legal Med. 124: 505-509 Orange County CA Coroner 30 0.2%
Ri chl and County Sher 7 0.04%
Release 2.6 (Jan 3, 2012) 18,719  854817-locus profiles
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http://wwwe. comly
Population I Applled BIOSyStemS
African American 1932 St'" maintains |tS
- - Yfiler database
Caucasian 4114
Y-STR Stats
Filipino 105
& Interpretation Issues
Malay 579
Native American 105 - — =
Sub-saharan African 59 [ == :. ==
Thai 246 '_.‘
Al 11393
New Lineage Marker Interpretation Information

Cantants lists svsilable st ScisacsDirect

Forensic Science International: Genetics

Cantents lists available ot SciemceDirect

journsl homepage: www.slsevisr.com/locataifsig

Forensic Science International: Genetics

journal homepage: www.elsevier.cam/locate/fsig

Fundamental problem of forensic mathematics—The evidential value of a rare
haplotype

b The interpretation of lineage markers in forensic DNA testing
Charles H. Brenner " )

Health, Forense Scence G, U, Berete. Bevkeiy. A Unie taes 15. Buckleton ®, M. Krawczak®, B.S. Weir®
1 Thorshil Drve, Dkl CA S4616- 135, Unied Sates S

L 5 s

AThe fundamental question t
i

s i g ni yotaaraitdirking suspect to crime is not one This article reviews and discusses a number of highly relevant topics:
of frequency but of probability: What is the probability for A Normal vs. binomial (Clopper-Pearson) sampling distributions
such a match to happen by coincidence 2 Ilhe‘;,°°”e°“‘l’1”5| ypes (Charles B b
: . andling rare haplotypes (Charles Brenner approacl
when the suspect rs hn A Combination of lineage and autosomal markers
Current (2009) SWGDAM ]
Y-STR Interpretation Guidelines Results of Y-STR Profile Search
The following profile was searched on 15 January 2011 against several databases:
AApproved ‘]U|y 15, 2008 by SWGDAM DYS19 (14), DYS389I (13), DYS398II (29), DYS390 (24), DYS391 (11), DYS392
A Published in Forensic Sci. Comm. Jan 2009 issue (13), DYS393 (13), DYS385 a/b (11,15), DYS438 (12), DYS439 (13), DYS437 (15),

DYS448 (19), DYS456 (17), DYS458 (18), DYS635 (23), and GATA-H4 (12).

Forensic Science Communications s 2005 Voluma 1—Hamoac Minimal

e . SWGDAM | PowerPlex Y Yfiler 3/N for zero
haplot - 8 - A
Y-chromosome Short Tandem Repeat Database ?g Iz;})je (11loci) (12loci) (17 loci) observations
(Y-STR) Interpretation Guidelines
Sclnic Working Goupan N Al lthds (SGOAU VHRD | 403/89804 | 29/62548 | 14/42277 | 0/30300 | 3/30300
o ) =0.45% =0.046 % | =0.033 % |=<0.0033 % | =0.0099 %

Introduction US Y-STR 6/18547 1/18547 1/15223 0/8376 3/8376

B A =0032% | =0.0054 % |=0.0066 % | =<0.012% | =0.036 %
oxpenie ot every Situaton e orshowl be cosred by 3 peset i 15
i Yfiler 64/11393 | 4/11393 | 4/11393 | 0/11393 | 3/11393
Gl :}]kely bte ugldated SF?(m to reflect , database | =056% | =0.035% | =0.035% |=<0.00889%| =0.026%
change to Clopper-Pe ar son é

http:/www.fbi.gov/about-us/lab/forensic-science-communications/fsc/jan2009/standards/2009_01_standards01.htm,
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Bller (2011) Advanced Topics I Forensic DNA Typing: Methodology, DA Box 132

Normal vs. Clopper-Pearson

In March 2010 the US Y-STR database changed its 95 % confidence interval

calculations to the Clopper-Pearson method.
Frequenc Normal Clopper-Pearson
Count values q_ WN Y| 959 confidence | 95 % confidence
p= interval interval*
YHRD 9 loci:
0 0 0
403/39804 0.449 % 0.485 % 0.487 %
YHRD 12 loci:
0, 0 0
14142277 0.0331 % 0.0477 % 0.0518 %
US Y-STR 12 loci:
0,
1/15223 0.0657 %
ulation performed with HaploCALc_1.0 Excel spreadsheet kindly provided by Steven P,

Note that with a large number of observations, such as 403 out of a database of 89804, there
is almost no difference between the normal and Clopper-Pearson approaches. However, the
normal method is less conservative (i.e., provides a more rare frequency) when the haplotype
frequency is low, such as 1 out of 15223 or even 14 out of 42277. Although there are
differences in these calculations, re-evaluation by the Clopper-Pearson method will not
suddenly change a reported result by orders of magnitude or likely change the outcome of a
report significantly.

