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DECISION AND ORDER REGARDING

DEFENDANT’S_MOTION IN | TMTNE TO EXCLUDE RESULTS OF DNA TESTING

I. Introduction.

Defendant is charged with the second degree murder of Lyda Jameson on March 2,
1976. During the autopsy of the victim's body, “a number of human hairs not matching the
victim were collected from Jameson's body.”’ Defendant, (as well as at least 24 other
persons), had attended a party near the victim’'s resdence, where the body had been found.
According to the affidavit of probable cause, the hairs collected from the deceased’s body
displayed the same microscopic characteristics as hars obtained from Defendant.

In March, 1994, samples of har recovered from the deceased's body were sent to
Cellmark Laboratories to determine if DNA could be recovered from the samples and typed.
DNA andyss wes later performed by Gendlex Laboratories as well. Both |aboratories have
reported DNA typing profiles which are congstent with Defendant's DNA profile. Defendant
has filed a motion in limine seeking to exclude the results of DNA andysis on thfe grounds:
(1) DNA andyss utilized by the laboratories does not comply with minimum standards
enunciated in Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993) and State v.—

Streich, 163 Vt. 33 | (1995); (2) Deficient laboratory methodology makes the testing results
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unreligble; and (3), the prejudicial.effect of admitting the evidence outweighs whatever

probative vaue it may have

The admissibility of DNA’ test results for incluson based on PCR techniques has not
yet been reviewed by the Vermont Supreme Court. This Court conducted evidentiary
hearings concerning admissibility of the DNA fest-results al the Costello Courthouse in
Burlington on December 6-10, 1999, December 17, 1999, and February 17, 2000, taking
testimony from six prosecution experts and three defense experts. The transcript from the

hearings numbers over 1000 pages and the record contains over 100 exhibits.

I[I. The Legd Standard.

In State v. Streich, 163 Vt. 331 (1995), the Vermont Supreme Court adopted the

standard enunciated by its federal counterpart in Daubertv.—Merrell-Dow—Pharmacedticals-
Inc., 509 U.S. 579 (1993) to test the admissibility of novel scientific evidence in Vermont
courts. Sreich, 163 Vt. a 342. The Daubert decison replaced the then-widely accepted
"Frye® ‘generd acceptance reguirement with a flexible standard governed by two principles:

reliability and relevance” Streich 163 Vt. at 342, citing Daubert, 509 U.S. at 595.

Rdiahility is assured if the expert testimony is supported by “scientific
knowledge” defined as information that is more than a subjective bdief or
unsupported speculation, and that is grounded in the methods and procedures of

science.. . . Science represents a “‘process for proposng and refining
theoretical explanations about the world that are subject to further testing and
refinement.’

Streich, 163 Vt. at 343, quoting Daubert, 509 U.S. a 590 (emphasis in origina).

The Vermont Supreme Court proceeded to adopt the “four non-exclusive factors

2 See Frye v. United States, 293 F. 1013 (D.C. Cir.1923).
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desgned to assg a trid judge how to determine whether expert testimony was sufficiently
rooted in ‘scientific knowledge to be admissble” Id. at 343.

(1) Whether the theory or technique involved is capable of being tested;

(2) whether the theory or technique has been subjected to peer review and
publication;

(3) the known or potentid rate of error associated with the scientific technique;
ad

(4) whether the theory or technique has been generdly accepted in the scientific
community.

Id. a 343 (citations to Daubert omitted).

As in the Streich case, the rdlevancy component of the analyss is not at issue. Here,

as in Sreich, the identity af the papetrator @ the offénse is a key factud issue. | S

shows that the DNA profile of the hairs found a the crime scene matches Defendant’'s DNA
profile, such evidence is dearly relevant. |d. It is the purpose of this decison to apply the

Streich/Daubert standards to the credible evidence.

[11. The State’s Witnesses
A. Dr. Robin Cotton.

Dr. Robin Cotton is the forensic laboratory. director a& Cellmark Diagnogtics, a
privatey-owned laboratory engaged primarily -in forensic testing, in Germantown, Maryland.
She has a bachelor of science degree and a master’s degree, both in biology, and both from
Southern Methodist University in Dalas, Texas She dso has a Ph.D. in molecular biology
and biochemistry from the University of Cdifornia a Irvine. After receving her Ph.D., Dr.
Cotton was employed a the Universty of lowa for three years as a post-doctord felow in the

Depatment of Biochemistry. She subsequently worked as a steff fellow for five years at the

Nationa Inditutes of Hedth, and in 1988 left NIH to work a Celmark. Since obtaining her



Ph.D., she has engaged in continuing education, including severd professond meetings each
year. She has published five or Sx peer-reviewed articles, aswell as other articles which are
not peer-reviewed. Since. 1988 she has given presentations d scientific conferences relating to
the use of DNA typing on biological evidence In her current posiion at Cellmark, she is
respongble for overdl supervison of the forensc laboratory, doing technica review, aong
with two other Ph.D. level scientists, of cases tested in the laboratory, and testifying in court
when necessary. She has supervised gpproximately 500 cases each year since 1990, and has
done a technical review of approximately ‘a quarter of those. She has previoudly testified as
an expet on the use of DNA technology to identify genotypes in biologicd evidence and to
compare those to known individuds. She has tedtified about 150 times in about 35 states.
The Court finds that Dr. Cotton is qudified as an expert in molecular biology and DNA
identification methods. (Tr. 12/6/99 at 4-9).

B. Anjali Swienton.

Anjdi Swienton (known as Anjdi Ranadive a the time of the testing she conducted in
connection with this meatter), is currently employed by ACS Defense, an on-dite federd
contract& of the Nationd Inditute of Justice, the research branch of the United States
Depatment of Justice. Her current work involves administering grants through the Office of
Science and Technology in the Investigative and Forensc Sciences Divison of NIJ, the bulk

of which are concerned with DNA improvement capabilities and capecities. She is dso a
‘second-year student at the American University Law School in Washington, D.C. She was

employed by Cellmark Diagnostics from June, 1991 through March, 1998, first as a laboratory

assgant, then as an andys in the Paernity Divison, and later as an andyst in the Forensc



