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• Standard Reference Materials
– SRM 2391b PCR-based DNA Profiling Standard

– SRM 2395 Human Y-Chromosome DNA Profiling Standard

• Creating databases with useful information
– STRBase (http://www.cstl.nist.gov/biotech/strbase)

• Evaluating and developing new technologies

• Interlaboratory testing

• Quality control testing for labs & companies

22 autosomal STRs
characterized across 

12 DNA samples

22 autosomal STRs
characterized across 

12 DNA samples

NIST SRM 2391b
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DYS439 component A 12 GATA repeats

PowerPlex® Y Prototype Kit

ReliaGene Y-PLEX™ 5 Kit

22 Y-STRs sequenced
42 Y-SNPs typed
22 Y-STRs sequenced
42 Y-SNPs typed

Helps establish allele nomenclature 
and confirm/calibrate typing data

NIST Y-Chromosome StandardSRM 2395 Human 
Y-Chromosome 
DNA Profiling 

Standard

STRBase
Short Tandem Repeat DNA 

Internet Database

General Information

•Intro to STRs 
(downloadable PowerPoint)

•STR Fact Sheets

•Sequence Information

•Multiplex STR Kits

•Variant Allele Reports

Forensic Interest Data

•FBI CODIS Core Loci

•DAB Standards

•NIST SRM 2391

•Published PCR Primers

•Y-Chromosome STRs

•Population Data

•Validation Studies

Supplemental Info

•Reference List

•Technology Review

•Addresses for Scientists

•Links to Other Web Sites

http://www.cstl.nist.gov/biotech/strbase

Standardized 
information formats

Standardized 
information formats
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Technology Development Efforts
Centered around multiplex PCR…

Standardized Assay Design FormatsCreated Custom Primer Design Software

Implemented Quality Control 
Methods for PCR Primers

mtDNA 11plex SNP assay

Y-STR 20plex, cat STR 12plex

Demonstrated Success with Multiple 
Projects and Collaborations

Checks for potential 

primer-primer interactions

Individual Performance in an Interlaboratory Study

0.3

0.5

1

3

5

1010

R S T UV WX

2.5%

25%

Median

75%

97.5%

D
N

A
 C

on
ce

nt
ra

tio
n,

 n
g 

/  
µL

Others

99.5 99 98 96 90 80 70

You

3

2

1

0

Donor Alleles (Major + Minor) Identified, %

N
on

-D
on

or
 A

lle
le

s 
R

ep
or

te
d,

 %

Yield gel
Quantiblot

See Kline, M.C., et al. (2003) Anal. Chem. 75: 2463-2469

DNA Quantitation Accuracy in STR Typing

Results from each laboratory are returned to 
them in comparison to other participating labs to 
illustrate opportunities for improvement…

Results from each laboratory are returned to 
them in comparison to other participating labs to 
illustrate opportunities for improvement…
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Steps in DNA Analysis

Collection

Extraction

Quantitation

Genotyping

Interpretation 
of Results

Database 
Storage & Searching

Specimen Storage
Collection 
& Storage 
(Blood Stain)

DNA Database

STR Typing

DNA 
Extraction

Multiplex PCR Amplification

DNA Quantitation
Slot Blot PicoGreen

Male: 13,14-15,16-12,13-10,13-15,16

Interpretation of Results

Collection

Extraction

Quantitation

Genotyping

Interpretation 
of Results

Database 
Storage & Searching

Specimen Storage
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PCR Product Size (bp)

393
426

385 a/b

389II
460 H4 388

19 392
YCAII a/b

389I
437

390
439391

447

448
438

NIST Involvement in DNA Analysis
Steps in DNA Analysis

•Improving multiplex PCR assay development 

•Increasing capabilities for Y-chromosome DNA testing

Forensic Sci. Int. (2002) 129:10-24

Genetic Genealogy Companies
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Why Use Y?

Application Advantage

Forensic casework on 
sexual assault evidence

Male-specific amplification (can avoid differential 
extraction to separate sperm and epithelial cells)

Paternity testing Male children can be tied to fathers in motherless 
paternity cases

Missing persons 
investigations

Patrilineal male relatives may be used for reference 
samples

Human migration and 
evolutionary studies

Lack of recombination enables comparison of male 
individuals separated by large periods of time

Historical and 
genealogical research

Surnames usually retained by males; can make links 
where paper trail is limited

1992 - DYS19 (Roewer et al.)