DYS448 Triplication
Seen in Both Father and Son

T T T T T T T T T T T
2 e w0 a0 aw w0 m0 o am
[ voamam | [ ovear ][ DYsa ] [ D3 ]

S Demonstrates full inheritance of this Y-STR locus triplication
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DYS389I, DYS389Il, DYS439 Deletions
Seen in Both Father and Son

Yfiler data

w0 ko we | we a0 e sdo e o o AR PR Y
Dvsass Dvsasl [z [T

I ¥ adder_Fun 215753 7 tus Tt 253 7 velow Tadter

| [ e 70 Svason ] ——
a0
Father Father an Father
[}
a0
Son Son Fzm m Son
] ]
DYS3891 DYS389ll DYS439

Full inheritance of these Y-STR locus deletions

Duplication at Multiple Loci with

i Y-chromosome mappin
Single-Source Sample 1° mapping

¥ STR Marker Position [Vb)
PowerPlex Y data 13413
DYS3891 DYS439  DYS389ll = 2o
AR AR . £ DYS437 13778
i Dvs43s 1307
DYS439 12828
l DYS389 Il 1
1| L DYS388 1405
(i) o D442 wort |
5] DY5438 14 248 |
A P T N N NP N NN : )
JICTECTENN [ N—TETR—| orie Entire region of Y-

e

chromosome has
likely been duplicated

and then diverged

l, I !
[i2] \-é‘ [ic] [ici]

[T

Most duplications

Fg have a single
0 repeat spread in

= i) allele patterns

Butler et al. (2005) Chromosomal duplications along the Y-chromosome and their potential impact on Y-STR interpretation J. Forensic Sci. 50(4): 853-859

Duplication and Divergence Model

Locus #dup* >1 repeat
DYS19 23 2
DYS389I 5 0
4 DYS389ll 9 2
DYS390 1 0
duplication = DYS391 3 1
- T DYS392 0 0
p i DYS393 3 0
DYS385a/b 17 0

*from www.yhrd.org, literature, and our work

divergence 1 repeat unit

Since single-step mutations are most common, then
single repeat spacing in duplicated alleles is expected

Butler et a. (2005) Chromosomal duplications along the Y-chromosome and their potential impact on Y-STR interpretation J. Forensic Sci. 50(4): 853-859

Deciphering between a Mixture of Multiple
Males and Locus Duplication

A Note the number of loci containing >1 allele
(other than multi-copy DYS385)

A Consider relative position on the Y-
chromosome if multiple loci have two alleles

A See if repeat spread is >1 repeat unit
A Examine DYS385 for presence of >2 alleles

Locus duplication along the Y-chromosome is in many ways analogous to
heteroplasmy in mitochondrial DNA, which depending on the circumstances
can provide greater strength to a match between two DNA samples.

Butler et al. (2005) Chromosomal duplications along the Y-chromosome and their potential impact on Y-STR interpretation J. Forensic Sci. 50(4): 853-859
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Sample PC0149 with Yfiler
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PC0149 with Additional Y-STRs
One of the closest available loci fails

IR w 0 0 s m 0
o B 21,572,734 NED

el FAM vic DYS534 NED

| DYS643 DYS557 DYS444

1 !