Divison. She worked on paternity cases for about a year, usng DNA technology, before

spending about four and a haf years in the Forendc Divison. She holds a bachelor's degree
in biology from Johns Hopkins Univerdty in Bdtimore, Maryland, and a maeder’s degree in
forendc stience from George Washington University in Washington, D.C. Throughout her
tenure a Cdlmark, Ms. Swienton was given standard training for each of the different DNA
procedures for which she did casework. These usudly involved severd months of training
usng mock samples obtained from the quaity control manager. She was required (0
demonstrate proficiency with the mock samples, then was given a proficiency test. After
completing this training, she would use that particular technique in casawork. She estimated
that she had done severa hundred cases involving the PCR technique, with each case
involving one to dozens of samples. The mgority of those cases involved the
Polymarker/DQAlpha sysem. She estimated she had aso done about two hundred cases
involving the CTT STR system, as well as about a hundred additional cases using a gd-based
+ system other than the CTT STR sysem. She was a0 involved in RFLP testing, a non-PCR,
gel-based system, in the Paternity Division, as well as in typing convicted sex offenders under
Cellmark contracts with two dates, aso usng RFLP technology. While employed a
Cdlmark, she was required to undergo a minimum of two proficiency tests per year for each’
type of system in which she conducted casawork. To the best of her knowledge, she passed
every proficiency test that she took. While employed a Celmark, she was dso involved in
continuing education, including both in-house training and nationd forensc meetings. While
employed a the Jugtice Department, she has been involved in organizing conferences

involving forensc DNA testing, and has atended severa nationd and locd and FBI



soonsored mesetings as wel. She is a member of the American Academy of Forensc Sciences
and the Mid-Atlantic Association of Forensic Sciences. The Court finds that Ms. Swienton is
qudified as an expert in the laboratory andysis of DNA using PCR, reverse dot blot and ge
electrophoresis systems. (Tr. 12/1 7/99 at 6-14).

C. Juliet Harris.

Juliet Harris is employed as a daff DNA andys a Cellmark Diagnogtics. Her duties
involve taking custody of forendc evidence and conducting DNA testing on that evidence,
She has been employed in tha position Snce May, 1999. She has a bachelor of science
degree in biology from George Washington Univerdty in Washington, D.C., and a maders
degree in crimind judtice from the Universty of Colorado. Before working at Cdlmark, Ms.
Harris conducted RFLP DNA typing a the Fairfax Identity Laboratories in Fairfax, Virginia
She dso worked for the American Red Cross in Bdtimore, Maryland, in their
hisocompatibility laboratory, which does DNA typing relaing to matching up transplant
donors and patients. She was also employed at the Colorado Bureau of Investigation for
about eight months, working in the crime laboratory, DNA and serology sections. She made
solutions relaing to DNA typing, poured gels, and conducted similar duties. She has received
spedidized training in PCR techniques, including attendirg an STR workshop at the South
Cadina Law Enforcement Divison in June, 1999, as wdl as traning a Cdlmak. The
South Carolina training dso included capillary dectrophoresis. She has conducted a few
hundred PCR tests, incorporating a few thousand samples. She has conducted approximately
one hundred DNA tests using capillary eectrophoresis. While a Cdlmark, she has undergone

one proficiency tedt, utilizing the PCR and cepillary eectrophoresis sysems, and obtained the



expected results. Ms. Harris ha; not contributed to any scientific publications. The Court
finds that Ms. Harris is qualified as an expert in the laboratory analyss of DNA using PCR
and capillary eectrophoresis. (Tr. 12/8/99 at 83-87).
D. Dr. George Riley

Dr. George Riley is a conaulting forensc scientist, prior to which he was the scientific
director of Gendlex, a amdl DNA testing company located in Sedttle, Washington. He was
employed a Gendex for aout four and a hdf years, leaving shortly before tedtifying in this
case. He holds a bachelor of science degree in biology from Dickinson College, and a Ph.D.
in biology from Georgetown University. His post-doctorate employment included a research
postion in the Genetics Depatment of the University of Washington, and a research position
a the Sedttle Biomedical Research Inditute. Since obtaining his Ph.D., Dr. George Riley has
engaged in'both genetics training and molecular biology training. He dso engaged in
continuing educetion as a pat of his employment & Gendex. He has published a number of
papers, the mgority of which have involved methods used in DNA tedting, dthough not
specificdly related to forensc DNA testing. He has dso made a number of presentations at
scientific conferences, the majority of them concerning forensc science.  His duties a
Gendex included supervisng the paternity and forendc laboratories, as wel as the convicted
offender data bank testing laboratory. He reviewed work done by others as well as
conducting some of the andyticd work himsdf. He conducted the scientific management of
the laboratory and Conducted vadidation studies, among other duties. He has conducted
approximately 1,500 DNA tests himsdlf, reviewed gpproximately 10,000 additiond DNA tests,

and supervised approximately 20,000 DNA tests. He has testified on about sixteen occasions



as an expert in DNA tedting, eeven times for the prosecution, and 4 times for the defense, in
about thirteen jurisdictions. The Court finds that Dr. George Riley is qudlified as an expert in
molecular biology and DNA identification techniques. (Tr. 12/7/99 at 66-72).

E. Piper Schwenke.

Piper Schwenke is currently employed a Cwiklik and Associates, in Sedttle,
Washington, and is dso sdf-employed as a DNA consultant. Cwiklik and Associates is a
forensc science firm, and Ms. Schwenke provides forensc support. Before beginning her
employment there gpproximately a month before the hearing in this matter, she was employed
a Gendex Corporation, where she worked for about three years. At Genelex she was
employed as a forendc scientist, and her duties involved DNA andyss in crimind and civil
caes. As such, she examined evidence, extracted DNA, and performed PCR typing using
STR and Polymarker/DQAlpha systems, as well as RFLP andysis. She has a bachelor’s
degree in ‘biology and psychology from Nebraska Wedeyan Universty, and has adso taken
graduate courses in immunology and genetics a the Universty of Nebraska in Lincoln. She
adso has an associa€e's degree in biotechnology from Seettle Centra Community College: At
Gendex, Ms. Schwenke was trained to do DNA extractions using various extraction
techniques on varying cdlular materia and subdrates. She was also trained to do DNA
quantitation, RFLP testing, fluorescent STR testing, and Polymarker/DQAlpha tesing. She
has conducted gpproximatey 100 tests involving the PCR technique. She underwent
approximately §x proficiency tests while a Gendex, and the results were correct in each
case. Sheis a member of the Northwest Association of Forensc Science and the Puget Sound

Forensc Science Association. The Court finds that Ms. Schwenke is qudified as an expert in



the laboratory andysis of DNA. (Tr. 12/8/99 at 3-8).

