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Capillary Electrophoresis
in DNA Analysis

Additional Topics: Y-STRs, etc.
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PowerPlex Y Performance in Our Hands

Sept 29-30, 2004

Y-STRs permit extension of possible reference
samples in missing persons cases
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SWGDAM Sub-Committee
on the Y Chromosome
* Formed in July 2002 ¢ U.S. CORE Y-STR LOCI
« Members selected in January 2003
— Jack Ballantyne (UCF) — chair
— Mecki Prinz (NYC) — co-chair « 60 sample set selected for
screening markers and initial
— John Butler (NIST) testing
— Ann Gross (MN)
— John Hartmann (Orange Co.) « Testing of Y-_PLEX 6 and Y-
— Laura Kienker (FBI Academy) PLEX 5 kits in all labs
— Carll Ladd (CT) — All results completed agreed
— Demris Lee (AFDIL) with NIST results sent to
— Phil Kinsey (OR) participating labs in Dec 2002

« Jack Ballantyne’s lab and John
Butler’s lab to examine
additional Y-STR and Y-SNP
markers

Gary Sims (CA DOJ)

Forensic Science Communications July 2 JO—‘] = Volurme 6 = Number 3
Report on the Current-ht;ti.\ritiés of
the Scientific Working Group on DNA
Analysis Methods Y-STR
Subcommittee

delines

Edhtor
About
Inst ; i Scientific Working Group on DMA Analysis Methods Y-5TR
Aughors Subcommittee

Selection of Intreduction
U.S. Core Loci:
DYS19,
DYS385 a/b,
DYS389/1l,
DYS390,
DYS391,
DYS392,
DYS393,
DYS438,
DYS439

oal in the forensic

romosome-specific

usetul addibonal ool in
L

Casework

http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm 2




NEAFS CE-DNA Workshop (Butler and McCord)

European and U.S. Core Y-STR Loci

Marker Name Allele Range Repeat Motif
(repeat numbers)
DYS19 10-19 TAGA \
DYS385 a/b 7-28 GAAA
Minimal DYS389 | 1:9-17 (TCTG) (TCTA)
DYS389 1l II: 24-34 (TCTG) (TCTA)
haplotype
DYS390 17-28 (TCTA) (TCTG)
(Europe) Extended
DYS391 6-14 TCTA haplotype
DYS392 618 TAT (Europe)
DYS393 817 AGAT
us, YCAll alb 1125 oA )
haplotype
DYS438 614 e
DYS439 815 AGAT

Sept 29-30, 2004

% http://www.yhrd.org

As of 5/24/04: 22,872 haplotypes
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Commercial Y-STR Kits Available

« ReliaGene Technologies (New Orleans, LA)

— Y-PLEX™ 6: DYS19, DYS389Il, DYS390, DYS391, DYS393, DYS385 a/b

— Y-PLEX™ 5: DYS389l/Il, DYS392, DYS438, DYS439

— Y-PLEX™ 12: DYS19, DYS385 a/b, DYS3891/Il, DYS390, DYS391,
DYS392, DYS393, DYS438, DYS439, amelogenin

« Promega Corporation (Madison, WI)

— PowerPlex® Y: DYS19, DYS385 a/b, DYS389/Il, DYS390, DYS391,

DYS392, DYS393, DYS438, DYS439, DYS437
« Applied Biosystems (Foster City, CA)

— Yfiler™: DYS19, DYS385 a/b, DYS3891/1l, DYS390, DYS391, DYS392,
DYS393, DYS438, DYS439, DYS437, DYS448, DYS456, DYS458,
DYS635 (Y-GATA-C4), Y-GATA-H4

« Serac (Bad Homburg, Germany)

— genRES® DYSplex-1: DYS389I/Il, DYS390, DYS391, DYS385 a/b,
amelogenin

— genRES® DYSplex-2: DYS19, DYS3891/Il, DYS392, DYS393

« Biotype (Dresden, Germany)

— Mentype® Argus Y-MH: DYS19, DYS385 a/b, DYS3891/Il, DYS390,

DYS391, DYS392, DYS393

mnmarexences COMMercial Y-STR Kits

haplotype)

(White et al.) (Ayub etal.) (lidaetal.) (Redd et al.)
DYS19 A7.1(DYS460) DYS434 DYS441 Bigiis
DYS3891/1| A7.2(DYs461) DYS435  DYS442 oo
DYS390 A10 DYS436 DYS443 DYS449
DYS391] ca DYS437 || DYS444  DYS450
DYS452
DYS438| || DYS445

DYS392) Ha DyYS453
DYS393 DYS439 DYS454
DYS455

DYS385 afb (Bosch et al.)

