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Goals for NIST Y-STR Work

• Standardize information resources on Y-STRs and 
nomenclature for alleles

• Understand variation in U.S. populations so the best loci 
can be selected for commercial kits

• Construct multiplex assays to quickly evaluate loci

• Provide reference material for laboratory calibration 
(SRM 2395)

52 Y STR Loci Mapped to 
Chromosomal Locations

-from Butler (2003) Recent Developments in Y STR and Y SNP Analysis, 
Forensic Sci. Rev. 15:91-111

>400 Y STRs now known

>300 Y SNPs characterized
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Physical Map of the Human Y-Chromosome
Hanson, E.K. and Ballantyne, J. (2006) Legal Med 8: 110-120

Describe the precise location of 417 Y-STRs
They note that not all will be useful due to low genetic variation 

or high X-chromosome homology
See also http://ncfs.ucf.edu/ystar/ystar.html

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2000 - G09411 (DYS462), G10123 (de Knijff unpublished)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

U.S. Haplotype

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

DYS448 (hexanucleotide repeat)

Almost no stutter observed

<2% stutter

YCAII a/b (dinucleotide repeat)

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

~50% stutter

[CA]
11-24 repeats

YCC gene diversity 0.908
(Redd et al. 2002)

[AGAGAT]
20-26 repeats

YCC gene diversity 0.782
(Redd et al. 2002)



NEAFS Y-mtDNA Workshop (Butler and Coble)
Markers, Core Loci, and Kits

November 1, 2006

http://www.cstl.nist.gov/biotech/strbase/training.htm 3

DYS447: Another Highly Polymorphic, Low Stutter Marker

[TAATA]
22-29 repeats

YCC gene diversity 0.781
(Redd et al. 2002)

SRM 2395 Y STR 20plex data

~1% stutter 
observed

Even further variation 
shown by sequencing 
alleles

Y-STR Typing of Duplicated Regions
“multi-copy loci”

a = b a ≠ b

DYS385 a/b and YCAII a/bDYS385 a/b and YCAII a/b

Multiple primer binding sites occur 
giving rise to more than one PCR 
product for a given set of primers

a repeat b repeat

Y-PLEX™ 6 results

Y-STR loci are often counted by the 
number of amplicons rather than 
the number of PCR primer pairs

SWGDAM Sub-Committee 
on the Y-Chromosome

• Formed in July 2002
• Members

– Jack Ballantyne (UCF) – chair
– Mecki Prinz (NYC) – co-chair
– John Butler (NIST)
– Ann Gross (MN)
– Jill Smerick (FBI)
– Sam Baechtel (FBI)
– Roger Frappier (CFS)
– Phil Kinsey (OR now MT)
– Gary Sims (CA DOJ)
– George Carmody (retired)
– Mike Adamowicz (CT)
– Bruce Budowle (FBI) – removed 

in 2004

• U.S. CORE Y-STR LOCI 
selected in January 2003

• Discussed setting up of national 
consolidated Y-STR database

• Evaluation of commercially 
available kits (primer concordance)

• Developing Y-STR interpretation 
guidelines

• Examining value of additional loci

• Discuss potential addition of Y-
STRs to CODIS
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Selection of
U.S. Core Loci:

DYS19, 
DYS385 a/b, 
DYS389I/II, 

DYS390, 
DYS391, 
DYS392, 
DYS393, 
DYS438, 
DYS439

Selection of
U.S. Core Loci:

DYS19, 
DYS385 a/b, 
DYS389I/II, 

DYS390, 
DYS391, 
DYS392, 
DYS393, 
DYS438, 
DYS439

Core Y-STR Characteristics

0.05%6-20TAT20.97DYS392

0.23%7-28GAAA19.19, 
19.23DYS385 a/b

0.32%17-28[TCTA] [TCTG]15.71DYS390
0.09%6-14TTTTC13.38DYS438

0.20%, 
0.31%

9-17 / 
24-34[TCTG] [TCTA]13.05DYS389 I/II

0.38%8-15AGAT12.95DYS439
0.40%6-14TCTA12.54DYS391
0.20%10-19TAGA10.12DYS19
0.05%8-17AGAT3.17DYS393

Mutation 
Rate

Allele 
RangeRepeat MotifPosition 

(Mb)STR Marker

Positions in megabases (Mb) along the Y-chromosome were determined with NCBI build 35 (May 2004) 
using BLAT. Allele ranges represent the full range of alleles reported in the literature. Mutation rates 
summarized from YHRD (http://www.yhrd.org; accessed 6 Apr 2005). 

