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Outline for Presentation

• New Y STR Markers Available

• NIST Y STR Assays
• Some Casework Results with NIST Multiplexes
• Y SNP Markers and Assays Under Evaluation

• NIST Standard Reference Material SRM 2395
• Nomenclature Issues for Y STR Alleles

• NIST Web Resources for Y Chromosome Information

• U.S. Efforts Towards Selection of Core Y STR and Y 
SNP Loci

Y STR Markers 
Available

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2000 - G09411 (DYS462), G10123 (de Knijff unpublished)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

History of Y STR Marker Discovery

“Minimal Haplotype”

“Extended Haplotype”

New Y STR Markers (Redd et al.)

eight tetranucleotide repeats (DYS449, DYS453, DYS454, DYS455, DYS456, 
DYS458, DYS459, and DYS464), five pentanucleotide repeats (DYS446, DYS447, 
DYS450, DYS452, and DYS463), and one hexanucleotide repeat (DYS448)

To be published in Forensic Sci. Int. (Dec 2002)

Properties of 14 Novel Y-STRs In YCC

repeat repeat avg. # allele size

STR type motif of repeats range (bp)
DYS449 tetra- (TTTC)nN50(TTTC)n 30 343 - 383
DYS458 tetra- (GAAA)n 17 111 - 139
DYS456 tetra- (AGAT)n 15 141 - 161

DYS464* tetra- (CCTT)n 14 250 - 282
DYS453 tetra- (AAAT)n 11 123 - 139
DYS454 tetra- (AAAT)n 11 196 - 204
DYS455 tetra- (AAAT)n 11 168 - 184
DYS459* tetra- (TAAA)n 9 140 - 152

DYS452  penta- (TATAC)2(TGTAC)2(TATAC)n... 30 221 - 251
DYS447 penta- (TAATA)n(TAAAA)1 (TAATA)n... 25 206 - 241

DYS463 penta- (AAAGG)n(AAGGG)n(AAGAA)2 20 224 - 269
DYS446 penta (TCTCT)n 14 288 - 328 

DYS450 penta- (TTTTA)n 9 356 - 371
DYS448 hexa- (AGAGAT)nN42(AGAGAT)n 20 382 - 318

* multicopy Y-STR

[Redd et al. Forensic value of fourteen novel Y-STRs on the human Y chromosome.  
Forensic Science International (in press)]

To be published in Forensic Sci. Int. (Dec 2002)
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Y STR Positions along Y Chromosome

DYS19

DYS385a DYS385b

DYS390DYS391
DYS389 I/II

DYS392DYS393

Minimal haplotype lociMinimal haplotype loci

DYS453 DYS456

DYS446

DYS455
DYS463

DYS458 DYS450
DYS449

DYS454

DYS447 DYS452
DYS448

DYS464a
DYS464b

DYS459a
DYS464c

DYS464d

DYS459b

14 Novel Y STRs from Mike Hammer’s group

heterochromatin
Pseudoautosomal 

region
Pseudoautosomal 

region

DYS464: A Duplicated Duplicate Locus

231,067
1,402,678

223,842

Locus Seq Start Seq End Identity Strand Orientation
DYS464 24,387,514 24,387,796 99.30% -
DYS464 24,618,581 24,618,867 98.90% +
DYS464 26,021,259 26,021,541 98.90% -
DYS464 26,245,101 26,245,375 98.90% +

~225 kb
~225 kb

~1,400 kb

BLAT search results with a single sequence (set of primers)

DYS464bDYS464 a DYS464 c DYS464d

Up to 4 different sized alleles can exist 
(but within a narrow range of 11-19 repeats 

amplified by one set of PCR primers)

a dcb

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

a b c d

a b c d

a
bc d

ab cd

15,17,18,19

12,14,15,16

15,16,16,18

16,16,17,17

Results with a single set of PCR primers

In YCC panel (n = 73)
49 haplotypes observed 

with 1 Y-STR
Only 38 haplogroups 

with 245 Y-SNPs

Some DYS464 Peak Patterns
38 different haplotypes in 61 African American samples

12 13 14 15 16 17 18 1911 14.3Alleles in narrow 
size range (<40 bp)

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., in press)

[AGAGAT]
20-26 repeats

YCC gene diversity 0.782
(Redd et al., in press)

DYS447: Another Highly Polymorphic, Low Stutter Marker

[TAATA]
22-29 repeats

YCC gene diversity 0.781
(Redd et al., in press)