G09411 (DYS462) |43 (51) Y-STRs
YCAIl a/b ( ) (217 with Manfred's) DYS458

. DYS459 a/b
DYS388 Y-PLEX 6 (Rel.laGene) DYS463
DYS425 Y-PLEX 5 (ReliaGene) DYS464 a/blc/d
DYS426 DYS468-DYS645

PowerPlex Y (Promega) 166 new Y STRs
YCAIll alb Yfiler (Applied Biosystems) (Manfred Kayser GDB entries)

Y-STR Kit Results with SRM 2395

Component A

New Y-STR paper

June 2004 issue of American Journal of Human Genetics

A, . B, Gausst, T8:0183-1197, Jood

A Comprehensive Survey of Human Y-Chromosomal Microsatellites

Manired Kayser,'" R:lll. Kittler,"* Axel Erler,"* Minttu Hedman,® f\ndw}\ . Lee)?
Aisha Mobyudding® 5. Qasim Mehdi,* Zoié Rosser, Mark Stoneking,” Mark AL Jobling,’
Antti Sajantila,;” and Chris TylerSmith**

Sarger Inetituse,

« Searched for all regions with 28 consecutive repeats
and 2,3,4,5,or 6 bp repeat units

» Discovered 139 new polymorphic Y-STR loci (166
male-specific)

* Only studied so far in 8 different samples

http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm 3
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U.S. Population Data on 22 Y-STRs

Sept 29-30, 2004
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High-throughput Y-STR typing of U.S. populations with
27 regions of the Y chromosome using two
multiplex PCR assays
Richard Schoske™", Peter M. Vallone®, Margaret C, Kline",

Junctte W. Redman®, John M. Butler™’

“Bisechnelery Division. Natona Inrinue of Technology 100 Bureaw Dive, Mall Srap 8311, Galthersbury. MID 20869, USA
g tment of Chemisire, Americes Uriersivy, Wsiingto, D0 20008, 151
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pdf file available at http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

T-5TR.  Fooled Population  Afncan Amencan Caucanan Hispansc
US haplotype STR diversity STR diversity STR diversity STR drrersity
[Reliagene kits) (M=647) Famk (M=264) Rk (M=244) Ramk (M=143) Rank
DYS4Ed 0556 1 095 1 053 1 0537 1
arbield
Yiler 0%z 2 0942 2 0838 2 0501 2
(ABI) A an 0790 3 0797 3 0701 5 0712 4
—> DYS458 0765 4 075 3 0743 3 0793 3
0764 5 0664 10 0T s 0665 13
DYSHT 0747 & 0767 4 0E83 7 0748 5
[Dyssesm 0736 7 0rze 6 0675 3 0734 &
— DTsa 0721 8 07 6 0595 11 004 8
—> DYS456 0700 3 0671 9 0731 4 0695 9
PowerPlex Y 0691 10 0560 13 05M 12 0690 10
(Promega) 0676 11 073 6 0452 19 0672 12
0656 12 063 11 0639 9 on? 7
—> —> " DTA37 | 0637 13 04% 17 0583 13 0624 14
—  Hd 0611 14 0612 12 0562 14 0608 15
+C4—> 0608 15 043 20 059 10 0673 11
DYS460_ 0570 16 0568 14 0555 15 0.55 18
0545 17 053 16 0538 17 0596 16
053 18 0447 1% 0552 16 0517 17
DYs4z6 0519 19 0375 21 0482 20 0522 19
DYS450 0489 20 0487 18 0177 22 0414 21
0485 21 0586 13 0363 21 0448 20
DYS388_ 0365 22 0246 22 0501 18 0312 22