F. Dr. Frederick Bieber.

Frederick R. Bieber is currently employed as a professor at Harvard Medicd Schooal,
where he teaches medica and graduate students in genetics and forensic science. He dso
works a Brigham and Women's Hospitd as a medical geneticist. He earned a bachelor's
degree in liberd arts, with a concentration in biology, from the State Universty of New York,
and a master’s degree in genetics a the University of Rochester School of Medicing, and a
Ph.D. in human genetics from the Medica College of Virginia in Richmond. In 1980, he
began a three-year post-doctoral fellowship in medical genetics at Harvard Medicad School
and at the Massachusetts Genera Hospitd. In 1983, he was agppointed to the faculty at the
Harvard Medica School. He holds certifications from the American Board of Medica
Genetics in three areas, medica genetics, dinica cytogenetics, and clinicd molecular
genetics. He is licensed by the State of New York as a laboratory director in genetic testing
and paenity and identity testing. His professond organization memberships include the
American Society of Human Genetics, the American Board of Medicd Genetids, the
American Academy of Forensc Sciences, and the Association for Molecular Pathology. He
has published an etimated gxty or seventy aticles in the area of molecular biology in peer
reviewed journas. He is currently on the editorid board of Clinicad Genetics, and served
previoudy on the board of Clinica Dismorphology. He has dso given presentations an
edimated forty to fifty times to various organizations, including teaching conferences a MIT

and a Harvard Universty, and at crime laboratories around the country, on the topic of

forensic uses of DNA. As laboratory director, he supervises the genetic and autopsy studies



on al deceased newborns, inIIb(;rn infants, and spontaneoudy aborted fetusés that may have
genetic disorders.  He consults with families in the genetics dinic severd days a week
concerning genetic diseases or abnormal prenatal ultrasounds.  He teaches residents about
genetic disease, and he is one of the directors of the diagnogtic laboratory that serves Brigham
and Women's Hospital, Massachusetts Generd, Children’s Hospitd, and the Dana Farber
Cancer Indtitute. That laboratory performs genetic studies on blood samples, skin biopsies,
tumor cdls, and bone marrow samples, and issues laboratory reports on those diagnostic
findings. Dr. Bieber is ds0 involved in forensc consulting work, which involves teaching
atorneys around the country about genetics, especidly forensc genetics and often
mathematical genetics as it relates to identity testing and peternity testing. He serves on the
Advisory Board of the American, Prosecutors Research Indtitute in Alexandria, Virginia, part
of which involves putting together three and four-day courses which take place two to four
times a year to teach prosecutors and judges about the use of DNA evidence. He is dso
active with Massachusetts Continuing Legal Education, and is the director of a major course
on DNA technology for that group, the participants in which are primarily defense attorneys.
He has been hired by lawyers on both sdes of crimind cases for review of DNA tedts, and is
a liged consultant for the Committee for Public Counsdl Services, which is an organization of
public defenders. He aso consults in mapractice cases involving medical genetics. In the
course of his work, he frequently uses datisticd analyss and population genetics Satistica
information. He has studied math and datistics throughout his education, in both
undergraduate and graduate work, and probability theory dtatistics, epidemiology; and

population genetics, which is a subspecidized branch of genetics. His Ph.D. dissertation
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research dedt with the populaion genetic study of deaf children a the Maryland School for
the Deaf. He uses these mathematica approaches to genetics admost on a daly bass,

sometimes in the clinic, where he cdculates risk estimates for parents whose children may be

a risk for problems. Dr. Bieber teaches the undergraduate genetics course at Harvard

University, part of which deals with population genetics, @d he teaches a graduate level
course in forensc science, which covers populaion genetics. He aso lectures on
mathematical genetics to post-doctoral research felows who are part of the American Board
of Medica Genetics fdlowship training program, and he is one of the directors of this
program. He has been qudified to tedtify as an expert in forensc DNA testing and the
datisticd anadyss of forensc DNA evidence, approximatey ten to twelve times, in five or
gx different dates. He was dso previoudy qudified as an expert in a Vermont court. The
Court finds that Dr. Bieber is qudified as an expert in the areas of human and medica
genetics, forensc DNA identification testing techniques, and the dtatigticel andys's_of forensic
DNA. (Tr. 1 2/9/99 at 4-14).

V. Defendant’s Witnesses.
A. Dr. Donald Riley.

Dr. Dondd Riley is a research associate professor at the University of Washington in
Urology and Pathobiology. He is dso a consultant in forendc cases, having consulted in over
100 DNA forendc cases, as a result of which he is familiar with the science of DNA typing
for identification. He has followed forensc literature snce it began agppearing, and has
performed some forensic type DNA tests, including DQAlpha. He has studied the probes and

primers that come with the Polymarker/DQAlpha kit, and published a paper in 1998
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concerning the hybridization temperatures for those probes and primers. In 1990 he
discovered a short tandem repeat, which he reported in 1991, and his laboratory has typed
over 500 people with that locus for medicd genetic purposes. Some of that work was
published in 1999 in a journd caled Molecular Biology Reports. His work in urology relates
to prostate cancer, prostatitis, and another prostate disease, known as BPH, and he uses DNA
technology to try to find causes for these conditions. Dr- Dondd Riley has a bachelor of
stience degree in chemistry, and a Ph.D. in biochemistry. [N the course of developing the
short tandem repeet, Dr. Donad Riley desgned PCR primers that would be complimentary to
the DNA that flanks the repest, investigated the number of variants and combined them to
form a ladder, and designed an amplification procedure taking into account sdt and
temperature factors. His consulting work typicaly involves reviewing case report files and
any photographic materids, and he has reviewed origind data from databases and vaidation
dudies. He has aso observed the performance of Polymarker/DQAlpha from dart to finish in
eight or nine cases, a both Cellmark and at Genelex. He has adso observed CTT STR testing
a Cdlmark, and Profiler and Cofiler testing a Cdlmark, athough not to completion. He is
not a member of the American Academy of Forensc Scientists, has attended only one of their
mesetings, and has never made a presentation to it. He has not attended meetings of, or
presented papers a, the International ‘Human ldentity Symposum or the Internationa
Conference of Forensic Statistics. He is not a member of the Scientific Working Group on
DNA Andyss He has used only one DQAIpha test kit, usng it to type fifty samples. He
has never used the Polymarker kit, or the CTT STR system, the PowerPlex system, or the .

ProfilerPlus sysem, nor has he ever amplified for any of the loci used in the ProfilerPlus
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sysem. He has only conducted two forensc DNA tests himsdf, in one of whfch no DNA

was located, and in the other of which he only attempted to locate two loci, Dr. Dondd Riley
was a one point employed by Gendex. He has never testified as an expert for the

prosecution in-a crimind case, nor been hired by the prosecution to consult in a crimind case.
(Tr. 12/9/99 at 114-126). The Court finds that Dr. Dondd Riley is qudified as an expert in
molecular biology and forensc DNA testing..

B. Dr. Margaret Schwartz.

Dr. Margaret Schwartz is a forensic chemist employed by the Vermont Department of
Public Safety Forensic Laboratory. She has been engaged in Polymarker/DQAlpha tegting
since gpproximately 1996. She has a Ph.D. in zoology, in the area of genetics. From 1986 to
1991 she worked at the Universty of Vermont as a research assistant in DNA. Since 1991,
she has been employed a the State Forensc Laboratory, during most of that time working in
the area of serology or DNA. The Court finds that Dr. Schwartz is quaified as an expert in
Polymarker/DQAlpha testing procedures. (Tr. 12/17/99 at 73-75).