SRM 2395 Y STR 20plex data

~1% stutter 
observed

Even further variation 

shown by sequencing 
alleles
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Y STR Assays and 
Commercial Kits

High-throughput Y STR Typing on the ABI 3100 (16-capillary array)

High-level multiplexing 
enables rapid construction of 
Y STR population databases

High-level multiplexing 
enables rapid construction of 
Y STR population databases

436

H4A7.1
439 435

438 19

392 391
437

Dye 
blob

436

H4
A7.1 439 435

438 19

392 391

437Dye 
blob

Dye 
blob

Male 1

Male 2

Female

Original NIST Y STR 10plex

*Poster at Promega meeting in Biloxi, MS (Oct 2000)

100 bp 200 bp 300 bp 400 bp

437

19

438

391A7.1 H4

439

392

PCR product size (bp)

436

Schematic of Loci in NIST Y STR 10plex

435

TET 
(green)

HEX 
(yellow)

6FAM 
(blue)

Requires filter C on ABI 310

Small products designed to 
better handle degraded DNA

439 389II 438437
391 389I

426 YCAII a/b 390
385 a/b

393

392
H4460 19388

448447

6FAM
(blue)

VIC
(green)

NED
(Yellow)

PET
(Red)

NIST Y STR 20plex Assay

Butler et al. (2002) Forensic Sci. Int., 129:10-24

“extended haplotype”“extended haplotype”

Redd markers

Genotyping performed by size rather than comparison to allelic ladders
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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

Recently Published PaperRecently Published Paper

Y STR 20plex Amplification
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(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-DYS596 
129 new Y STRs

(Manfred Kayser GDB entries)

DYS468-DYS596 
129 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

NIST 10plex (2000)
NIST 20plex (2002)
NIST 11plex (2002)
NIST 18plex (2002)

Y STR Markers and NIST Multiplexes

51 Y STRs
(180 with Manfred’s)

393
426

385 
a/b

389II

460

H4 388

19 392

YCAII 
a/b

389I 437

390

439

391
447 448

438

20plex

456

448

385 a/b

392

389II464

19

390

447450

389I

458

393

391

11plex

18plex

456

448

385 a/b
464 a/b/c/d

447

450
458

1 ng SRM B; 28 cycle PCR

NIST Multiplexes for High-Throughput Y STR Typing

27 different Y STR markers27 different Y STR markers

VIC 
(green)

PET 
(red)

NED 
(yellow)

6FAM 
(blue)

100 bp 200 bp 300 bp 400 bp

391

426

389I 437

19

389II 438

393
YCAII 

a/b 390 385 a/b

460 H4 388

439

392

447 448

PCR product size (bp)

Allele Ranges and Loci in NIST Y STR 20plex

LIZ 
(orange) LIZ GS500-internal size standard

Utilizes 5-dyes

34 primers

100 bp 200 bp 300 bp 400 bp

464 
a/b/c/d 385 a/b

447 448

PCR product size (bp)

Allele Ranges and Loci in NIST Y STR 11plex

458 450456

VIC 
(green)

NED 
(yellow)

6FAM 
(blue)

14 primers

100 bp 200 bp 300 bp 400 bp

391 389I

19

389II

393
464 

a/b/c/d390 385 a/b

392

447 448

PCR product size (bp)

Allele Ranges and Loci in NIST Y STR 18plex

458 450456

VIC 
(green)

NED 
(yellow)

6FAM 
(blue)

26 primers

USACIL 

SAMPLES

N190

N191

Comparison of NIST 18plex & 11plex

USACIL 8 -21-02 Run on USACIL 3100 POP4

456
385 a/b464

447450458
448

456 385 a/b
464

447
450458 448

456

448
385 a/b

392

389II
464

19

390

447450389I458
393

391

456

448

385 a/b

392
389II

46419

390

447

450389I458

393

391

11plex

18plex

11plex

18plex
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PCR Primer Quality Control

• UV Spec to determine 
concentration

• HPLC to evaluate purity

• TOF-MS to confirm correct 
sequence

• CE (ABI 310) to determine 
presence of residual dye 
molecules

6FAM (yellow), VIC (orange), NED (red)

Dye labeled oligos

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

Minimal Haplotype 
+ DYS438, DYS439

Minimal Haplotype 
+ DYS438, DYS439

Comparison of Y STR 20plex to Commerical Y-Plex™ 6 Kit (ReliaGene)