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

Y-Chromosome Standard NIST SRM 2395

STANDARD HEFEIINCE MATRIIALS Human Y-Chromosome DNA Profiling Standard

< *5 male samples + 1 female sample (neg. control)
Human Y Chromosame

DNA o ~
Companeniis A—F 100 ng of each (50 uL at ~2 ng/pL) $248

Store at -20°C +22 Y STR markers sequenced

it g e

NIST «9 additional Y STR markers typed

it bt o Vo e Tachomgt
*42 Y SNPs typed with Marligen kit

Rimemcs. 11 Toperaems i Lt

Certified for all loci in commercial Y-STR kits:

Y-PLEX 6 SWGDAM recommended loci:
Y-PLEX5  bys19, Dys3ss alh, DYS3891/I,
Y-PLEX 12  DYS390, DYS391, DYS392,
PowerPlex Y DYS393, DYS438, DYS439

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

Helps meet DAB Standard 9.5 (and ISO 17025)...traceability to a national standard

FMBIO Il and ABI 3100 Results with Y-PLEX™ 12

SRM 2395
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Y-STRs in Casework

July 2004 issue of Journal of Forensic Sciences e e 0 T

Available cnlin a: woww asam ooy

Sudhir K. Sinka,' PhD.; Bruce Budowle” PhuD.; Ranajit Chakraborey,” PhD.; Ana Paunovic,' B.S.;
Robin DeVille Guidry' BS.: Chris Larsen,' M5, Amrita Lal." MS.FS.: Megan Shaffer! PhD.;
Gina Pineda.' iddhartha K. Sinha.! B.S5.: Elaine Schneida, B.S.: Huma Nasir,! B5.:

and Jaiprakash G. Shewale' PhD.

Utility of the Y-STR Typing Systems Y-PLEX™ &
and Y-PLEX™ 5 in Forensic Casework and

11 Y-STR Haplotype Database for Three Major
Population Groups in the United States™

TABLI | —¥-ST cunnen mring dhe FPLEX™ 6 and FPLEXT™ 3 ki shat have boew accepird in £5 comri
Case Dute Judition Dodet No. Betes
Stame of LA v Samwet Williarm Crteann. Parih are-as Creminal paoermity case
Sume of M5 va. Leon Felder Fike Connty DRI ]
Stase ol GA v, All R Shobass Dekalh Cousiy O1CR402
Usited Siates v, 5pe. Michael Kelly L Kaon
Suse ol OH +s. Chckic Umnworth 21603 Lucan Comety G481 -CR 200301310 Dissbscnt Hearing

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

http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm 4
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Small Volume PCR

using STR kits with single source samples

Sept 29-30, 2004

References on Reduced Volume PCR

« Gaines ML, Wojtkiewicz PW, Valentine JA, Brown CL. Reduced volume
PCR amplification reactions using the AmpFISTR Profiler Plus kit. J
Forensic Sci 2002; 47(6):1224-1237.

« Leclair B, Sgueglia JB, Wojtowicz PC, Juston AC, Fregeau CJ, Fourney
RM. STR DNA typing: increased sensitivity and efficient sample
consumption using reduced PCR reaction volumes. J Forensic Sci 2003;
48(5):1001-1013.

« Fregeau CJ, Bowen KL, Leclair B, Trudel I, Bishop L, Fourney RM.
AmpFISTR profiler Plus short tandem repeat DNA analysis of casework
samples, mixture samples, and nonhuman DNA samples amplified under
reduced PCR volume conditions (25 pL). J Forensic Sci 2003; 48(5):1014-

« Butler JM, Schoske R, Vallone PM, Redman JW, Kline MC. Allele
frequencies for 15 autosomal STR loci on U.S. Caucasian, African
American, and Hispanic populations. J Forensic Sci 2003; 48(4):908-911.

Identifiler 5 uL PCR Protocol

Identifiler PCR amplification was carried out on a GeneAmp® 9700
using 1 ng of DNA according to kit protocols with the exception of
reduced volume reactions (5 pL instead of 25 pL) and reduced cycles
(26 instead of 28).