501 ED3_PCO149Z_Run_3100_1495 027 2005-01-14_1... [ 56 :E03 PCO149Z_Run_3100_1485_027_2005.01-14.1.
CIE &Y E13_PCO1492_Run_3100_1465_037_2005-01-14_1 R : ED3_PCO148Z_Run_3100_1465_027_2006-01-14_1

1500 FAM
| DYS556 vic NED
&0 NED DYS594 DYS449
ao] DYS485

0 1

O - FU5_PCO144_Run_3100_1468 a7 _E005-01-14 1. I 65 F3_PCOIAX_fun_3100_1488_0i7_2003-01-14_1
DI o FOS_PCO1SX_Run 31001408057 _2005.01-14_1 OF £ FO3_PCO149X_Run 31001456 _027_2006-01-14_1

DYS556 ~32,000 bp away from DY S392nsssing
DYS557 ~600,000 bp away from DYS392 is present

Practical Information on Y Deletions

A 1f DYS458 is deleted in Yfiler, then your sample
is likely to lack an Amelogenin Y amplicon as
DYS458 and AMEL Y are 1.13 Mb apart on the
short arm of the human Y-chromosome
i Chang et al. (2007) Forensic Sci. Int. 166: 115-120

A Many Y-chromosomes are more complicated
than originally thought!

Y-STR Summary

A Mutation rates are similar to autosomal STRs (~0.2%) i
based on father-son studies

A Variant alleles are observed as in autosomal STRs due
to flanking region mutations, etc.

A Regions of the Y-chromosome can be duplicated or
deleted causing Y-STRs to be duplicated or deleted

A Careful primer design is important to avoid X-
chromosome homology or Y-chromosome duplications

Standardization is Critical
for Success and Data Sharing

Core Y-STR loci

Consistent allele nomenclature

Commercially available Y-STR kits

Accessible, searchable population
databases for haplotype frequency
estimations

Interpretation guidelines

SWGDAM Y-STR Committee selected
11-loci in January 2003

NIST SRM 2395 (2003); kit allelic
ladders; ISFG (2006) and NIST (2008)
publications

Early ReliaGene kits (2001-2003);
PowerPlex Y (2003) and Yfiler (2004)
PowerPlex Y23 (2012)

YHRD (72,171 11-locus haplotypes from
750 worldwide populations)

US YSTR (18,719 11-locus haplotypes
from primarily U.S. population groups)
SWGDAM Y-STR Interpretation
Guidelines published in January 2009
(will likely be revised soon)

Predictions for the Future of Y-STR
Analysis

A Continued use with casework (with excess female DNA)

A Improved frequency estimates with growing Y-STR databases

i YHRD now at 70,997 11-locus profiles (39,339 Yfiler)
T USYSTRhas 18,719 11-locus profiles (8,548 Yfiler)

A Use with familial searching to eliminate false positives

i Myers, S.P. et al. (2011) FSI Genetics 5(5): 493-5001 describes CA DOJ familial searching

A New Y-STR kits with additional loci

i Atthe ISHI meeting, Promega announced a Y-STR 23plex was being developed
i Willtake time though to grow large population databases that cover all of the new loci

A Use of fast mutating loci to help resolve paternal lineages (e.g., to separate

brothers or father/son haplotypes)
i Ballantyne, K.N. et al. (2010) Am J Hum Genet 87(3): 341-353
i Ballantyne, K.N. et al. (2012) FSI Genetics (in press)

profiles using on-line genetic genealogy information

In some cases, being able to put a lineage name to an unknown Y-STR
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Yfiler Result (17 Y-STRs)
from a Single-Source Male of European Ancestry

[BDYsi | BOVSST | BDOVS®0 | BOVEMO ]
T w T @ @ m @m0 w0

‘Allele calls and peak heights
are shown under each peak

10) Fundamer

Haplotyp
303 agsab 438 a7 ws 4s 48 63

02 439 Ha
137 137 11-157 127 137 157 197 177 187 2371 12

DYS19 3891 389l 390 391

147 137 297 247 117

Results of a Genetic Genealogy Search
with an fAunknownidYfilermdi i | e

e i | o T e : 17 of 20 full matches
] are AButlersdg
Pt F Ot her 3 are Butlers
- b (adoption or other happenings in the gene pool of the past!)
o : www. Ysearch.org
e s Search conducted Jan 5, 2012
un‘ o 104,015 Records
o 80,143 Different Haplotypes
4 74,907 Surnames
:: j Currently larger than YHRD i
but serves a different purpose

cied Jan 5. 20

YHRD.0rg

YHRD Search Results (with 17 loci)

