Basic Principles of Forensic
Molecular Biology and
Genetics
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Y-Chromosome
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Inspiration Comes Easier to Some
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Cambridge, 1953. Shortly before discovering the structure of DNA,
Watson and Crick, depressed by their lack of progress, visit the local pub.




Human Genome

s Size: 3200 Mb

e 5% coding, 50% repeat sequences

s Sequence coverage: > 94 % represented in
combined high quality finished sequence in
publicly available databases (>99 % of
euchromatic portion)

e Gaps heterochromatic ~200 Mb and euchromatic
~24.4 Mb

= Chromosome sizes:
e autosomes: 279 Mb (#1) to 45 Mb (#21)
e sex chromosomes: 163 Mb (X), 60 Mb (Y)



human
chromosome

complement
(haploid)

chromosome size
(Mb)
Genome = 3289
Y =60 (1.8 %)
X =163 (5%)




Function of Y Chromosome?

= Aneuploidies for the X and Y

o 47, XXY (Klinefelter synd.) > males
= 48, XXXY; 49, XXXXY; 50, XXXXXY = males

e 45 XO (Turner synd.) > females

o 47, XXX (triple-X karyotype)-> ‘normal’
female

e 47, XYY karyotype - 'normal’ male
s Sex Reversed Humans

o XY = female (Y minus TDF)
o XX 2 male (X plus TDF)



Sex Determination in Mammals

SRY gene

v

H-Y Antigen

v

Testes development in fetus

&«

Testosterone Mullerian Inhibiting Factor

HEM‘EE +
DHT \ Miillerian duct atrophies
v

external male genitalia internal male organs
sexual dimorphic nucleus
male behavior

Female system is
always the default




Classic View of Y-Chromosome

Pseudoautosomal re?inn
(PAR

e TDF master gene

euchromatin

epatrilineal inheritance
e NO recombination in NRY
e recombination in PAR

heterochromatin e junk-rich, gene poor
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Y Chromosome NRY is a Mosaic of
Discrete Sequence Classes

Male-specific region ———

| Yq

[ X-transposed 1 Ampliconic [ Pseudoautosomal
[0 X-degenerate Heterochromatic [ Other




Sequence Classes of the Y Chromosome NRY

Sequence

X-transposad

X-degenarate

Defining
characteristics

99% idantity to
X

Single-copy gene
or pseudogena
homologues of X-
linked ganes

Lengthy similarity
to other MSY

Evalutionary

transposition
from X

Relics of
anciant
autosmmes
from which X
and ¥ evolved
Acquirad from
diverse
sources, then

Distribution

2 blocks an
Yp
B blocks on

¥p and Yq

T blocks an

16, most
exprassad
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60 (in 9 familes),
exprassad
mainky or only
In testes

M. of non-coding
transcription units

74 (9 single-copy; 65 in
15 families), expressed
mainty or only in testes




Table 2 MSY genes and gene families demonstrated or hypothesized to encode proteins
MSY sequence class  Gene symbol Gene name MNumber of copiest Tissue expression ¥-linked homologue  Autosomal homologue
X-transposed TGIFZLY” TGF |beta)-induced transcription factor 1 Testis TGIF2LX -
2-ke Y
FPCDHT1Y Protocadherin 11Y 1 Fetal brain, brain FCOHT1X -
Total
X-degenerate SRY Sex determining region Y 1 Predominantly testis S50x%3 =
RP54Y1 Ribosomal protein 54 1 Ubiquitous RPS4X -
isofarm 1
ZFY Zinc finger Y 1 Ubiquitous ZFX -
AMELY Amelogenin Y 1 Teeth AMELX -
TBLIY™" Transducin {beta)-like 1 1 Fetal brain, prostate TBLIX -
protein Y
FRKY Protein kinase Y 1 Ubiquitous FREX =
LISPSY Ubiguitin-specific protease 9Y 1 Ubriquitous USPOX -
DBY Dead box Y 1 Ubiguitous DEX =
uTy Ubiquitous TPR motif ¥ 1 Ubiquitous uTx -
TMSB4Y Thymosin (betaj-4 Y 1 Ubiquitous TAMSBAX -
NLGNAY Meuroligin 4 isoform Y 1 Fetal brain, brain, prostate, NLGNAX -
testis
CYorfisA® Chromosome Y open reading 1 Ubiquitous CXorf15 -
frame 154
CYorfioB8” Chromosome Y open reading 1 Ubiguitous CXorf1a -
frame 158
SMCY SMC (mouse) homologue, Y 1 Ubiquitous SMCX -
EIFTAY Translation initiation 1 Ubiquitous EIF1AX -
factor 1AY
RP34Y2" Ribosomal protein 34 1 Ubiquitous RPS4X -
isoform 2
Total 186
Ampliconic TSPY Testis-specific protein Y ~35 Testis - -
VCY Variable charge Y 2 Testis VCX -
XKRY XK related Y 2 Testis - -
CDY Chromodomain Y ) Testis - COYL
HSFY" Heat shock transcription 2 Testis - -
factory
REMY RMA-binding motif 5] Testis REMX =
FRY FTP-BL related ¥ 2 Testis - -
BrPyYz Basic protein Y 2 3 Testis - =
DAZ Deleted in azoospermia ! Testis - DAZL
Total ~B0
Grand total ~78