Butler, J.M. (2006) Genetics and genomics of core STR loci used in human identity testing. J. Forensic Sci., 51(2): 253-265

11 PCR products
9 primer sets

DYS385 a/b

a = b a ≠ b

DYS389 I/II

(A)

(B)
I

II

F primer F primer

R primer

a b

Duplicated regions are 
40,775 bp apart and facing 

away from each other

F primer

R primer

F primer

R primer

DYS389I DYS389II

Butler, J.M. (2005) Forensic DNA Typing, 2nd Edition, Figure 9.5, ©Elsevier Science/Academic Press 

Multi-Copy (Duplicated) Marker

Single Region but Two PCR Products 
(because forward primers bind twice)



NEAFS Y-mtDNA Workshop (Butler and Coble)
Markers, Core Loci, and Kits

November 1, 2006

http://www.cstl.nist.gov/biotech/strbase/training.htm 5

ISFG Guidelines for Y-STRs
• Locus nomenclature should be DYS number if possible
• Allelic ladders should be used
• Allele nomenclature discussed…

Forensic Sci. Int. (2001) 124: 5-10

ISFG Guidelines for Y STR Allele Nomenclature

• Number of complete repeats
• A partial repeat (variant allele) is designated by number of complete 

repeats separated by a dot followed by the number of bases in the 
incomplete repeat (e.g., 17.3)

• Some locus nomenclatures take into account the total number of 
repetitive units (non-variant plus variant) while others have taken into 
account only the variable repetitive stretches

– “If a nomenclature is already in use, it is recommended that it should be 
continued. However, to encourage consistency for newly reported STRs, it 
is recommended that alleles should be named according to the total number 
of repeat units of the DNA that comprises both variant and non-variant 
repeats”

• Duplicated systems such as DYS385 have to be treated as genotypes 
and alleles should be separated by a hyphen (e.g., “11-14”)

Gill et al. (2001) Forensic Sci. Int. 124: 5-10

Nomenclature Issues with DYS389 I/II

DYS389II = 5+12+3+11 = 31; [TCTG]5[TCTA]12[TCTG]3[TCTA]11

DYS389I = 3+11 = 14; [TCTG]3[TCTA]11

[TCTA][TCTG] [TCTA][TCTG]

(6-13)

(21-31)

34-5 6-1310-14

A B C D

9-16

24-34

Original paper (Kayser et al. (1997) Int. J. Legal Med. 110:141-149) defines allele 
nomenclature without repeat segment “C”; it has now been added in more 
recent nomenclatures thus making alleles +3 repeats larger
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Issues with DYS439 Nomenclature

Original description of DYS439 (only variable repeat used)

[GATA]2N4[GATA]3N14[GATA]1N3[GATA]1N7 [GATA]9-14

Alleles 9-14

Issues with DYS439 Nomenclature

+7 repeats

[GATA]2 N4[GATA]3 N14[GATA]1 N3 [GATA]1 N7 [GATA]9-14

Alleles 16-21

Issues with DYS439 Nomenclature

+9 repeats Alleles 18-23
Repeat designation changed to AGAT from previous GATA
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9-14

[GATA][GATA]

16-21

12 9-143
[GATA] [GATA]

1
[GATA]

N4
N14 N3 N7

[GATA][ATCT]

18-23

32 9-142
[AGAT] [AGAT]

2
[AGAT]

N20
N3 N14 N10

[GATA]

(A)

(B)

(C)

(D)