C. Dr. William Shidds.

Dr. William Shidds is a professor of biology a the State University of New York
College of Environmenta Science and Forestry, in Syracuse, New York, He has a bachelor's
degree in biology, and a master's degree and doctorate in zoology from Ohio State University.
His Ph.D. dissertation concerned genetic variation and population structure. About haf of his
professonad research has been in the area of population genetics, induding population genetic
theory, its influence on forensc case work, and the study of population databases. His other

research concerns anima behavior and genetics. At SUNY, Dr. Shields has taught in the
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areas of biology, zoology, and anima behavior (including humans), evolution, conservation
biology, and conservation genetics. Dr. Shields supervises a laboratory a SUNY that is
involved with genetic testing as pat of various non-human anima studies. His lab does not
do any forensc DNA testing. Dr. Shields has published a book and 38 scientific articles.
About hall of his published work has to do with evolutionary population genetics. Dr.
Shidds has reviewed databases in raw data form from a number of inditutions including the
FBI, Cdlimark, Life Codes, and from a variety of crime labs. He has consulted with
governmental agencies concerning the use of DNA. He has served as a peer reviewer, a the
request of the Department of Justice, concerning the use of DNA in Pogt-Conviction Relief.
Dr. Shidds has peformed analyss on various population databases as part of his own
research. He has dso andyzed vdidation studies concerning DNA databases. He was an
invited speaker on DNA analyss a an internationd symposum, and has presented a large
number of workshops in severa dates explaning DNA andyss to lawvyers. Dr. Shidds has
previoudy tedtified as an expert witness in a number of dates, including as a prosecution
witness in a number of cases. He has previoudy provided tesimony in three other Vermont
crimina cases involving DNA. The Court finds that Dr. Shidds is qudified as an expet in
the areas of DNA anal;}sis, population genetics and datisticd analysis connected with DNA
forensc evidence. (Tr. 2/17/00 at 6-20).
V. The Laboratories.

A . Cellmark.

Cellmark is a privately-owned laboratory engaged primarily in forendc testing, as well

as some research-related contractua work. Cellmark is hired by investigators, prosecutors,
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defense attorneys, and crime laboratories. It has been in existence since 1987, and i,s
accredited by the American Society of Crime Laboratory Directors Laboratory Accreditation’
Board (ASCLD LAB). Accreditation involves an on-site ingpection as well as a review of:
documentetion, and the purpose is to maintain high standards in laboratories. Cellmark has
never been denied accreditation. Cellmark adso complies with the DNA Advisory Board
laboratory guiddiines. As required for accreditation, Cellmark requires its anaydts to teke two

proficiency tests each year. The tests come from an outside vendor, and the resilts are

returned to the vendor and to a proficiency test monitoring board set up by ASCLD LAB.
Nether of the andydts involved in this case were ever unsuccessful in completing a
proficiency test. However, none of the proficiency tests at Cellmark are true blind proficiency
tests, snce the employees knew tha they were undergoing proficiency teting, rather than
performing regular lab work.

Cellmark has reported one incorrect DNA profile, to Dr. Cotton’s knowledge. That
error occurred in the writing of the report, rather than in the laboratory; that is, the laboratory
work in the case was correct, but the results were reported incorrectly. Cellmark’s procedures

were changed to prevent such an error from happening again. (Tr. 12/6/99 at 9-18).

Cellmark has a review procedure for its DNA testing. All of the results of the testing,
including the draft report, are given a technica review by one of the Ph.D. scientids. That
review consgds of going back through the folder, following how the testing was done,
checking each of the steps, and then andyzing the data and ensuring that the andysis and
technical review match and are consistent with the report. (Tr. 12/6/99 at 18).

Cellmark aso has a standard operating procedure for all of the work that is done in the
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laboratory. (Tr. 12/6/99 at 19). Cellmark has reported approximately 1500 DNA profiles per
year. (Tr. 12/6/99 at 19). In around 1989, approximately one-third of DNA tests performed
in labs around the country, including Cdlmark, resulted in an excluson. (Tr. 12/6/99 at 26).
B. Genelex.

Gendex Corporation conducts paternity testing, forendc testing, and convicted felon
data bank tedting for the State of Indiana. It is hired by prosecution and police agencies,
defense lawyers and defense agencies, and citizens who need paternity or forensic testing
done. It has been in existence since 1987, and is accredited by the American Association of
Blood Banks for paternity testing, and by the American Society of Crime Laboratory
Directors Laboratory Accreditation Board (ASCLD LAB). Genelex has never been denied
accreditation. It complies with the guiddines created by the DNA Advisory Board, which is
an accreditation requirement. Genelex does routine proficiency testing, as required by both
the ASCLD and the DNA Advisory Board. Each andy4 is required to take part in a
minimum of two externa proficiency tests eech year. Both the andydsts involved in the
testing in this case, Dr. George Riley and Piper Schwenke, were subject to proficiency testing,
and nether of them ever falled to properly complete a proficiency test. Gendex itsdf has
twice reported incorrect profiles in forensc cases due to typographica errors. In one case,
one of the dlees in the profile was mistranscribed and then reported incorrectly. Gendlex
adso reported incorrect profiles in severd paternity cases. N each of those cases, the error
was due to human error rather than a falure in the DNA typing systems, and Gendex has
changed its protocols to ensure that those errors do not occur again. (Tr. 12/7/99 a 72-77).

In every case, Gendlex has procedures in place for review of both the DNA tegting and
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of the reaulting réports. Gendex dso has sandard operating procedures governing al of its
procedures. They are written in-house, but are typicaly adopted from published protocols,
from other laboratories, the FBI, and the corporations which make the kits used for doing the
testing. In totad, Genelex has reported more than gpproximately 50,000 DNA profiles. Of
those, approximately 30,000 to 35,000 were paternity profiles;, approximately 22,000 were
profiles for the offender data banking; and approximatdy 2,500 to 3,000 were profiles in the
forensc area. For both paternity and forensic testing, typicaly about 25 to 30 percent of the

tests result in exclusions. (Tr. 12/7/99 a 77-79).

VI. The Tests.
A. DNA and Forensic Identification Generally.
1. DNA Generally..

DNA is genetic materid found in all of our cells, inherited from our parents to

produce a unique individud. Haf of our DNA is inherited from each of our parents, and
therefore we have two versons of every section of DNA. Sections of DNA which have
biologicd meaning, tha is, which carry some function, are cadled genes. There are dso many
sections of DNA which do not have any known function, but each person has two versons of

al of these sections. (Tr. 12/6/99 at 19-20).

DNA is organized into 23 pairs of chromosomes. Each chromosome is a long, thin
srand of DNA. One of each par of chromosomes is inherited from each parent. The
chromosomes have been numbered, and can be identified individualy under a microscope as a
result of their different size and shape. DNA controls essentially all of our biochemica

functioning. (Tr. 12/6/99 at 20-21).

17



Although mogt of the DNA is the same between different individuas, there are some
sections that differ. In these sections the differences are ether differences in the sequence of
the DNA, or they are differences in length. Both kinds of differences can be used to
diginguish individuds at a molecular levd. (Tr. 12/6/99 atAZI).