390

389II19
393

391 385 a/b

6FAM 
(blue)

TAMRA 
(yellow)

439 389II 438437
391

389I

426 YCAII 390 385
393

392
H4A7.1 19

388

448447

6FAM
(blue)

VIC
(green)

NED
(Yellow)

PET
(Red)

ReliaGene
Y-PLEX 6

NIST 
20plex

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

Comparison of Y STR 20plex to Commerical Y-Plex™ 6 Kit (ReliaGene)

390

389II19
393

391 385I/II

6FAM 
(blue)

TAMRA 
(yellow)

439 389II 438437
391

389I

426 YCAII
390 385

393

392
H4A7.1 19

388

448447

6FAM
(blue)

VIC
(green)

NED
(Yellow)

PET
(Red)

Full concordance with over 100 samples

Full concordance with over 100 samples

Complet
e a

gree
men

t o
ut o

f 1
,036 possi

ble 
alle

le 
desi

gnatio
ns

ReliaGene
Y-PLEX 6

NIST 
20plex

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

Comparison of Y STR 20plex to Y-Plex™ 5 Prototype Kit (ReliaGene)

439 389II 438437
391

389I

426 YCAII
390 385

393

392
H4A7.1 19

388

448447

6FAM
(blue)

VIC
(green)

NED
(Yellow)

PET
(Red)

ReliaGene
Y-PLEX 5

NIST 
20plex

438
392

389I 389II

439

Methods for Typing STR Samples

• Allelic Ladders
– Available in commercial 

kits

• Precise Sizing (and a 
sequenced sample)

• Locus-specific brackets 
(LSBs)

Allele size is interpolated 

between 2 LSBs

LSB 
small

LSB 
large

Run #1

Run #2

14 TAGA repeats

PCR Product Size = 242.35 bp = allele 13
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389 I                         389 II

393                           390         388

391                               392

YCAII a/b                               19          385 a/b 

Accurate Y STR Typing without Allelic Ladders
Work by OligoTrail LLC (Evanston, IL)

Extended haplotype 
+ DYS388 in a 

single multiplex

Extended haplotype 
+ DYS388 in a 

single multiplex

Locus-Specific Brackets (LSBs ) are artificial alleles that serve as internal sizing standards, one smaller 

and one larger in size than the common set of STR alleles

LSB-small

7

LSB-large

1912

Locus (Dye Color) L S B-small L S B-large Size Range

Common Alleles

DYS389 I 7      9-17 19              145-193 bp
DYS389 II 24     25-34 36               265-313 bp

DYS393 6      9-17 19                 97-149 bp
DYS390 15     17-28 30               202-262 bp
DYS388 8     10-18 20               270-306 bp

DYS391           5      6-14       16               106-150 bp
DYS392 4   6-17       19               243-279 bp

YCA II a/b 8     11-25 26               100-136 bp
DYS19     8     10-19 21               236-288 bp
DYS385 a/b 5       7-23 25               303-383 bp

OligoTrail Y Multiplex and LSBs

Performance of NIST 
Multiplexes on Forensic 

Casework Samples
Work done with US Army Crime Lab (Atlanta)

Samples from 6 previously tested forensic cases
were examined with NIST 20plex, 9plex (minimal haplotype 
multiplex), 11plex, 18 plex and compared to Y-PLEX 6 and 
Y-PLEX 5 kits

USACIL CASE 01-1738 using NIST Y STR 20plex

322.1 San 

Napkin F1

322.3 San 

Napkin F3

322.2 San  
Napkin F2

Ref Standard 
Male

Ref Standard 
Female

Female fraction

Male fraction

Victim

Suspect

Differential 
Extraction

426 385a/b393
YCAII 

a/b 390

392
460

447391 19437
389I 389II

438448

H4
388

439

426 385a/b
393

YCAII 
a/b 390

392
460

447
391

19
437

389I 389II

438448

H4
388

439

Complete Y STR 20 locus match between suspect and evidence (male fraction)

Dye artifact peaks from primers

USACIL CASE 02-0513 run with NIST Y STR 20plex

374.1 Towel rgy 
extn 1ng amp 

F1

Reagent Blank

Ref Standard 

Female

Ref Standard 

Male

426 385a/b393
YCAII 

a/b 390

392
460

447391 19437
389I 389II

438448

H4
388

439

Female fraction

Victim

Suspect

Dye artifact peaks from primers

389I

385

456
458 450

19 392

390
393

464

a b

448
447

391
389II

a

b

d

c

Male Reference (Suspect)