Amplification products were diluted 1:15 in Hi-Di™ formamide and
GS500-LIZ internal size standard (0.3 uL) and analyzed on the 16-
capillary ABI Prism® 3100 Genetic Analyzer without prior denaturation
of samples.

POP™-6 (3700 POP6) rather than POP™-4 was utilized for higher
resolution separations.

Allele calls were made in Genotyper® 3.7 by comparison with kit allelic

ladders using the Kazaam macro (20% filter).

Butler JM, Schoske R, Vallone PM, Redman JW, Kline MC. Allele frequencies for 15 autosomal STR loci
on U.S. Caucasian, African American, and Hispanic populations. J Forensic Sci 2003; 48(4):908-911.
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Identifiler 5 uL PCR
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ABI 310 Reagents and Operating Costs

ABI 310 Reagent Costs for 500 samples factor for 500 | Total Cost
Part Number | Quantity Provided Cost| 1000 runs with P+C
Capillaries 402839 | Sipk (47cm x 50 um uncoated) | $294. 2 588
POP-4 polymer 402838 5mL $196 2 s
Bufer, Genetic Analyzer 10X 402824 |25mL 78 1 s
Sample tubes (0.5 mL) 401957 |500/pk $52 2 s
Septa for tubes 401956 |500/pk $163 2 s
Formamide, Hi-Di 4311320 |25 mL (for ~1000-1500 samples) | $29 1 s
GS500-ROX size standard 401734 800 tests/pk 260 125 $325
Matrix standards 4312131 |5FAM, JOE, NED, ROX $70 1 s
PCR tubes, strips. NB01-0580 | 1000/pk 76 1 s
PCR tube caps NB01-0535 | 1000/pk $60 1 60
Pipet tips ~$0.101tip x 550 tips 55 2| si0
Profiler Plus STR kit 4303326 |100 testsikit $2,018.94 5/ $10,005
COfler STR kit 4305246 |100 tests/kit $1,816.54 5| $9,083
Syringe, Kioehn 1.0 mL 4304471 |each $82 1 se
Genetic Analyzer vials, 4 mL 401955 50/pk $62 1 $62
48-tube sample tray kit 402867 |each $230 1 s230

*following manufacturer’s protocols (based on 500 samples total)
Total per Sample Cost to Obtain Result on 13 CODIS
core loci (with Profiler Plus and COfiler STR kits): $43.42

(materials other than STR kits = $5.06) 10 uL PCR (1/5 vol)
=$12.73

http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm 5
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Sept 29-30, 2004

An Alternative Source for ABI 310 Supplies

The Gel Company http://www.gelcompany.com
1-800-256-8596

Aevmrarier

Scrmaarien
Sccmamaries
Combn | Fiies | Sesoor | Svimom

Aqczmaries
] Accessaries |

ot | Pam | eom | e
.!mml!nu: |

Capillaries, 47cm, 310, internally uncoated, fused silica (5pack) |$160 ABI = $294

10X Genetic Analyzer Buffer, 310, WEDTA, used w/POP-6, 25ml| $45 ABI = $78

Consumables for ABI 310/3100
What we use at NIST

+ A.C.E.™ Sequencing Buffer 10X (Amresco)
— $155/L = $0.0155/mL 1X buffer (costs 20 times less!)
— http://www.amresco-inc.com

« 3700 POP-6 Polymer (Applied Biosystems)
— $530/200 mL = $2.65/mL (costs 20 times less!)

What ABI protocols suggest

+ 10X Genetic Analyzer Buffer with EDTA
— $78/25 mL = $0.312/mL 1X buffer (ABI)

+ 3100 POP-4 Polymer
— $365/7 mL = $52/mL

Overall Thoughts on the ABI 310

« Settling on a common instrument platform has been
good for the forensic DNA community in terms of
data consistency (this is also true with the use of
common STR kits)

« | am concerned that the community is very
dependent primarily on one company...

« | really like using the instrument and can usually get
nice data from it

¢ Like any instrument, it has its quirks...