I G EMC G G [ SR

 All Metapopulation: Found 0 of 39339 matching haplotypes [/=0 (35% CI: 0 — 9.377 x 10%)]in 0 of 263 populations.
i ion: Found 0 of 16455 matching haplotypes [#=0 (95% CI- 0 -2 387 x 10)]in 0 of 113 populations
»East Asian Metapopulation: Found 0 of 12522 matching haplotypes [£=0 (95% CI. 0 — 2.945 = 10)]in 0 of 63 populations
» Australian Aboriginal Metapopulation: Found 0 of 766 matching haplotypss [/<0 (35% CI 0 — 4.804 = 10%)]in 0 of 1 populations
» African Found 0 of 1533 {0 (95% CI: 0 — 2.403 x 10} in 0 of 10 populations.
»Native American Metapopulation: Found 0 of 384 matching haplotypes [f=0 (95% C1: 0 - 9.56 = 107 in 0 of 9 populations
0 of 2 populations
in 0 of 20 populations
in 0 of 45 populations

0
* Afro-Asiatic Metapopulation: Found 0 of 1636 matching haplotypes [/=0 (35% CI: 0~ 2252« 1
 Admixed Metapopulation: Found 0 of 6742 matching haplotypes [£=0 (35% CL 0 - 5.47 = 10

Geographical projec

0 matches found in 39,339 Yfiler profiles searched
from 263 populations worldwide

With 95% confidence interval
43/n = 3/139n33Rind3A0B0 &

Primary Steps Involved:
1- Generate profile (Y or mtDNA)
&G esaon s Summary of Issues

3- Report frequency estimate (with adjustment?)

Want good quality data
going into database
population
studies Real-World

Population Variation
o1

Can d correction help with

sequence " this sampling issue?
conolregion (o difference Online
miGenome?  from reference) Population
Forensic Y-STR Database
Sample Profile
PPy
Yiier

| [whatthe court

- wants to
%% Haplotype Frequency
Estimate

(of lineage not the individual)

Genetic Genealogy

Familial Searching

Trying to connect
close male relatives

FamilyTree DNA tests 111 Y-STR Markers for Genetic Genealogy

Panel #  STRMarker Panel #  SIRMarker Panel # ‘STRMarker Panel ¢  STRMarker
rarvow 1 Psvowme S DYSR1 | mestroweiy @ DYSTIO | pmasgowsi % DYSTIS
rmaioow 2 Paisovonsn 3 DYSSTS | rawstrowesn) @ DYSS | pwesoowe 9 DYSS04
rviown 3 Puwis (oMY 4041 DYFIRSSIaG Paws(row) 0 DYSS | pmesyowsii 10 DYSSIS
N Psvowmen 42 DY | mawstvowesiy 71 DYSSS | pmasgowsay 101 DYSSSL
R Pt ovonsn 15 DYSST | mawstrowsi T2 DYSSIO | pmesowesin 12 DYSES2
Pmioowin 7 DYSZD | Paescowie) 4 DYSL | mwstowsnn T DYSTI4 | Pees(rowmin 103 DYSTZS
eweiow 8 DYS®E | maavowsen 5 DYSS2 | edstowssuy 74 DYSTIS | rssowsi 104
. Pawit(ovonan 46 DYFAOGSI | pams(rowesi 75 DYSTIT | pmesivowesn 105 DYSST
Pt oD 10 Pumaowsen &1 DYSSIL | Pwestoweenn 76 DYSSS | ewssowsi 106 | DYSSA3
O rioven 8 DYS25 | pemstrowem) T DYSS6 | peesowen 107 DYSIT
i 12 Pawis (oY 4950 DYSHISaD | Pams(rovs) 75 DYSSIS | pmas om0 DYSSI0
Pz o 13 Pumaowen 51 DYSSST | Pwestoweenn 79 DYSSS | ewssoowsis 109 DYSE
Pz (o) 1635 DYSARAD | raeisowmen 52 OYSES | ras(owesnn 80 DYSR2 | rews(owmim) 1O DYSIL
Pi(owIsE 16 DYSISS | paeiscownen 55 DYS% | estowesnn 51 DYSIH | Pewsowmim w1 DYSIS
Peitowism 7 DYSS | rascowsen S DYSH0 | mamsciowsei 52 | DYSS
razows: 8 DYSMT | ramistowsen 55 DYSH | rus(roweonn 55 DYS%