DNA has a dructure that is smilar to a ladder. The components of the DNA form thc
rungs of that ladder. There are only four components, and they are abbreviated A, T, G and
C. These components are paired up in a specific way. There are only A-T pairs and G-C
pairs, sometimes referred to as “base pairs’. A’swill only par with T's, and G's will only
par with C's. It is possble, usng techniques of molecular biology, to determine the
sequence of these components dong a length of DNA. An example of a sequence difference
would be a location on a chromosome with the sequence AGAA, compared with the same
location on the same chromosome of another individud, with the sequence AAAA. This sort
of sequence-difference is used in forensc testing in the test called Polymarker/DQAlpha. The
sequence difference may be & a single base pair, or it may be a multiple places. (Tr. 12/6/99
at 21-24).

The other type of difference is the length difference. A location on a chromosome
may have the sequence CATCATCAT, whereas the same location on the same chromosome
on a different person will have the sequence CATCATCATCATCAT. Both chromosomes
have the same sequence (here, CAT), but it is repeated a different number of times. The
forendc testing which exploits these length differences is cdled short tandem repesat testing, or
STR testing. (Tr. 12/6/99 at 24-25).

Many scientific uses exig for identifying stes on the DNA, other than for forensc
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identification-purposes, including identification of genes which cause disease, genetic
screening, identification of viral sequences, such as HIV, and monitoring successive bone
marrow transplants. (Tr. 12/6/99 at 25-26).

2. The PCR Technique.

Polymerase chain reaction (PCR) is a technique used in the STR and
Polymarker/DQAlpha tests, as wdl as in research laboratories dl over the country for a wide
variety of purposes. The technique permits the copying of a very smal sample of DNA in
order to produce a larger sample for testing purposes At a molecular level, the PCR
technique makes copies of gpecified sections of DNA. The sections are specified by using
“primer” DNA, a short piece about 20 to 30 base pairs in length, which identifies each end of
the segment to be copied. The primers bind to the ends of each section of interest; those
sections are then copied using the same molecular machinery that copies DNA when cdls
divide. The primer is placed in the tube, dong with the enzyme which does the copying,
caled polymerase, and with individua nuclectide triphosphates (the A's, T's, G's and C'9).
The copying, referred to as amplification, is exponentia, doubling with each sep of the
process. At each step of the process, the DNA molecule is split down the middle, and the
primer attaches along the length of each Sde of the molecule. The entire srip of DNA is not
duplicated, just the area of interest: (Tr. 12/6/99 at 26-32).

Multiplexing is the process of usng PCR to duplicate more than one area of interest at
atime A different sat of primers is used for each DNA segment to be duplicated.
Multiplexing is used in many goplications other than forendc and paternity testing, such as

teting parents to determine if they are carriers of cydic fibross. Different ssgments of DNA
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have different optima temperatures for the PCR process, in part because the bonds between
A’s and T's are wesker than the bonds between G's and C's. Hybridization consists of
repeated chemica reactions in which the strands of DNA bind together and come apart, and is
controlled by sat concentrations and temperatures. Depending upon the proportions of A-T
bonds and G-C bonds in the area of interest, different sequences will have different optima
temperatures. The temperatures used in multiplexing systems are compromises made in order '
to make copying of al of the segments work. The companies which develop the test kits
conduct research and development to devise systems which work together. (Tr. 12/6/99 a 32-
38).

Contamination is a concern when using PCR to amplify DNA, because- the PCR
method works with such smal amounts of DNA, as few as 150 cells. Cellmark has taken a
number of steps to reduce. or eliminate possble contamination. In order to reduce the risk of
contamination from another source, Cellmark extracts its DNA from the evidence at a
different time for each sample within a given case. Tha diminates the possibility of
contaminating a crime scene sample with DNA from a known sample submitted in connection
with the same case. Beginning with the process whereby DNA is extracted from a sample, a
second tube is maintained, caled a resgent blank. Everything (except the sample) that is
added to the evidence sample is added to the reagent blank. At the end of the ted, the
reagent blank is processed, and it should return no result at dl, (Snce no DNA was placed in
the tube). That ensures that no extraneous DNA was present in any materia added to the
evidence sample. In order to eiminae contamination by amplified product, preparaion for

the amplification step is conducted at a different location in the laboratory than the extraction
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dep, and the amplification step itsdlf is conducted at a third location in the laboratory. | 1
amplified DNA is taken backwards from that location. In addition, only one tube or e iden:e
envelope is open a a time, and gloves are changed in between handling of each item. (1
12/6/99 at 38-41; Tr. 12/17/99 at 17).

At Cellmark, when DNA is transferred from one tube to another, a second scientic!
looks at the transfer tube to ensure that the labdling is correct. The tubes themselves (- hich
are about an inch and a hdf tal) have a sngp cgp on them.  (Tr. 12/6/99 at 41).

In addition to these precautions, podtive and negative controls are run during ihe
amplification sep. The pogtive control is a known type that should give a certain knov n
DNA profile. The negative control is another blank tube, and should give no result
Fndly, Cellmark personnd are trained in dterile technique. (Tr. 12/6/99 at 41-42).

Gendex dso tekes precautions to avoid contamination. Gendlex personnd are frairied
in laboratory technique. They wear lab coats and gloves. Extraction of DNA from sminplee
in the same case is done a different times, the amplification step takes place in a separate
areg; filtered pipette tips are used; the tools are routindy decontaminated before and after nee:
other materids are Serilized and autoclaved before use; and the amplification tools m « 1
irradiated to destroy DNA. No amplified DNA product or anything that has come int«
contact with such product leaves the amplification room except when bagged up to b=
incinerated. (Tr. 12/7/99 a 79-81; Tr. 12/8/99 at 10-12).

Genelex aso requires that tubes remain sedled except when a transfer takes pla+
which time no more than two tubes are opened. Every sample bears a unique jdenfifier and

every tube to which the samples are transferred bear that unique number. Once a tiranster tiae
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taken place, the order of the tubes is checked by a second person or rechecked by the same

andyst to ensure that the transfers have been correct. Findly, Gendex runs postive and
negative controls, and reagent blank controls, to ensure that any contamination will be
observed. (Tr. 12/7/99 a 81-82; Tr. 12/8/99 at 10-12).

B. Polymarker/DQAlpha Testing.

1. The Polymarker/DQAlpha System.

The Polymarker/DQAlpha test comes in a kit, manufactured by Perkin Elmer. The
origind kit tested for the DQAlpha ste only, and underwent a sgnificant amount of
vdidation testing. A vdidation sudy is designed to test the system to ensure that it reacts in
the way that is expected, so that the results are accurate, reliable, and reproducible, both
within the laboratory and from laboratory to laboratory. To that end, studies are done of
reproducibility, sengtivity, and precison Typicdly, the company which manufactures the kit
does this type of testing as well. Numerous papers were published in connection with the
vaidation testing for this kit. Cellmark itsdf conducted vdidation testing on the DQAlpha
system. When the system was combined with the Polymarker system, additiond validation
testing was done a a number of laboratories, including Celmark. (Tr. 12/6/90 at 50-51; Tr.
12/7/99 a 86-88).