Validation Standardization Effort

John Butler (NIST), Christine Tomsey (PA State Police), Margaret Kline (NIST)

« Survey of laboratory practices with questionnaire
« Literature Review
¢ Lab notes review/interviews of a few laboratories

* Recommendations for minimum sample numbers
— an effort to define the minimum number of samples needed to reliably
validate DNA typing procedures
through a survey of standard practices currently used by practitioners
in forensic DNA laboratories
— results will be summarized at the Promega meeting in October 2004
and made available on the NIST STRBase web site.

« There is a lot of interest from the companies to have
guidance in developmental validation and from
practitioners for internal validation

Revised SWGDAM Validation Guidelines
(July 2004)

http://www.fbi.gov/hag/lab/fsc/backissu/july2004/standards/2004_03_standards02.htm

Farensic Science Communications JUty 2004 - Volsme 6 - Mumber 3

ards and Guidelines

Revised Validation Guidelines

s Sclentific Working Group on DNA Analysis Methods
(SWGDAM)

</ 3. Internal Validation
et | ..a total of at least 50 samples
(some studies may not be necessary...)

o f f2=

)
fory Digest 19

nce Communications avallabie
iyt

Vieodis?a him)

The provides validatil idelines and definiti pp! by SWGDAM July 10, 2003.

A Comment on Minimum Numbers of
Samples for Validation Studies...

Impact of Number of Experiments on Capturing Variability in a Population of Data
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2 | 318 50| 2.01
@ 100 | 1.98
£ 107 [ = [zm 500 | 1.96
3 6 | 257 :
2
S g 7 2.45 10000 | 1.96
o
% 6 8 | 236 1.96 for an
2 9 | 23 infinite number
8 10 | 2.26 of samples
§ 47 tested
g
E
0 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
# Experiments Conducted

http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm 6
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Steps Surrounding “Validation” in a Forensic Lab

Effort to Bring a Procedure “On-Line”

This is what takes the time...
+ | Installation — purchase of equipment, ordering supplies, setting up in lab

« | Learning — efforts made to understand technique and gain experience 11 7 g
troubleshooting; can take place through direct experience in the lab or vicariously SS u e O C C u racy I n
through the literature or hearing talks at meetings

« Validation of Analytical Procedure — tests conducted in one’s lab to verify FO re n S | C D NA TeStI n g

range of reliability and reproducibility for procedure

+ SOP D — creating interp) ion guideli based on lab experience
+ QC of Materials — performance check of newly received reagents
+ Training — passing information on to others in the lab

* Qualifying Test — demonstrating knowledge of procedure enabling start of casework

+ Proficiency Testing — verifying that trained analysts are performing procedure
properly over time

Ehe New iltl_l_'_kL Eimes

me

Recent Examples of Lab “Problems”

March 11, 2003
Review of DNA Clears Man Convicted of Rape
¢ Houston Police Department BY ADAMLIPTAK
— Incompetent or untrained scientists with poor When Josiah Sutton went on tial for rape n 1999, prosecutors in Houston had
A little to build a case on. The victim was the only eyewitness, and her recollection
fundlng ‘ was faulty. But they did have the rapist's DNA, and technicians from the
‘ Houston police crime laboratory told the jury that it was a solid match,

« FBI Laboratory

That was enough to persuade the jurors to convict Mr. Sutton and send him to

. . . Originally tested with i
— Rogue technician who did not run negative D%Al fatherthan prison or 25 years
controls But new testing has conclusively demonstrated that the DNA was not Mr.
STRs and was Sutton's, the Houston Police Department said yesterday.

. WaShingtOn State Police “included” in a mixture The retesting is part of a review of the laboratory that began after a scathing state
. . _ audit of its work led to a suspension of genetic testing in January. Mr. Sutton's
— Accidental sample switch of victim and suspect apparent exoneration is the first to result from the review.
samples resulted with incorrect association of
suspect to crime scene

Legal experts say the laboratory s the worst in the country, but troubles there are
also seen in other crime laboratories. Standards are often lax or nonexistent,
technicians are poorly trained and defense lawyers often have no money to hire
their own experts. Questions about the work of laboratories and their technicians in

Josiah Sutton, 21, who was serving Oklahoma City, Montana and Washington State and elsewhere have led to similar
a 25-year sentence for rape, was reviews. But the possible problems in Houston are much greater. More defendants
exonerated by outside retesting from Harris County, of which Houston is a part, have been executed than from any

of Houston police DNA evidence. other county in the country.