Table 3 MSY palindromes
Arm length  Arm-to-arm identity  Spacer length

ﬂtal Epan {I-ct:fJ

‘F‘allndrﬂmes P1 1 arﬂ:i F"l 2 are h::-l:aied wﬂhm reapec:’wely the dlE-l'E' and the prs:::-umal arms -.::
palindrome P1 (Fig. 2.




a8 DNA double-strand break

e Invasion of the first and into a
homologous duplex

d Second-end capture

e Continued strand exchange and
DMNA synthesis

f Holiday junclion resoiution

Mature Reviews | Malecular Cell Biology

gene conversion:

nonreciprocal transfer of
genetic information from
one homologous
chromosome to another
(i.e. no crossing over)




Structural features Protein-coding genes

Y-Y repeats

Copy X[ Ation
number patte Deletion

=

ion polymar phism

1
=

Sex reversal

O ooo
0000
0Ooao
a 0oa
OO0  Other

= TGIF2LY

a
O
a
O
a

PCDH11Y

%]
Cl
O
O

I

None

oo
oo
oo
a0
0og

USPgy
- DBY
ury

Intertility

O 0ooog
O BO0O0Oa
8 0oooa

o
(=i
(=i
an
0.
a0

Ooon
oooQ

dOoDooooooooooo0d 00 oooo

O00O000000000O08E @@ 0000
OO00O0000000O0O0oO00 OO0 oooo
OO0O00O000000000 OO

OO0000000000000OD0O OO

=



Ancestral

autosomes - Attrition of functions

once shared with the
Emergence of SRY ¥ rbramrsare

as sex determinant

-Persistence of some
cellular housekeeping
functions

Suppression of
crossing over

evolution of

- Little or no productive the NRY
recombination

X-linked genes  X-degenerate (Y-linked) sequence
' genes & pseudogenes classes
|

I
Transposition :
I

Autosomal

male fertility factors

REMY,

i e Transposition

(DAZ) [ Retroposition
(CDY)

o o e

- Aquisition and
maintenance of
spermatogenic

Amplification functions

- Abundant Y=Y

Ampliconic genes gene conversion’







Y-chromosome Inheritance Pattern
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Y Chromosome Polymorphisms

~ 200 binary polymorphisms (Y-
SNPs) characterized

s > 200 microsatellites (Y-STRSs)
characterized

1 minisatellite (MSY1)

o A-T rich



Mutation Rates: STRs

s Autosomes
e 1.2 X 103 (Weber and Wong, 1993)
e 2.1 x 103 (Brinkmann et al, 1998)
e 2.7 X 1073 (Henke and Henke, 1999)
e 0.6 X 10-3 (sajantila et al, 1999)

= Y-chromosome
e 2.8 X 103 (Kayser et al, 2000)
e 2.0 X 103 (Heyer et al, 1997)
e 3.09 x 10-3 (Bianchi et al, 1998)



Mutation Rates: SNPs

s ~ 2 X 107® per base per generation



Population Differentiation

s Effective population size of Y chromosome
Is 1/4 of autosome or 1/3 of X
e lower seguence diversity on Y

e more susceptible to genetic drift

= random changes in frequency of haplotypes due to
sampling from one generation to next

= accelerates differences between populations

s Geographical clustering due to patrilocal
behavior of men

e women move closer to man’s birthplace
e local geographical differentiation enhanced
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phylogenetic
tree of binary Y
haplogroups




detail of phylogenetic tree
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Forensic
Applications of Y
Chromosome
Markers

on the

COURTS




Reasons Y?

s Males (Criminal Victimization in United States, BJS 2001)

 80% of all violent crime
e 05% of all sex offenses

s When trying to determine the genetic profile of the
male donor in a male/female DNA admixture

(when F/M > 20, often >1000) and autosomal STR
analysis fails (1s not informative) or not possible

 sexual assault cases (saliva/saliva; saliva/vaginal
secretions; extended interval post coital samples)
= pre-mature lysis into non-sperm fraction

 aspermia/oligospermia
* normal degradation/loss over time



Reasons Y? (cont'd)

No need for differential extraction
Determination of number of semen donors
Missing persons (MP)

e criminal paternity/disaster victim ID
» haplotype of MP determined by typing male relative

= son, brother, father, uncle, nephew

Additional statistical discrimination
e mixture/relative cases

Y-SNPs: useful for ethnogeographic ancestry
prediction



Minimal Haplotype

DYS393 x DYS19
DYS392 s DYS3891

DYS391 s DYS38911
DYS390 = DYS385 a/b



SWGDAM

Core Loci

V=-S5 TR Warkers n Commercial s

DYS19
DYS385

DYS388

DYS3891/1I

DYS390
DYS391
DYS392
DYS393
DYS425
DYS426
DYS434
DYS435
DYS436
DYS437

DYS438
DYS439

Reliagene
Y-Plex 12

Promega
Powerplex Y

DYS441
DYS442
DYS443
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Y-Filer
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DYS527
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DYS557
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Y-GATA A7.1