ATCTATCTTGAATTAATAGATTCAAGGTGATAGATATACAGATAGATAGA
TACATAGGTGGAGACAGATAGATGATAAATAGAAGATAGATAGATAGAT
AGATAGATAGATAGATAGATAGATAGATAGATAGATAGATA

Figure 9.8, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

DYS635 (Y-GATA-C4)
GenBank AC004772 reference allele = 23 TSTA repeats

Nomenclature from Gusmao et al. (2002) Forensic Sci. Int. 126: 129-136

Ref seq is 
reverse and 
complement of 
GenBank 
AC004772

[TCTA]4 [TGTA]2 [TCTA]2 [TGTA]2 [TCTA]2 [TGTA]2 [TCTA]9

4+2+2+2+2+2+9 = 23

ISFG Guidelines for Allelic Ladders
Gill et al. (2001) Forensic Sci. Int. 124: 5-10

• Allelic ladders should span the distance of known allelic 
variants within each locus

• Rungs of the ladder should be one repeat unit apart, 
wherever possible

• Alleles in ladders should be sequenced
• Ladders should be widely available

– PowerPlex Y and Yfiler kits now available
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Y-Chromosome Standard NIST SRM 2395

Human Y-Chromosome DNA Profiling Standard

•5 male samples + 1 female sample (neg. control)

•100 ng of each (50 µL at ~2 ng/µL)

•22 Y STR markers sequenced

•9 additional Y STR markers typed

•42 Y SNPs typed with Marligen kit

C

B

A D

E

F
Certified for all loci in commercial Y-STR kits:

Y-PLEX 6
Y-PLEX 5
Y-PLEX 12
PowerPlex Y

SWGDAM recommended loci:
DYS19, DYS385 a/b, DYS389I/II, 
DYS390, DYS391, DYS392, 
DYS393, DYS438, DYS439

SWGDAM recommended loci:
DYS19, DYS385 a/b, DYS389I/II, 
DYS390, DYS391, DYS392, 
DYS393, DYS438, DYS439

Helps meet FBI Standard 9.5 (and ISO 17025)…traceability to a national standard

Y-filer - adds DYS635 (C4); now sequenced

DYS392 (forward) D 11 TAT repeats

DYS392 (forward) E 12 TAT repeats

DYS392 (forward) C 11 TAT repeats

DYS392 (forward) B 11 TAT repeats

DYS392 (forward) A 13 TAT repeats

Sequence Determination of Y-STR Repeat Region 
for Each Component

Sequencing Performed
DYS19
DYS385 a/b
DYS389 I/II
DYS390
DYS391
DYS392
DYS393

DYS447
DYS448
Y-GATA-H4

DYS388
DYS426

DYS435
DYS436
DYS437
DYS438
DYS439

DYS460 (A7.1)
DYS461 (A7.2)
DYS462

Sequence Summaries for SRM 2395

We will continue to add information on new Y-STR 
loci as they are adopted by the community 

and put into commercial kits
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Y-STR Allele Nomenclatures

[TAGA] [TAGA]TAGG

10-19

7-163

[GATA][GATA]

16-21

12 9-143
[GATA] [GATA]

1

DYS439

DYS19

[GATA]
N4

N14 N3 N7

variable

total

variable

total

3 different nomenclatures have been published for DYS439

Now 
accepted way

SRM 2395 as an international standard helps resolve nomenclature issues

ISFG Updated Y-STR Recommendations
Gusmão, L., Butler, J.M., et al. (2006) Forensic Sci. Int. 157:187-197

Y-GATA-H4 Nomenclature Differences
• Mulero, J.J., Budowle, B., Butler, J.M., Gusmão, L. (2006) Letter to 

the Editor--Nomenclature and allele repeat structure update for the 
Y-STR locus GATA H4. J. Forensic Sci. 51(3): 694. 

• “There are differences in allele designations at the GATA H4 marker 
between those recommended in the Applied Biosystems AmpFlSTR YfilerTM

polymerase chain reaction amplification kit (Applied Biosystems, Foster 
City, CA) and the ISFG recommendations. The nomenclature for the GATA 
H4 marker in the Yfiler kit is based on the allele repeat structure defined by 
the National Institute of Standards and Technology Standard reference 
material (SRM) 2395 and the work of Butler et al. (2).”