Vdidation teding typicdly involves teding for sengtivity a different dilutions of
DNA,; detection of mixtures of DNA from two individuas, including lop-sded dilutions with,
for example, 20 parts of DNA from one person, and one part from another person; testing of
mock forensc samples, including stains, swabs, cigarette butts, bones, and other materias that

might be encountered in casework; and variation of the chemistry and temperatures. Severd
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laboratories aso conducted studies using degraded DNA. Cdlmark’s vdidation testing, as
well as that of some other laboratories, included some DNA from hairs, but there is nothing

unusua about DNA from hairs. (Tr. 12/6/99 at 52, 63).

Although Dr. Dondd Riley testified that these systaﬁs, as well as the other systems
used for DNA testing in this case, have not necessarily been subjected to vdidation testing
with the exact type of biologicd samples involved in this case, i.e, hairs sored on a dide for
twenty years, (Tr. 12/10/99 a 18-21), the Court finds that such specificity is not necessary in
order to dlow the use of testing in such cases. The concern about DNA from hairs rather
than body tissues goes to the weight of the evidence, and not its admissbility. Dr. Dondd
Riley, dso tedtified that Cellmark documents indicated an experiment had been conducted in
which DNA from hars which had been amplified for DQAlpha were re-amplified for
Polymarker, and that three aleles were obtained at some loci as a result. (Tr. 12/10/99 a 22-
23). Since this was an experiment using a technique not used in this case, the Court finds this
sudy irrdlevant to the admisshility of this evidence. Dr. Dondd Riley is unaware of any
aticles or abgtracts deding with fase postives with the Polymarker system. (Tr. 12/10/99 at

- 94).

Gendex dso conducts Polymarker/DQAlpha testing, for which it conducted vdidation

dudies. Gendlex's vdidaion gudies for the Polymarker system included tests on DNA from
‘hair and on smal amounts of DNA. Gendex's vdidation studies indicated thet the

Polymarker and DQAIpha systems were rdiable, accurate, and reproducible. In Dr. George

Riley’s opinion, these sysems are generdly accepted in the scientific community, and in fact

are probably the most widdly used forensic testing in the United States. (Tr. 12/7/99 at 86-
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88).

When conducting a fest using the Polymarker/DQAlpha system, the fird step is to
extract the DNA from the evidence and from the known samples. The DNA is then amplified
using the reaction components that come with the kit, which include the enzyme and the
primers. These amplified products are then gpplied to a nylon srip that has probes bound to

it for the various dldes. A color reaction is done, which produces a blue dot where the

amplified DNA was bound to the probes. (Tr. 12/6/99 a 53).

The nylon drip is @out a quarter inch high and about five inches long, and is divided.
into five different designated areas, and an area that is marked by an S. The desgnated areas
are LDLR, which is a gene that is being tested for; GYPA, which is a gene tha is being

tested for, and so forth, for five genetic locations. Each area has a dirde for each alele

which exists for that genetic location. For example, the LDLR gene has two dleles, which
differ in their sequence from each other. One dlde is abitrarily cadled an A, and the other is
arbitrarily caled a B. Any given person will have two versons of this gene, one inherited
from each parent. If they have inherited an A from both parents, their DNA will bind only
to the circle where the A probe is bound. If the person inherits an A* from one parent, and a
B from the other, then the DNA will bind to both cirdes. If they have inherited a B from
both parents, then the DNA would only bind to the probe in the B circle. In each casg, the
circle where the DNA binds to the probe will turn blue, as a result of a chemicd reection. If
there are two dldes for a particular gene, there are three possble types (AA, BB, and AB); if
there are three dlees for a gene, there are Sx possible genotypes. The gtrips used to test the

negative control and the reaction blank should not have any reaction, and should not light up
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a dl. (Tr. 12/6/99 at 58-61).

During the hybridization process, the strips are submerged in solution in dots on trays.
Dr. Schwartz tedtified that in one case in which she conducted a test in the Vermont State
Forensic Laboratory (not a test in connection with this case), solution doshed from one dot to
another, and as a result a faint dot appeared on a strip which was caused by the doshing. Dr.
Schwartz had observed the doshing when it occurred, and generaly an anadyst would notice

such an occurrence. (Tr. 12/17/99 at 82-83).

Immediatdly after the test is done, the andyst reads the results and records them on
paper. A second andyst may aso read the results and record them, and a photograph is
taken. The mogt reliable record is the recording of the results, and the second most rdiable

record is the photograph. The color on the strips themsdlves fades with time. (Tr. 12/6/99 at

61-62).

Between 50 and 100 laboratories in the United States use this system for genetic
testing purposes, and it has been in use since about 1991. The sysem is genefally accepted in
the sdentific community. In Dr. Cotton’s opinion, the Polymarker/DQAlpha system is a

reliable way to determine a genetic profile. (Tr. 12/6/99 at 63-64; Tr. 12/9/99 at 22).
2. Applying Streich to the Polymarker/DQAlpha System.

Defendant does not contest that PCR andysis is generaly accepted in the scientific
community. He does question whether the specific tests utilized in connection with this case
are genadly rdiable, whether they are rdiable when used to andyze smdl quantities of

degraded DNA, whether the laboratories followed established protocols, and whether the

25



individud tests were free of contamination.

Polymarker/DQAlpha testing has been employed by laboratories since about 199 1.
The technique is capable of being tested, and has been the subject of muitiple scientific

studies which have been published in peer-reviewed journals.’

Defendant clams that the guiddines established by the Technicd Working Group for
DNA Anayss Methods, (hereafter referenced as TWGDAM), require that primer sequences
used in PCR techniques be published.” The purpose of publication is to dlow scientists to
examine the primers in order to determine if they are working the way their manufecturers
daim. TWGDAM guidelines were in effect when Cellmark utilized Polymarker/DQAlpha in

this case.

Defendant dlams that it is particulaly important that primer sequences be known
because Polymarker/DQAlpha, (like the other kits used by the two laboratories in this case), is
a multiplex tesing kit. The kit andyzes gx genetic locd smultaneoudy. (Other kits andyze
various numbers of loci). Each locus has an optimad temperature and an optima mixture of
chemicas for succesful amplification. The kit and corresponding protocol represents a
“compromisg’ of the various optima temperatures and chemicd additives which endbles the

kit to process the various lodi smultaneoudy. Thus, even if amplification of each individud

locus was well established, before the Court accepts anadysis of the kit, the package

I Although the State’ s experts stated that validation testing had been performed, no articles on
validation testing were provided to the Court. However, we note that there are a number of published articlesin
scientific journals validating the Polymarker/DQAlpha kit. See State v. Baichelder, No. 1127-B-95, slip op. at
29-30 (Wind.Dist.Ct. Aug. 7, 1997) (Grussing, J.). This opinion is on file with the Court.

f See Defense Exhibit # 180, § 4.1.4.
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“compromise” processes should be validated.