Y-GATA A7.2
Y-GATA A10
Y-GATA C4
Y-GATA H4

YAP



Profiler:
48h Post-Coital Sample,
Sperm Fraction




Profiler:
48h Post-Coital Sample,
Non-Sperm Fraction
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Profiler:
48h Post-Coital Sample,
No Differential Extraction
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Multiplex I
48h Post-Coital Sample,
Sperm Fraction




Multiplex I
48h Post-Coital Sample,
No Differential Extraction

|1 DYS393
1|

Y-GATA-AT.2 D‘I’?dﬂﬂ D?SEHE

. l
4 PN | P

SR o) B -"'l_-_l




Multiplex I
48h Post-Coital Sample,
Sperm Fraction




Multiplex [1:
48h Post-Coital Sample,
No Differential Extraction
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Multiplex A:
35 hi Post-Coital Sample,
No Differential Extraction
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Multiplex B:
3oh Post-Coital Sample,
No Differential Extraction
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Non —sperm fraction

175 200

[]m 2y :Q989-4180-1A2F (MP1) / M AMG

UCF MPI: Female fraction of
differential organic extract



Non —sperm fraction

PM AMG
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UCF MPII: Female fraction of a
differential extract



' Vasectomized
Male
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Y GATAAT.2 || J||I

DY 5439
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Autosomal STR




Multigenerational Paternity Case

s Patriarch reported to have mistress
and second family

= Family 1 (known relatives):
e great-grandson 1

= Family 2 (purported relatives):
e great-grandson 2
e great-grandson 3
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DY5393
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DY 35437

Y-GATA-AT 1
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Y-GATA-C4

non-
differential
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of sample
found on
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No. of Semen Donors?
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Significance ofia Y-STR Match?

Unique biology of the Y-chromosome

* no recombination along most of its length

» senetic markers are inherited as blocks of
physically linked marker ---> haplotypes

Need to be able to estimate the frequency of
occurrence of a multi-locus Y-STR haplotype

 since different markers (e.g. Y-STR loci) are not
independent need to use counting method
= how frequent a particular haplotype has been
observed in a population

s Need Database of Multi-Locus Haplotypes!



Current Y-STR Databases

s European/Asian Y-STR Database
(www.ystr.org/europe) (www.ystr.charite.de/index asia)
e created by Willuweit and Roewer
e submissions from the International Forensic Y-User’s Group
s American Y-STR Database

« generated by Kayser and Stoneking at Max Plank Institute
Leipzig, Germany

s Databases are based upon the 9 Minimal Core Loci:

* DYS19, DYS3891, DYS38911, DYS390, DYS391, DYS392,
DYS393, DYS385a/b

x SWGDAM Endorsed Loci:
e DYS438, DYS439



Current Y-STR Databases

1. Databases comprising minimal haplotype
(MHL) loci: (DYS19, DYS3891, DYS38911,
DYS390, DYS391, DYS392, DYS393, DYS385a/b)

http://www.ystr.org (Roewer et al (2001), Forensic

Sci. Int. 118 106-113)
94 European populations n=13,892

http://www.ystr.org/usa (Kayser et al (2002), J.

Forensic Sci. 47 513-519)
30 regional US populations: 599 AA, 628 EA, 478 HA

http://www.ystr.org/asia (Lessig et al (2003), Legal
Medicine 5 S160-5163)
22 Asian populations n = 2576

Worldwide Search Option (http://www.ystr.org )
189 populations n = 20,865



http://www.ystr.org/
http://www.ystr.org/usa
http://www.ystr.org/asia
http://www.ystr.org/

Current Y-STR Databases (cont’)

2. Databases maintained by Commercial
Companies

comprising SWGDAM Core: MHL + 438, 439
= Reliagene (http://www.reliagene.com)
617 AA, 628 EA, 347 HA, 84 NA

3. Databases maintained by Commercial
Companies

comprising SWGDAM Core: MHL + 437, 438,
439
= Promega (http://www.promega.com)

577 AA, 595 EA, 630 HA, 357 NA, 284 A (n =
2443)



http://www.reliagene.com/
http://www.promega.com/

Y Chremoseme map

11.32 Qi— Testis Determining Factor {TDF)

11.31

11.2
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Channel Flipping {FLP}
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Self Confidence {(BLE-2)
{mote unlinked with ability)

Ability to remember and tell jokes
{GOT-1)
ot Sports Page (BUD-E)

-— Addiction to death and destruction
movies (T—-2)
#Ability to identify aircraft (DC10}
Preadolescent fascination with
“¥— Arachnida and Reptilia {MOM-4U)
-—_ Spitting (PZE)
«— Sitting on the John reading {SIT)

- Imability to express affection {ME-2)
“— Selective Hearing Loss {HUH)

L_'., -#— Lack of Recall for dates {00P5)

- Jane Gitschier, UCSF Science, 261, 679 (Aug. 93)



Thank Youl!




T'he end crowns all,
And that old common
arpbitrator, Time,
Will one day endit.

William Shakespeare
Troilus and Cressida
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