• “Add a correction factor of nine to the Yfiler allele number… and 
refer to this marker as GATA H4.1. Employing the ISFG proposed 
allele designation for GATA H4.1 changes the Yfiler kit allelic ladder 
range from 8–13 to 17–22.”

http://www.cstl.nist.gov/biotech/strbase/YSTRs/H4_nomenclature.htm
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Y-GATA-H4

Unfortunately, use of TAGA vs. GATA repeat designation 
results in a difference of one repeat unit!

Reference sequence: GenBank accession G42676 (submitted May 1999 by White et al.)

NIST SRM 2395 follows ISFG guidelines (for our primer pair): 
first adjacent repeat starting from 5’end is TAGA

Yfiler H4 ladder

ISFG = 20 repeats
Yfiler = 11 repeats

Some NIST-Developed Y-STR Multiplex Assays

Adopted and adapted by Orchid 
GeneScreen (Dallas)…

34 primers

14 primers

26 primers

20 primers

Orchid Cellmark Y-STR 10plex



NEAFS Y-mtDNA Workshop (Butler and Coble)
Markers, Core Loci, and Kits

November 1, 2006

http://www.cstl.nist.gov/biotech/strbase/training.htm 11

Y-STR 
Kits

(Redd et al.)
DYS446
DYS447
DYS448
DYS449
DYS450
DYS452
DYS453
DYS454
DYS455
DYS456
DYS458

DYS459 a/b
DYS463

DYS464 a/b/c/d

(Minimal/extended 
haplotype)

DYS19 

DYS389I/II

DYS390

DYS391

DYS392

DYS393

DYS385 a/b

YCAII a/b

(Ayub et al.)

DYS434

DYS435

DYS436

DYS437

DYS438

DYS439

(Bosch et al.)
G09411 (DYS462)

DYS468-DYS645 
166 new Y STRs

(Manfred Kayser GDB entries)

DYS468-DYS645 
166 new Y STRs

(Manfred Kayser GDB entries)

(White et al.)

A7.1 (DYS460)

A7.2 (DYS461)

A10

C4

H4

(Iida et al.)

DYS441

DYS442

DYS443

DYS444

DYS445

DYS388

DYS425

DYS426

YCAIII a/b

Y-PLEX 6 (ReliaGene)

Y-PLEX 12 (ReliaGene)
PowerPlex Y (Promega)

Commercial Y-STR Kits

43 (51) Y-STRs
(217 with Manfred’s)

Yfiler (Applied Biosystems)

Y-PLEX 5 (ReliaGene)

R
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e 
Fl
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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

Y STR 20plex Amplification

The Manly-plex
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Allele size range and locus dye colors

NIST 20plex

426

460 H4 388

447 448

DYS385a/bDYS393 DYS390

DYS19 DYS392

YCAII 
a/b

DYS391 DYS389I DYS439 DYS389IIDYS437 DYS438

100 bp 400 bp300 bp200 bp

Published Sept 2002

100 bp 400 bp300 bp200 bp

DYS391

PowerPlex® Y

DYS389I DYS439 DYS389II

DYS438 DYS437 DYS19 DYS392

DYS393 DYS390 DYS385a/b

Released by Promega Corporation in Sept 2003

A few minor primer 
modifications with 
some loci

Forensic Science International 148 (2005) 1-14

PowerPlex Y Validation Studies

Validation Summary Sheet for PowerPlex Y

1269TOTAL SAMPLES EXAMINED

205 amounts (1/1.25/1.5/1.75/2 mM Mg) x 4 quantities (1/0.5/0.25/0.13 ng DNA)Magnesium titration

205 amounts (0.5x/0.75x/1x/1.5x/2x) x 4 quantities (1/0.5/0.25/0.13 ng DNA)Primer pair titration