Pz o 19 Pt townen 56 DYSIS0 | mamstroween) 84 DYSSTS
Pz o 20 Pumavowsen 51 DYsue | peastoweny &  DYSES
Pz 2 DYSHS | ramistowsen 55 DYSEBL | rscoweenn 5 DYSIS2
a2 (o) 2225 DYSHBAbCd PamisOWRG) 55 DYSS20 | Pamstiowge) 67 DYSHS2
Pu3ows) %5 DYSID | rasaowmen 8 DYSMG | aeisiowisiy 8 DYSMS
vawis oy 77 R s oo 5 OYSGT | rawis owenn 59 YOATAALD
a3 (oM 2829 YCANwb | Pawisownen 52 DYSS6S | Pums(iowgern) S0 DYSHSS
[ rasvoven 65 DYSIT | pemstroveornn 51 OYSHL
s (o) S DYSGOT | pamisownen o4 DYSST2 | eas (coweerin 52 Y-GGAAT-1807
Pestown % DYSSTS | rasvowsne) 55 DYSS0 | mwmstowenm) 85 DYSES
Pusowss) 3 DYSSTO | rweavowmen 6 DYSIS2 | aeistowsiy %4 DYSTIZ
Pas (oW 35 COYaD | palivowsen G DYSSGS | Pwesciowmm 5 DYSS
e Pas ow i) 56 DYSES0
s w57 Pamswowsin @ DYSE2

in PowerPlex Y23 loci

Provides coverage of 17 Yfiler loci and
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Expected Number of Y-STR Differences with Various Levels of
Relatedness Between Tested Males

12loci  25loci 37loci 67 loci 111 loci

Very Tightly
Related N/A N/A 0
Tightly
Related N/A N/A 1
Related 0 01 23
Probably
Related 2 4
Only Possibly 3 5
Related
Not Related 3 4 6

From hitp://www.familytreedna.com

12 12

34 35

5-6  6-

4

Interpretation

Your exact match means your relatedness is extremely close.

le achieve this close level of a match. All confidence
levels are wel within the time frame that sumanmes were adopted
in Western Europe.

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

Your degree of matching is within the range of most well
established sumame lineages in Western Europe. If you have
tested with the Y-DNAL2 or Y-DNAZS test, you should consider
upgradingto additional STR markers. Doing so wil improve your
time to common ancestor calculations.

Without addiional evidence, tis unlikely that you share a
common ancestor in recent genealogical fimes (1106
generations). You may have a connection in more 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 o disprove the
connection,

Itis unlikely that you share a common ancestor in genealogical
times (1 to 15 generations). Should you have traditional

enealogy records that indicate a relationship, then by lestin
7 g.10 genedow P, y testing

I individuals you will either prove or disprove the
connection. A careful review of your genealogical records s also
recommended

Vou are not elated o your Y-chromosome lineage wili fecent
>7  >10 % -

or distant genealogical times (1 to 15 generations)

If two men share a surname, how should the genetic
distance at 25 Y-chromosome STR markers be interpreted?

Genetic Distance

Relationship Interpretation

A perfect 25/25 match between two men who share a surname
(or variant) means they likely share a common male ancestor
within the genealogical time frame. The probability of a close

relationship is very high.

Related

A 24/25 match between two men who share a surname (or
variant) means they likely share a common male ancestor within
the genealogical time frame.

Related
For most closely related and same surnamed individuals, the mismatch
markers are often DYS439, DYS385, DYS389i, DYS389ii, DYS458,
DYS459, DYS449, and DYS464 which have shown themselves to move
most rapidly.

A 23/25 match between two men who share a surname (or
variant) means they may share a common male ancestor within
the genealogical time frame. The probability of a relationship is
good. However, your results show mutations and therefore more
Probably time between you and the other same surnamed person.
Related
For most closely related and same surnamed individuals, the mismatch

markers are often DYS439, DYS385, DYS389i, DYS389ii, DYS458,
DYS459, DYS449, and DYS464 which have shown themselves to move
most rapidly.

From hitp://www.familytreedna.com

If two men share a surname, how should the genetic
distance at 111 Y-chromosome STR markers be interpreted?

Genetic

D ey Relationship

Interpretation

Related in This Number of Generations
or LESS

Confidence

50% | 90% | 95% | 99%

Very Tightly
Related

A 111/111 match indicates a very close or

immediate relationship. Most exact
matches are 3rd cousins or closer, and 2 4 5 6
over half are related within two generations
(1st cousins).

Tightly
Related

A 110/111 match indicates a close
relationship. Most one-off matches are 5th
or more recent cousins, and over half are 3 6 7 9
2nd cousins or closer.