1994 - YCAI a/b, YCAII a/b, YCAIII a/b, DXYS156 (Mathias et al.)

1996 - DYS389I/II, DYS390, DYS391, DYS392, DYS393 (Roewer et al.)

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

1997 - DYS288, DYS388 (Kayser et al.)

1998 - DYS385 a/b (Schneider et al.)

1999 - A7.1 (DYS460), A7.2 (DYS461), A10, C4, H4 (White et al.)

2000 - DYS434, DYS435, DYS436, DYS437, DYS438, DYS439 (Ayub et al.)

2000 - G09411 (DYS462), G10123 (de Knijff unpublished)

2001 - DYS441, DYS442 (Iida et al.)

2002 - DYS443, DYS444, DYS445 (Iida et al.); DYS446, DYS447, DYS448, 
DYS449, DYS450, DYS452, DYS453, DYS454, DYS455, DYS456, 
DYS458, DYS459 a/b, DYS463, DYS464 a/b/c/d (Redd et al.)

2002 – DYS468-DYS596 (129 new Y STRs; Manfred Kayser GDB entries)

2003 – DYS597-DYS645 (50 new Y STRs; Manfred Kayser GDB entries)

History of Y STR Marker Discovery

“Minimal Haplotype”

“Extended Haplotype”
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Schoske et al. (2003) High-throughput Y-STR typing of U.S. populations…, Forensic Sci. Int., in press

NIST Multiplexes for High-Throughput Y STR Typing

20plex

11plex

-From J.M. Butler (2003) Forensic Sci. Rev. 15:91-111

DYS464, a quadruplicated locus, occurs in 
the DAZ region near 25 Mb.  This region was 
demonstrated to have palindromic 
sequences in the recent publication of the 
human Y-chromosome sequence (Skaletsky et 
al. (2003) Nature 423:825-837). 

Commonly used Y-STR markers have 
been mapped to chromosomal positions 
using the Human Genome Reference 
sequence assembly from April 2003 
(http://genome.ucsc.edu/cgi-bin/hgBlat)

>250 Y STRs now known

>250 Y SNPs characterized
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Methods for Allele Calling

17,17,17,17

a bcd

17

15,15,17,17

a b c d

15,17

12,14,14,16

a
b c

d

12,14,16

14,15,16,17

a b c d

14,15,16,17

Expanded (E-type)

Conservative (C-type)

has four copies of [CCTT]n repeat (usually)

~225 kb
~225 kb

~1,400 kb

DYS464bDYS464a DYS464c DYS464d
a dcb

A single primer pair produces various combinations of alleles with 9-20 repeats

DYS464: A Highly Polymorphic, Multi-Copy Y STR Marker

Example of some samples 
with same C-type that can be 

separated by E-type

C-type: 14,15,18

14,14,15,18

14,15,15,18

14,15,18,-

14,15,18,18

E-type

b

13,13,16,16,18,19

a cd
e f

a b c

d e
f?

13,13.1,15,16,16,16

Some Complex Patterns from Single 
Source Samples (>4 copies)
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All DYS464 
Expanded Types 
Observed with 
679 Samples