205 amounts (1.38/2.06/2.75/3.44/4.13 U) x 4 quantities (1/0.5/0.25/0.13 ng DNA)TaqGold polymerase titration

102 females x 1 titration series (0-500 ng female DNA) x 5 amounts eachMale-specificity

76
4 models (480/2400/9600/9700) x 1 sample 
+ [3 models x 3 sets x 12 samples]Thermal cycler test

505 volumes (50/25/15/12.5/6.25) x [5 amounts + 5 concentrations]Reaction volume

255 labs x 5 temperatures (54/58/60/62/64) x 1 sampleAnnealing Temperature

805 cycles (28/27/26/25/24) x 8 punch sizes x 2 samplesCycling Parameters

N/A (except for DYS385 but no studies were noted)Peak Height Ratio

412412 males usedStutter

10265 cases with 102 samplesNon-Probative Cases

36
10 ladder replicates + 10 sample replicated + [8 ladders + 8 samples 

for 377]Precision (ABI 3100 and ABI 377)

66 components of SRM 2395 NIST SRM

2424 animalsNon-Human

847 labs x 2 series x 6 amounts (1/0.5/0.25/0.125/0.06/0.03)Sensitivity

132
6 labs x 2 M/M mixtures series x 11 ratios (1:0, 19:1, 9:1, 5:1, 2:1, 1:1, 

1:2, 1:5, 1:9, 1:19, 0:1)Mixture Ratio (male:male)

132

6 labs x 2 M/F mixture series x 11 ratios 
(1:0,1:1,1:10,1:100,1:300,1:1000,0.5:300, 0.25:300,0.125:300, 
0.0625:300, 0.03:300 ng M:F )Mixture Ratio (male:female)

405 samples x 8 labsSingle Source (Concordance)

# RunDescription of Samples Tested (performed in 7 labs and Promega)Study Completed (17 studies done)

Krenke et al. (2005) Forensic Sci. Int. 148:1-14
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PCR Product Size (bp)

426

385 a/b

389II

H4
388

19
392

YCAII a/b

389I

437

390

439
391

447
448

438

393

460

458

450

448

447
456

464 a/b/c/d

385 a/b

Schoske et al. (2004) High-throughput Y-STR typing of U.S. populations…, Forensic Sci. Int., 139:107-121

20plex

11plex

NIST Multiplexes for High-Throughput Y-STR Typing
Laid the Groundwork for Applied Biosystems’ Yfiler Y-STR Kit

11 U.S. core loci
+ DYS437
+ DYS448
+ DYS456
+ DYS458
+ DYS635
+ H4

100 bp 400 bp300 bp200 bp

DYS391

PowerPlex® Y

DYS389I DYS439 DYS389II

DYS438 DYS437 DYS19 DYS392

DYS393 DYS390 DYS385a/b

Released by Promega Corporation in Sept 2003

AmpFlSTR® Yfiler™

DYS437 DYS448H4

100 bp 400 bp300 bp200 bp

DYS456 DYS389I DYS390 DYS389II

DYS458 DYS19 DYS385a/b

DYS393 DYS439 DYS392

DYS438

DYS391 DYS635

Released by Applied Biosystems in Dec 2004

3 dye colors
12-plex PCR

4 dye colors
17-plex PCR

FL

JOE

TMR

6-FAM

VIC

NED

PET

Primary Commercial Y-STR Kits
Allele size range and locus dye colors

DYS391 DYS389I DYS439 DYS389II

DYS438 DYS437 DYS19 DYS392

DYS393 DYS390 DYS385 a/b

Single amplification; ladders contain 103 alleles

Promega PowerPlex® Y Allelic Ladders

U.S. Core Loci + DYS437
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Yfiler Allelic Ladders

Thoughts on Y-Chromosome Issues

• Core loci are selected, commercial kits are now available

• Y-STRs need to be put into greater use with forensic 
casework to demonstrate their value

Research Issues
• Nomenclature for Y-STR alleles in new loci
• Impact of additional loci to resolve most-common types
• Publicly available databases for additional loci
• Statistical issues with combining autosomal and Y-STR 

information