Ensuring Accurate Forensic DNA Results

] i1 iy mmo 136 708 b The FBI DNA Laboratory:

Proficiency
Testing of
Analysts

Insi

ON THE NEWS

Payi Vulnerabilities

Accreditation

= S ] AReviw of Potocol and Pracice ASCLD-LAB
ght

HABLE OF COMTENTS s ~ Hanonal

Inside the DNA Labs

Pcited My 28,

Rocked by
allegabons of decet,

Inspections/
Audits

Increasingly are

NIST

Standard
(SRMs)

finding themsehes
under both federal

the FE
Dy

Office of e lnspector General
My ik

http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm 7
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Role and Purpose of a NIST SRM

« DAB Standard 9.5 states ...The laboratory shall check
its DNA procedures annually or whenever substantial
changes are made to the protocol(s) against an
appropriate and available NIST standard reference
material or standard traceable to a NIST standard.

* NIST SRM provides certified values that may be used to
calibrate a procedure and demonstrate that reliable
results may be obtained

— SRM 2391b is for CODIS loci and other autosomal STRs
— SRM 2395 is for Y-STR and Y-SNP markers

— SRM 2392-1 is for mtDNA

— SRM 2372 will be for human DNA quantitation

Sept 29-30, 2004

Forensic Bioinformatics, Inc.

http://www.forensicbioinformatics.com/

- - Qe

; Genophiler Analysis Report
S Farensic Biocinformatics

forensic T 46027 7) 426027
Bkt Phone: (037) 426-0270 Fax: (037) 4260271

_ forensic
bioinformatics

Defense experts that evaluate and often contest
STRresults...

Forensic Bioinformatics 2850 Presidential Drive Suite 150, Fairborn, OH 45324 (937) 426 -9270

Twelve important questions always need to be asked about DNA evidence:

1. Has the prosecution documented the entire history of the key evidentiary samples from
the time of collection to ultimate disposition, including records of all examinations and tests
performed on those samples?

2. Is it possible to determine with certainty the nature of the biological material from which
the DNA originated? (Particularly in sexual assault cases, it may be important to know
whether a sample linked to a suspect originated from semen or some other biological material.)

3. Has the testing laboratory been audited or evaluated by an outside agency? If not, why
not? If so, has the prosecution provided copies of the audit documents?

4. Is the testing laboratory accredited? If so, by what agency? If not, why not? (Did the
laboratory seek accreditation and fail? If so, has the prosecution provided a copy of the report
of the accreditation committee?)

5. Has the laboratory participated in a proficiency testing program? If not, why not? If so,
has the prosecution provided documentation of the results?

6. Are there any inconsistencies between the DNA profiles that the lab declared to
“match”? Are there any “missing” alleles or “extra” alleles that complicate the interpretation of
the test results?
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Thank you for your attention...
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Twelve important questions always need to be asked about DNA evidence:

7. Did the laboratory run all necessary control samples? Did the control samples produce the
expected results?

8. Did the laboratory employ “blind” procedures for interpreting the test results? (Failure to use blind
procedures can result in “examiner bias” - i.e., the tendency for an analyst to interpret ambiguous data in a
manner consistent with the expected or desired outcome and may therefore be an unreliable/incorrect
scientific procedure.)

9. How much DNA did the evidentiary samples contain? (Knowing how much DNA was present may help
you evaluate whether the results could be explained by contamination or inadvertent DNA transfer.)

10. Do any of the key actors in the case have close relatives who might have been involved? (Labs
typically estimate the frequency of DNA profiles among unrelated individuals . The probability of a chance
match between DNA profiles is always higher for relatives than for unrelated individuals.)

11. Have the isti i been properly in with

methods? Do they address the right issue? (There it to be L the
proper way to generate statistical estimates for comparisons involving mixed samples and partial or
incomplete profiles. Labs often choose methods that are unfairly slanted against the accused.)

12. Is there evidence of unreported additional contributors to any samples? (Labs overlook
or fail to report weak results that may indicate the presence of an additional contributor to evidentiary
samples.)
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