Expanded Type #AA # C # H F r e q

15,15,17,17 1 1 3 8 2 3 0.106

15,15,16,17 9 2 5 1 7 0.075

13,16,16,17 2 8 1 0.043

13,16,16,18 2 1 1 3 0.037

12,14,15,16 3 1 5 3 0.031
14,15,17,17 4 1 2 1 0.025

15,15,16,16 7 4 6 0.025

15,15,17,18 5 8 4 0.025

15,16,17,17 6 8 2 0.024

15,16,16,17 5 7 3 0.022

13,16,17,17 9 2 1 0.018

13,15,16,16 9 2 0.016
15,16,17,18 1 7 2 0.015

13,15,16,18 9 0.013

13,16,17,18 8 0.012

14,15,16,17 1 4 3 0.012

14,15,17,18 2 4 2 0.012

15,15,15,17 3 3 2 0.012
13,15,16,17 4 2 1 0.010

14,16,16,17 2 1 4 0.010

12,14,15,15 1 5 0.009

12,15,15,16 1 5 0.009

12,15,16,17 4 2 0.009

12,15,16,18 6 0.009

13,16,16,16 5 1 0.009
14,14,15,15 4 2 0.009

15,15,16,18 2 2 2 0.009

13,16,16,19 4 1 0.007

14,14,14,15 1 3 1 0.007

14,14,16,17 2 3 0.007

14,15,16,18 3 2 0.007
14,16,17,18 4 1 0.007

15,15,15,16 2 2 1 0.007

15,16,16,16 3 2 0.007

12,13,13,14 4 0.006

12,15,15,15 2 2 0.006

12,15,16,16 4 0.006

13,15,15,17 3 1 0.006
13,15,15,18 2 1 1 0.006

14,16,17,17 2 2 0.006

15,15,18,18 1 1 2 0.006

15,16,16,18 4 0.006

16,16,17,17 1 2 1 0.006

11,14,14,15 3 0.004
11,14,14,16 3 0.004

12,13,14,14 1 1 1 0.004

12,14,14,15 1 2 0.004

12,14,14,16 1 1 1 0.004

12,16,16,17 3 0.004

13,15,17,18 3 0.004

13,16,18,18 3 0.004
14,14,14,14 3 0.004

14,14,15,16 2 1 0.004

14,14,15,17 2 1 0.004

14,14,16,16 3 0.004

14,14,17,17 2 1 0.004

14,15,15,16 2 1 0.004
14,15,15,17 2 1 0.004

14,15,16,16 1 1 1 0.004

15,17,17,18 2 1 0.004

Expanded Type #AA # C # H F r e q

16,16,16,17 3 0.004

11,11,14,15 1 1 0.003

11,13,14,15 1 1 0.003

11,14,15,15 2 0.003

12,12,14,15 1 1 0.003
12,13,14,15 1 1 0.003

12,13,14,16 1 1 0.003

12,14,14,14 1 1 0.003

12,14,14,17 2 0.003

12,14,16,18 2 0.003

12,16,16,16 2 0.003

12,16,16,19 2 0.003
13,13,13,14 1 1 0.003

13,13,13,15 1 1 0.003

13,13,14,14 1 1 0.003

13,13,14,17 1 1 0.003

13,13,16,16 1 1 0.003

13,13,16,16,18,19 1 1 0.003
13,13.1,15,16,16 1 1 0.003

13,14,16,17 1 1 0.003

13,15,15,19 2 0.003

13,15,16,- 2 0.003

13,17,18,18 2 0.003

15,15,17,- 1 1 0.003

15,15,18,19 1 1 0.003
15,17,17,17 2 0.003

17,17,17,17 2 0.003

11,11,12,14,15,15 1 0.001

11,11,14,14 1 0.001

11,11,14,16 1 0.001

11,11,15,16 1 0.001
11,11,16,16 1 0.001

11,13,15,15 1 0.001

11,13,15,16 1 0.001

11,13,15.1,16 1 0.001

11,13,16,16 1 0.001

11,14,14,14 1 0.001

11,15,15,18 1 0.001
11,15,16,17 1 0.001

11,16,16,18 1 0.001

11,16,18,18 1 0.001

12,12,12,16 1 0.001

12,12,13,14 1 0.001

12,12,14.3,14.3 1 0.001
12,12,15,15,15,16 1 0.001

12,12,15,16 1 0.001

12,13,13,13,14 1 0.001

12,13,15,16 1 0.001

12,13,15,17 1 0.001

12,13,15.1,16 1 0.001

12,14,15,17 1 0.001
12,14,16,16 1 0.001

12,14,17,17 1 0.001

12,15,15,17 1 0.001

12,15,15,18 1 0.001

12,15,17,17 1 0.001

12,15,17,18 1 0.001
12,15,17,19 1 0.001

13,13,14,- 1 0.001

13,13,14,18 1 0.001

Expanded Type #AA # C # H F r e q

13,13,15,16 1 0.001

13,13,15,16,16,16,18 1 0.001

13,13,15,16,16,17 1 0.001

13,13,15,16,17,17 1 0.001

13,13,16,17 1 0.001
13,14,14,14 1 0.001

13,14,14,15 1 0.001

13,14,15,15 1 0.001

13,14,15,15,16 1 0.001

13,14,15,16 1 0.001

13,14,15,17 1 0.001

13,14,15,18 1 0.001
13,14,16,16 1 0.001

13,14.3,15,17 1 0.001

13,14.3,16,17 1 0.001

13,15,15,15 1 0.001

13,15,15.1,15.1 1 0.001

13,15,17,17 1 0.001
13,15,18,18 1 0.001

13,16,16,20 1 0.001

13,16,17,19 1 0.001

13,17,17,20 1 0.001

14,14,14,17 1 0.001

14,14,14,19 1 0.001

14,14,15,18 1 0.001