The State's experts never explained why the TWGDAM guiddline was not followed.”
Current guidelines, issued by the DNA Advisory Board, no longer require publication of
primer sequences. Agan, no explanation of the modification was offered; the Court infers it

was done in order to bring the guiddine into compliance with practice.

Whether or not current guiddines require such publication, the Court is troubled by the
lack of publication of the primer sequences. Propiietary information or not, the lack of
transparency is disturbing. Nevertheless, with respect to Polymarker/DQAlpha, the Court is
satisfied that there has been sufficient vaidation testing over a period of severd years to
enable the Court to conclude that Polymarker/DQAlpha condtitutes a valid and reliable
andyticad technique when properly employed. See Daubert, 509 U.S. a 594 (“submisson to
the scrutiny of the scientific community is a component of ‘good science,’ in part because it
increases the likelihood thet subgtantive flaws in methodology will be detected”’). If the
therma and chemica compromises created by the manufacturer did not function properly, this
fact would have been exposed long ago. Polymarker/DQAlpha is utilized in 50-100
laboratories in the United States, and is widely accepted in the scientific and forensic

communities.

Defendant claims that Polymarker/DQAlpha has not been vaidated for use on

5 The State's witnesses did testify that the manufacturers considered the primer sequences to be
proprietary information and so did not publish them. However, they failed to explain how and why the scientific

community was able to tolerate non-compliance.
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degraded samples® of DNA derived from hair roots. Evidence from the State on this issue
was generd, but was unimpeached and was btherwise credible.” The Court concludes that

Polymarker/DQAlpha has been vdidated for use with degraded DNA.

Numerous courts have reviewed the issue of admissibility of results from Polymarker

and DQAlpha tesing. The district court for the Southern District of Flovida performed a

thorough Daubert anadysis, reviewing genetic testing of the Polymarker and DQAL1 lod.

United States v. Gaines, 979 F. Supp. 1429 (S.D. Fla. 1997). The court held that “the PCR

method of analyss for these genetic markers has been tested extensvely, and, when the FBI
Protocol is followed, the andysis consgtently generates true results” Id. at 1435. The court
noted that these genetic markers have been the subject of numerous published articles which
confirm the vaidity of their use for this purpose. Id. a 1436. Thecourt further held that the
PCR method of andyss has an acceptable rate of error and there are standards which control

the technique's operation. 1d. Findly, the court held that the PCR techniques used were

“generdly accepted within the scientific community of forendc geneticists” Id. at 1437.

After an evidentiary hearing , the federa didrict court for the Didrict of Massachusetts
ruled that the PCR methodology passed Daubert muster with respect to the Polymarker loci.
United States v. Lowe, 954 F. Supp. 401, 418 (D. Mass. 1996) (vaidity of DQA! testing not

chdlenged). The digtrict court for the Didrict of New Hampshire followed suit, holding that

¢ As noted above, the crime scene samples were recovered at the time of the homicide in 1976. All the
expert witnesses assumed, expressly or implicitly, that any DNA derived from these samples had degraded to
some extent over time.

7 Dr. Cotton testified, “ Several labs have also done studies on looking at degraded DNA with this
system, . . .. [Olur validation included some DNA from hairs.. .. There's nothing unusual about DNA from
hairs. It works.. . ." (Tr. 12/6/99 at 63).
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“the tests used to type each of the 7 dites examined in this case were vdidated in a carefully
congtructed series of experiments and the results were later published in peer-reviewed

publications. » United States v. Shea, 9 57 F. Supp. 331, 339 (D. N.H. 1997) (reviewing

DQA1, Polymarker loci, and D1S180), citing C. Comey and B. Budowle, \alidation Studies.

on the Analyss of HLA DQAlpha Locus Usng the Polvmerase Chain Reaction, 36 Journa of

Forensic Sciences 1633 (1991) and B. Budowle, et. d., Vdiddion and Population Studies of

thel od | DI R_GYPA, HBGG, D7S8.and Ge (PM | odi) and HLA-DQAlpha Using a

Multiplex Amplification and Typing Procedure, 40 Journal of Forensic Sciences 45 (1995).

In the firs federd appellate decison reviewing DQAlpha and Polymarker test kits, the
Eighth Circuit Court of Appeds concluded that the “reliability of the PCR method of DNA
andysis is aufficiently well established to permit courts of this circuit to take judicid notice of

it in future cases” United States v. Beadev, 102 F.3d 1440, 1448 (8" Cir. 1996). Beasley.

relied in part on the large number of dsate gppellate decisons sudaining the admission of

DNA evidence derived from the PCR method. Id. at 1447 n.4.

A large number of dtate gppellate courts have gpproved the admissibility of evidence
from Polymarker and DQAlpha testing under either Daubert or Frye. See Fugate—v.

Commonwedth, 993 S.W.2d 931 (Ken. 1999) (PCR DNA evidence is per se admissible,

without Daubert hearing); People v. Allen, 72 Cal.App.4th 1093 (Cal. Ct. App. 1999);

Ledesma v. State, 993 S.W.2d 361 (Tex, Ct. App. 1999); People v. Rozo, 708 N.E.2d 1229

(Ill. Ct. App. 1999) (resuits admissible); State v. Carter, 586 N.W.2d 818 (Neb. 1998); Smith

v. State, 702 N.E.2d 668 (Ind. 1998) (evidence admissible); Peonlev. Wright 62 Cal. App.4th

31 (Cd. Ct. App. 1998); Commonwedlth v S0k, 683 N.E.2d 671 (Mass. 1997) (Polymarker
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teting is scientificaly vaid and properly conducted tests are admissible); State v. Harvey,

699 A.2d 596 (N.J. 1997) (Polymarker evidence admissble); Keen v. Commonweslth, 485

S.E.2d 6.53 (Va Ct. App. 1997); Brodine v. State, 936 P.2d 545 (Alaska Q. App. 1997);

People v. Pope, 672 N.E.2d 1321 (Ill. Ct. App. 1996); and People v. Morales, 643 N.Y.S.2d

217 (N.Y. App. Div. 1996) (Polymarker evidence admissible).
The Polymarker/DQAlpha sysem has been subjected to vaidation testing, publication,
and peer review. The potentid for error in this case has been addressed, as discussed below.
The Polymarker/DQAlpha sysem has been generdly accepted in the scientific community,
and the results of such testing have been deemed admissble by numerous state and federd

courts. The Court finds that the Polymarker/DQAlpha sysem passes muster under Streich.
3. The Polymarker/DQAlpha testing at Cellmark.
a. Cellmark: Polymarker/DQAlpha: Crime Scene Hair.