Female Reference (Victim)

Vaginal Swab (female fraction)

Vaginal Swab (male fraction)

319.1

319.2

Y326

Y325

389I

385

456
458 450

19 392

390
393

464

a b

448
447

391
389II

a

b

d

c

Y STR 18plex Results on Forensic Casework Samples

spike

Dye 

artif
act Dye 

artif
act Dye 

artif
actDye 

artif
acts

USACIL 3100 inj 75 (8-23-02) A01, B01, G02, F02
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Y SNP Markers and 
Assays Used at NIST

Instrumentation Required for SNP Assays

Luminex 100 Flow CytometerMulti-Color Capillary Electrophoresis 
(ABI 310 or 3100)

Time-of-Flight Mass Spectrometer Roche LightCycler

SNaPshotSNaPshot

TaqManTaqMan

Luminex BeadsLuminex Beads

Primer ExtensionPrimer Extension

MALDI-TOF Mass Spectrometry 

We have evaluated a number of mass spec SNP typing chemistries

Mass (Da)

R
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e 
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ity

M96

M89

M42

M45

M9

M89-T

M42-A

M96-G

M45-A

M9-C

Y SNP 5plex using UV Photocleavable Extension Primers

Vallone et al. Poster presented at ASMS June 2002

Multiplexing is possible by using primers 
with interleaving masses after cleavage

Multiplexing is possible by using primers 
with interleaving masses after cleavage

Y SNP Multiplex Using 
MALDI-TOF Mass Spectrometry 

ddA
297

ddG
313

ddA
297

ddA
297

ddA
297

M89 M9 M42 M96 M45

R
el
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e 
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ity

Pentaplex using natural extension primers

m/z

P1
P2

P3 P4

P5
Ex1

Ex2 Ex3
Ex5

Ex4

• Challenging to optimize multiplex detection (due to ionization differences)
• Requires expensive instrumentation that will probably not be widely adopted

Examples of NIST Y SNaPshot Assays
Poly(T) tails used to space Y SNP alleles

Currently 29 different Y SNPs are in 5 different multiplexes

M174
T/C

M172
T/G

M112
G/A

M75
G/A

M119
A/C

M170
A/C

M89r
G/A

M9
C/G

M42
A/T

M96
G/C

M45
G/A

Equal multiplexing done at both PCR and SNP levels
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Result from 1 pg (genomic DNA)

mtDNA Coding Region 11plex SNaPshot Assay

3010
4580

12858
16519

7202
7028

5004
10211

4793
477

14470

G

T
G T CA

A

A
T T

T

PCR product sizes kept under 200 bp to 
enable success with degraded DNA samples

Multiplex PCR used to co-amplify all regions 
of interest at once

11plex PCR and 11plex SNP detection
Sites are polymorphic in Caucasians (H1) and 
useful in resolving most common HV1/HV2 types

Y SNP Detection by Hybridization 
Luminex Bead Array Assay

A

T

C

G

G

Luminex 100 Flow Cytometer
100 different colored beads

are possible (potential for 
multiplexing 50 SNP markers)

A

T

T

G

G

S
ig

na
l f

ro
m

 P
C

R
 p

ro
du

ct

Bead identity (SNP marker and allele)

M9

G

C M45M3

T

C

A

G

~30 seconds 

to process 
each sample

Detects labeled 
PCR product

Green laser

Identity of 
bead (probe)

Red laser

G
dye

Signet™ Y SNP Typing 
System (42 Y SNPs + AMEL)

The Y Chromosome Consortium Map 
(2002) Genome Res. 12: 339-348

M42

M9

M94

M45

M89

Position of Marligen 
Multiplex 1 Y SNPs

M60

M175

M168

M207
AMEL 
(X/Y)

M31

Position of Marligen
Multiplex 2 Y SNPs

M32

M33

M35
DYS391

M75

M150 M146
M182

M2

P3 P4

Position of Marligen
Multiplex 3 Y SNPs

M174

M172

M170

M130

M52

M11

M201

Position of Marligen
Multiplex 4 Y SNPs

M3

M5

M95M119

M124

SRY+465

SRY9138

Tat

Position of Marligen
Multiplex 5 Y SNPs

M37
M87

M153
M157

P25 M18
SRY10831

18 major haplogroups A-R
42 Y SNPs Typed with Luminex Assay 

Multiplex 1
AMEL M168 M175 M207 M42 M45 M60 M89 M94

XX or XY (C/T) (+/-) (A/G) (A/T) (A/G) (-/+) (C/T) (A/C)