14,14,16,18 1 0.001

14,14,16,20 1 0.001

14,14.3,15,17 1 0.001

14,14.3,16,18 1 0.001

14,15,15,18 1 0.001

14,15,16,- 1 0.001
14,15,18,- 1 0.001

14,15,18,18 1 0.001

14,15.3,16,16 1 0.001

14,16,16,16,17,17 1 0.001

14,16,16,18 1 0.001

14,16,17,- 1 0.001

14,17,17,17 1 0.001
14,17,18,19 1 0.001

14.3,15,16,17 1 0.001

15,- ,16,16 1 0.001

15,- ,17,17 1 0.001

15,15,15,15 1 0.001

15,15,15.3,16 1 0.001
15,15,16,19 1 0.001

15,15,16,20 1 0.001

15,15,17,19 1 0.001

15,16,16,20 1 0.001

15,16,17,17,17 1 0.001

15,16,17,19 1 0.001

15,16,18,18 1 0.001
15,16,18,20 1 0.001

15,17,18,19 1 0.001

16,16,16,16 1 0.001

16,16,16,18 1 0.001

16,16,16,19 1 0.001

16,17,17,17 1 0.001
17,17,18,18 1 0.001

9,15,16,17 1 0.001

Total: 265 262 152 1.00

179 Different E-Types

92 occur in only a 
single sample
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265 African Americans
262 Caucasians
152 Hispanics

Allele Frequencies for DYS464
Variant alleles also seen:

13.1, 14.3, 15.1, 15.3

113 Different C-Types

We developed two new primer pairs for DYS464 compared 
to the original ones published by Redd et al. (AJR) 
Forensic Sci. Int. 2002,130,97-111

DYS464 is part of NIST 11plex assay:

NIST 11plex (32 cycles)

456

448

385 a/b
464 a/b/c/d447

450458

Schoske et al. (2003) Forensic Sci. Int., in press

500 pg male DNA
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113 (179) 
different 
types in 

679 males 
with 

DYS464

113 (179) 
different 
types in 

679 males 
with 

DYS464

Schoske et al. (2003) High-throughput Y-STR typing of U.S. populations…, Forensic Sci. Int., in press

438,439

(25)

Minimal haplotype
(19, 389I/II, 390, 391, 392, 393, 385 a/b)

(9) (13) (3)

464 a/b/c/d

(3) (1) (1) (1)(1)(1)(1)

458

(1) (1) (6) (1) (1) (2)(1) (1) (1) (1)

(3) (1) (2)

(1)(1)(1)

(1) (1)

460

460

437

437

(1)(1)

(2)(1)

Unresolved with 
all 22 markers

U.S. Haplotype

Resolving the Minimal Haplotype Most Common Type

647 males from 3 U.S. populations647 males from 3 U.S. populations
Schoske et al. (2003) High-throughput Y-STR typing of U.S. populations…, Forensic Sci. Int., in press
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50 Y SNPs Typed

• 114 U.S. Caucasians

• 115 African Americans

10 overlapping loci (boxed)

• 42 Y SNPs + amelogenin 
with Marligen Signet Y SNP 
Identification kit

• 18 Y SNPs with SNaPshot
assays developed at NIST

• >2,000 allele calls compared 
between two methods

• Complete Concordance 
Seen!

Vallone, P.M. and Butler, J.M. (2003) Y SNP typing using allele-specific hybridization and primer extension. Submitted.

E3a

R1b

R
K*
I
G

E3b

E2
E1A1B*

B2a

R1b

R

I

K*

J2

R1a1 E3b
G

E* E3* N3
R1b6

Y SNP haplogroups 
for 115 African Americans

Y SNP haplogroups 
for 114 Caucasians

18 different haplogroups observed in 229 males

M2

P25

47%
23%

58%

21%

11%
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Stringent primer quality control
Dye labeled oligos

Butler et al. (2001) Forensic Sci. Int. 119: 87-96

6FAM (“blue”), VIC (“green”), NED (“yellow”)

Careful primer design

Butler et al. (2001) Fresenius J. Anal. Chem. 369:200-205

•Uniform annealing temperatures
•Checking for all potential primer-primer 
interactions

Describes how to build 
STR multiplex assays…

Describes how to build 
STR multiplex assays…
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