Tightly
Related

A 109/111 match indicates a close

relationship. Most matches are 7th cousins| 8 9 1

or closer, and over half are 4th or more
recent cousins.

3 Related

A 108/111 match indicates a genealogical
relationship. Most matches at this level are
related s 9th cousins or closer, and over
nalf will be 5th or more recent cousins. Thisy  © | 10 | 11| 14
is well within the range of traditional

genealogy.

From http://www.familytreedna.com

Rapidly Mutating
(RM) Y-STRs

Trying to separate
close male relatives

Mutations Seen in 100 African American Father-Son
Pairs

Ethnicity ‘ Sample locus ‘ (anI‘IEI:I) ‘ (/z‘rl‘?:) ‘ Comments
African American 658 Y GATA H4 u 9 loss of 2 repeats
African American 468 DYS3891 and DYS389ll 14,30 13,29 loss of 1 repeat
African American 588 DYS3891 and DYS389I1 14,32 15,33 gain of 1 repeat
African American 188 DYS390 24 23 loss of 1 repeat
African American 90B DYS456 15 16 gain of 1 repeat
African American 16B DYS458 18 19 ] gain of 1 repeat
African American 398 DYS458 18 19 gain of 1 repeat
African American 168 DYS635 23 22 ] loss of 1 repeat
African American 478 DYS635 22 23 gain of 1 repeat
African American 72B DYS635 22 23 gain of 1 repeat
African American 228 DYS448 19,20 19,20 Duplication
African American 728 DYS448 19,20 19,20 Duplication
African American 97B DYsS448 17.2,19,20 17.2,19,20 Triplication *
African American 33B DYS3891 and DYS389ll Deletion *
Aftican American 338 DYS439 Deletion *
Mutations in both DYS458 and DYS635 were observed in father and son 16B

Rapidly Mutating Y-STRs for Separating Male Relatives

Locus (average
mutation rate)

DYS449 (1.2%)

DYS518

FRIGEN-744 No.of Puge 11

Contants lints avetatia o ScisncaDimet
Forensic Science International: Genetics

journsl homapage: www.else:

omilacataitaig

1.8%)
2.4%)

1.4%);

1.2%);

DYS627 (1.2%;

o
<
1]
a
B
=]
EEREERER
N
S

Arwin Ralf*, Mark Ver

A new future of forensic Y-chromosome analysis: Rapidly mutating Y-STRs for
differentiating male relatives and paternal lineages

)
)
)
1.4%) |Kaye N. Ballantyne
)
)

2, Victoria Keer| 1, Andreas Wollstein®®, Ying Choi, Sofia B. Zuniga®
len*, Peter de Knijff*, Manfred Kayser*

DYF387S1 (1.6%)
DYF399S1 (7.7%)

DYF404S1 (1.3%)
DYS526 a/b (1.3%)

DYF403S1 a/b (3.1/1.2%)

DYS458 (0.64%) is highest in Yfiler
loci where average is ~0.2%

mber 10,2010 ARTICLE

-an Journal of Human Genetics 87, 3411 353,

Mutability of Y-Chromosomal Microsatellites:
Rates, Characteristics, Molecular Bases,
and Forensic Implications

Hans Knoblauch
Jirgen Henke

1 Rudiger Lossig
Manohar . Furt
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RM_Multiplex01

DYS576 DYF399S1
l Adk

&l

DYF387S1 l l

RM Y-STR Father-Son Mutations

DYS570 is present in PowerPlex Y23

Father = 15

Father = 15

AN

DY5570J

A.

Son =16

NIST Father/Son

NIST Fath
ST Father/Son AA sample 88

AA sample 79

Statistical Calculations

Statistical Calculations on Y-STR Data

A Locus (gene) Diversity = (n/n-l)(l - Zplz) where n is the number
of samples in the dataset and p; is the frequency of the it allele

A Haplotype Diversity (HD) = (n/n-1)(1 - £p;?) where n is the
number of samples in the dataset and p; is the frequency of the it
haplotype

A Random Match Probability (RMP) =1 - HD

A Discrimination Capacity (DC) i total number of observed haplotypes
divided by the total number of individuals in the dataset

A Unique Haplotypes (UH) i number of haplotypes that occur only once
in the dataset