Multiplex 2
DYS391 M146 M150 M182 M2 M31 M32 M33 M35 M75 P3 P4

(C/G) (A/C) (C/T) (C/T) (A/G) (C/G) (C/T) (A/C) (C/G) (A/G) (C/T) (A/G)

Multiplex 3
M11 M130 M170 M172 M174 M201 M52
(A/G) (C/T) (A/C) (G/T) (C/T) (G/T) (A/C)

Multiplex 4
M119 M124 M3 M5 M95 SRY465 SRY9138 Tat
(A/C) (C/T) (C/T) (C/T) (C/T) (C/T) (C/T) (C/T)

Multiplex 5
M153 M157 M18 M37 M87 P25 SRY10831
(A/T) (A/C) (-/+) (C/T) (C/T) (A/C) (A/G)

17 Y SNPs overlap 
with current

SNaPshot assays

NIST 
Y Chromosome 

Standard Reference 
Material (SRM 2395) 

Status of SRM 2395
NIST Human Y Chromosome Standard

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

• Plan to supply 100 ng of each component
• 22 Y STR markers sequenced to provide certified 

values (number of repeats) 
• 42 Y SNPs typed with Marligen kit
• Interlaboratory testing conducted with ReliaGene

Y-PLEX 6 and Y-PLEX 5 kits
• Plan to have available from NIST Standard 

Reference Material office (www.nist.gov/srm) by 
Jan 2003

• Can be used to verify results with any primer sets

• Will help U.S. labs meet DAB/FBI Standards
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A

B

C

D

E

SRM 2395 Components
NIST Y STR 20plex

426

385a/b
393

YCAII a/b

390
392

460 447

391

19437
389I 389II

438

448H4 388

439

426
385a/b

393

YCAII a/b

390
392

460
447

391

19437
389I 389II

438

448H4 388

439

426 385a/b
393

YCAII 
a/b

390 392
460 447

391

19437

389I 389II
438

448H4 388

439

426 385a/b

393

YCAII 
a/b 390

392
460

447

391

19437

389I

389II 438
448H4 388

439

426
385a/b

393

YCAII 
a/b

390 392
460 447

391

19
437

389I

389II 438
448

H4 388

439

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
DYS464 a/b/c/d

DYS388
DYS426

DYS435
DYS436
DYS437
DYS438
DYS439

DYS460 (A7.1)
Y-GATA-H4

Sequencing Individual DYS385 Alleles

Gel separation

Excision of bands

15 GAAA repeats

12 GAAA repeats

Y-PLEX™ 6 results

A

C

D

B

E

F

393 389II
19

390

391 385

Y-PLEX™ 6 Kit Results on SRM 2395

No result with female DNA

Interlaboratory Confirmation of SRM 2395 
Y STR Allele Calls

• ReliaGene Technologies Inc.
– Y-PLEX 6: DYS19, DYS385 a/b, DYS389 II, DYS390, DYS391, DYS393

– Y-PLEX 5: DYS389 I/II, DYS392, DYS438, DYS439

• OligoTrail LLC
– Locus-specific brackets: DYS19, DYS385 a/b, DYS389 I/II, DYS390, 

DYS391, DYS392, DYS393, DYS388, YCAII a/b

• Peter de Knijff

Y SNP Results on SRM 2395 
from Marligen Signet™ Multiplexes (Luminex bead assay)

42 Y SNPs measured across all samples

SRM 2395 AMEL M207 M45 M89 DYS391 M2 M170 M172 M201
(A/G) (A/G) (C/T) (C/G) (A/G) (A/C) (G/T) (G/T)

Component A XY G A T C A A T G
Component B XY A G T C A A G G
Component C XY A G C G G A T G
Component D XY A G T C A A T T
Component E XY A G T C A C T G
Component F XX

SRM components are all distinguishable from one another with these Y SNPs
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Nomenclature Issues 
for Y STR Alleles 

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 com plete 

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

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

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
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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

Issues with DYS439 Nomenclature

Follow Ayub et al. designation (only variable repeat used)

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

Alleles 9-14

Be Aware of Different Allele Nomenclatures…

Follows original Ayub designation 
(only variable repeat counted)

ReliaGene Y-PLEX 5 kitNIST Y STR 20plex

Follows Grignani designation 
(+7 repeats)