Calculating Gene (STR) Diversity

Locus | Allele} Size Range (bp) Count [Combined Freq (N = 661

DYS463] 17 222.45 1 0.0015
18 | 227.34-227.44 27, 0.0408
19 | 232.30-232.39 7 0.0106
20 | 237.24-237.44 151] 0.2284
21 | 242.21-242.41 67, 0.1014
22 | 247.12-247.40 74 0.1120
23 | 252.13-252.33 35 0.0530
24 | 257.05-257.49 256 0.3873
25 | 262.01-262.26 37 0.0560
26 | 267.05-267.21 5 0.0076
28 277.22 1] 0.0015

failure 2

STRd
661 7684

D = (n/n-1)(1 - £ x?)

r

TOTAL

Haplotype Diversity

A is a measure of the uniqueness of a particular
haplotype in a given population

H=-" ¢ Y a?)
N-1 "t

\

/ Relative frequency

Population size

12
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. .. . . o
Discrimination Capacity ° 0L, ) o o 0%  ltpe=100%
Marker X
00 © o _ M Je e
. . o~ 09 o ©®
A is a measure of the number of unique 0o 0©° e®® N
haplotypes in a given population
N =100 N
]
. = (-
#H Haplotypes N-1 S
Population size DC - 1/100 - 001
o e ©® o o ®
O o OO e o o 4 types = 25% O o OO ® o o 100 types = 0%
o OO Marker X o OO Marker X
[N o o o o o
°0J0 o ) °°0 o
o [ 2N ]
oo o° ® oo 0° °
N =100 N N =100 N
] ]
H=__—(1- 2 H=__" _(1— T2
Nfl( ; i) Nflt ; i)
# times
haplotype
cosened ML SWODAMM EBY  viler ALY Hap'otype ACknOWIedgmentS
5 5 3 @ = - Diversity (HD) vs.
i 143 160 134 : . y ( ) NI_’ Funding from interagency agreements 2008-13-R-029 (and
5 3 1 2 . . Discrimination [National  previously 1999 & 2003) between the National Institute of
g i ; i s g . oPiste  Justice and the NIST Office of Law Enforcement Standards
L L Capacity (DC)
5 : 1 . . . NIST Past and Present Team Members: NIST
b * : : : : Amy Decker, Richard Schoske, Christian Ruitberg, Jill Appleby,
13 1 HD = (N/N-1)(1 - X x?) Mike Coble, Becky Hill, Margaret Kline, Peter Vallone, Dave Duewer
14 . . . .
15 1
g ) . ) . x = frequency of each haplotype Past Collaborators:
19 Mike Hammer, Alan Redd, Tom Reid,
2 : : : : ISFG DNA Commission, SWGDAM Y-STR Committee
a : . DC = (#HT)/IN
23 . . . .
24
o 1 . . . . http://www.cstl.nist.gov/biotech/strbasely_strs.htm
HD 0.996644 0.998529 0.999064 0.999916 0.999991
DC 0748476 0.824695 0.853659 097561 0.996951| N = 656 http://www.cstl.nist.gov/biotech/strbase/YmtDNAworkshop.htm
#HT 491 541 560 640 654
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X-Chromosome
Markers

Applications of X-Chromosome Analysis

A Complex kinship cases involving at least one female

A Disputed paternity to a daughter (especially in
motherless cases)

A Half-sister testing where the father is the common
relative

A Grandparentd grandchild comparisons

A Paternity testing in incest cases

Xa Xa XaXg

Xa

XA
Xa Xa Xpor Xg
Xa Deficiency cases
Paternal grandmother-
granddaughter
XA
XA XA

Half-sisters testing

PCR product sizes (bp)

T T T T T T T T T T T T T
100 bp 200 bp 300 bp 400 bp
A DXS10103  DXS8378 DXS7132 DXS10134
DXS10074 DXS10101 DXS10135
DXS7423 DXS10146 DXS10079
HPRTB DXS10148

Investigator Argus X-12 Kit

X-STR Summary

A ChrX analysis has potential forensic and human identity
testing applications due to its inheritance pattern
compared to other genetic markers

A As with the rest of the human genome, STR markers are
prevalent along the X-chromosome with comparable
density to autosomal STRs

A Anumber of X-STR assays and kits are available

A Population studies are regularly published with X-STR
data

14
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Mitochondrial DNA
(MtDNA)

Why Mitochondrial DNA?

A Mitochondria are organelles within cells

1 P