Alleles 16-21 Alleles 9-14

DYS439

Web Resources
Sites for Y Chromosome Marker 

Information and Haplotype
Frequencies

http://www.medfac.leidenuniv.nl/fldo/

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

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

Internet Resources for Y Chromosome Information

http://ycc.biosci.arizona.edu/
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Short Tandem Repeat DNA 
Internet Database

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

STRBase

Y-Chromosome STR Information Available
vOver 200 publications on Y STRs & SNPs cataloged
vAllele information on over 20 Y STR loci
vDownloadable PowerPoint on Y STRs and Y SNPs
vLinks to other Y-chromosome sites
v Information on new Y STR multiplexes developed at 

NIST (published 20plex primers)
vY STR mapped positions along chromosome

Example Y STR Fact Sheet from STRBase
www.cstl.nist .gov/biotech/strbase

We would like to collect variant alleles 
for Y STRs as they are discovered…

U.S. Efforts Towards 
Selection of a Core Set of 

Y STR and Y SNP Markers 

SWGDAM Y Group
• Formed in July 2002
• Members

– Jack Ballantyne
– Bruce Budowle
– John Butler
– Ann Gross, etc.

• 40 sample set selected for screening markers and 
initial testing
– 20 African Americans, 20 Caucasians
– Supplied by Carll Ladd (CT State Police Lab)

• Testing of Y-PLEX 6 and Y-PLEX 5 kits in all labs
• Jack Ballantyne’s lab and John Butler’s lab to 

examine additional Y STR and Y SNP markers in the 
same sample set

Towards Optimal Y STR and Y SNP 
Marker Sets for U.S. Populations

• NIST results on 27 Y STRs and 42 Y SNPs
– 20 African Americans and 20 Caucasians

• Minimal haplotype distinguishes all 40 samples

• Unique haplotypes can be produced with only 4 
markers: DYS464, DYS385, DYS448, DYS390

• All 42 Y SNPs only produced 8 different haplogroups
– 3 Y SNPs most useful were M207, M89, M45

Unique Haplotypes Produced from 
40 SWGDAM Samples

464 +385 +448 +390
20 AA 16 20 20 20
20 C 15 18 20 20

40 total 29 37 39 40

All 40 samples can be fully resolved with only 4 Y STR 
primer pairs (2 new loci not in minimal haplotype)

Multi-copy locus Hexanucleotide 
repeat (low-stutter)
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Y STR ALLELE 
FREQUENCY ANALYSIS

- Allele frequency tables for each Y STR and respective 
ethnicity were generated 

- The 10 most polymorphic loci for each ethnicity is given below 
(out of 27 Y STRs tested)

African American Caucasian
S T R

L o c u s D i v e r s i t y  V a l u e
3 8 5  a / b 0 . 9 2 0

4 6 4  a / b / c / d 0 . 9 1 0
4 4 7 0 . 7 6 0
4 5 8 0 . 7 5 5
4 5 6 0 . 7 5 0

Y C A I I  a / b 0 . 7 3 5
1 9 0 . 6 9 0

4 4 8 0 . 6 5 5
3 8 9 I I 0 . 6 3 5
3 9 3 0 . 6 1 5

S T R
L o c u s D i v e r s i t y  V a l u e

4 6 4  a / b / c / d 0 . 9 0 0
4 4 7 0 . 7 4 0
4 5 8 0 . 7 1 0
4 5 6 0 . 7 1 0
3 9 0 0 . 6 9 0
3 8 9 I I 0 . 6 6 5
4 4 8 0 . 6 3 5
4 3 7 0 . 6 2 0

3 8 5  a / b 0 . 6 1 5
4 3 9 0 . 6 1 5

7 of top 10 polymorphic loci in both Ethnic Groups

385 a/b, 464 a/b/c/d, 447, 458, 456, 448, 389II

Only two of these 385 a/b, 389II are from minimal haplotype

Summary of NIST Y Chromosome Work

• Development of new Y STR multiplex assays     
(Y STR 20plex, etc.)

• Evaluation of SNP typing methodologies and 
development of Y SNP assays involving primer 
extension and the SNaPshot kit

• Creation of a Y Chromosome Standard 
Reference Material (SRM 2395)

• Standardization of information on Y chromosome 
markers with internet accessibility (STRBase)

Rich Schoske
PhD student from American University 

Funded by Air Force

Developing Y STR 
Megaplexes

Developing Y STR 
Megaplexes
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