The firsde DNA test undertaken in connection with this case was done by Cdlmark,
usng the Polymarker/DQAlpha system, on a har discovered at the crime scene. Anjdi
Swienton performed the testing. The evidence recelved conssted of a seded dide carier,
ingde of which were two ‘different dides, each labeled separately. One dide contained two
mounted hairs, and the second dide contained one mounted har. The hairs were sedled onto
the dides, with glass cover dips on top of them. Ms. Swienton removed the cover dip from
the dide containing two hars. She cleaned the hairs of mounting substance, then cut a
portion of the root end of the hair with a gerile scapd and trandfened it to a test tube. She

also removed a portion of the hair shaft to use as a control.  The samples were given the
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labels 01 and 01S. She dso started a reagent blank, and added chemicals which Wbuld
extract the DNA from the hair root cells. She then conducted a dot blot test to determine if
any usable human DNA had been extracted from the sample, and determined that none had
been. She amplified the sample anyway, following which she conducted a product gd test to
determine if any DNA product from the amplification were present. That test indicated that

there was no DNA present, (Tr. 12/6/9% at 80; Tr. 12/17/99 at 14, 18-23).

Ms. Swienton then extracted DNA from the second har on the dide, labding it
Sample 02. She amplified the extracted DNA, then ran another product gd. Running a
product gel involves teking a tenth of the amplified sample, and putting it on a smal agerose

gd, aoplying an dectricd current, and saining the gal. This test indicates whether the

amplification step was successful.  The product gel for Sample 02 was run on March 25,
1994, and was a normd product gd. The gel shows six bands, for the sx loci which were

amplified. There is dso a fainter, less digtinct band at the bottom of those six, for Sample 02,

and dso for four other samples from other casework that were run on the same gél.

The seventh band does not indicate the possibility of cross-contamination, but is most
likey what is called non-specific product or a “brimer-dimer.” The protocol created by the
manufecturer of the kit, Perkin Elmer, anticipates that these bands will sometimes appear.
Non-specific product results when the primers bind to genes other than those of interest,
during the amplification process. The likelihood of non-specific product resulting in an
incorrect profile is very smdl. The Polymarker vdidaion studies include ingances in which
the band is present, and ingtances in-which it was not, and there was no indication tha the

presence or absence of the band ever made any difference. (Tr. 12/6/99 at 80-83; Tr.
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12717199 at 23-26).

Dr. Bieber was shown a photo on page 87 of the Celimark case file, which
corresponds to Defense Exhibit # 102. This is a photograph of the March 25, 1984, product
gd. Dr. Bieber tedtified that he faintly saw a so-cdled “seventh band” which could be the
result of a number of artifacts of the PCR process, such as a “primer-dimer.” This can occur
when a primer dimerizes, or binds with and labels itsdlf. Such an occurrence is nether
unusud nor surprisng in a sample that contains a large anount of DNA, which’ was the case
here. Under such circumstances, the presence of a so-caled “seventh band” on the product
gel does not cdl into question the vaidity of the test result. (Tr. 12/9/99 at 45-47).

Although Dr. Dondd Riley expressed concerns about the seventh band, (Tr. 12/9/99 a
172), he agreed that a seventh band is not unusua in this type of test, that he does not know
whether the seventh band had any effect on the outcome of the test, and that he is not aware
of any non-specific PCR reections that will ingppropriately light up a dot on the dtrip, other
than the DQAIpha Although the DQAIpha is known to light up the 1.1 dot, the 1.1 dot was

not lit up on the drip in this case. (Tr. 12/10/99 at 67-69).

The upper two bands in the gd for Sample 02 are lighter than the lower four, which is
typica of a sample that has some degradation. One would expect to see differences in the
larger bands before seeing differences with the smaler bands. The upper band is the
DQAIlpha band, which is the largest gene in this system. (Tr. 12/6/99 at 83-84).

Dr. Dondd Riley tedtified that the fifth band on the product gd for Sample 02

gopeared to be wesk and blurry, indicating the posshility of a missed dlde. However, he

dso tedtified that the fifth band corresponded to the LDLR location, and that the testing
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indicated that the sample was heterozygous a that location. When a location is heterozygous,
there is no possbility of a dropped dlele. (Tr. 12/10/99 a 66-67). Therefore, Dr. Donad
Riley’s concern about the fifth-band is of no relevance to the testing in this case.

The next gep in this test was to hybridize the amplified product to the strips. Also on
the strips are a C dot and an S dot, which are controls. They are designed to give a blue
color, but a lighter blue color than any of the other dots on the strip.  If a dot is lighter than
the control dot, caution must be used in making an interpretation of the test results. The
reason for that is, if the dot for a locus is lighter than the control dot, that would indicate thet
there was only a smdl amount of DNA for that locus, and an dlele might not have been
detected. It does not mean that the type that is seen is unreliable, but it means that other
types might be missng. In this case, the C dot is faint, but is not too faint to provide a vdid
reading for the rest of the trip. (Tr. 12/6/99 a 84-87). Ail the controls functioned properly
for this test. (Tr. 12/6/99 at 93; Tr. 12/17/99 at 24-25).

In addition, Celimark tested an extract from the hair shaft, which gave no results, as
expected. (Tr. 12/6/99 at 98; Tr. 12/17/99 a 29-31). Although the hair shaft extract was
amplified and tested a a different time than the 02 sample, (Tr. 12/9/99 at 169), the Court
finds that this point is not rdevant to the vdidity of the reaults.

The genotypes which Ceiimark obtained for Sample 02 were as follows. DQAlpha:
12; LDLR: AB; GYPA: A; HBGG: A; D7S8: AB; GC: A. (Tr. 12/6/99 at 91).

b. Cdtmark: Polymarker/DQAlpha: Known Sample.
The next tet which Cellmark undertook in this case was testing a known sample from

Defendant, using the Polymarker/DQAlpha sysem. Thet sample, consisting of a cotton swab,
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was received in the Iaboratéry on December 15, 1994. The Polymarker/DQAlpha testing on
the crime scene hair was reported on September 13, 1994, and therefore at the time the work
was done on the known sample, the work on the crime scene hair had been completed for.
months, and the hairs themsgves were not even in the laboratory, having been returned on
October 3, 1994, (1. 12/6/99 at 9 1-92; Tr. 12/1 7/99 at 3 1-32).

Dr. Dondd Riley conceded that the long period of time between the extraction and
typing of these samples served to dlay to some extent his concerns about contamination. He
adso agreed that the risk of contamination of a hair mounted on a dide is less than for othet
forms of dtorage, unless the mounting medium has dried out and exposed the hair to some air.
(Tr. 12/10/99 at 60-61).

This sample was labeled 03. All of the controls ran properly for the 03 sample, and
the C and the S dots were dark enough to vaidate the test results.  Although Dr. Dondd
Riley tedtified that the C dot was not visble on the positive control, he was referring to a
photograph of the strip, and he dso tedtified that the photograph of the strip may miss a
control dot. (Tr. 12/1 0/99 at 4, 96). Since the andyst viewed the origind drip at the time of
the test, and tedtified that the C dot was present, the court credits her testimony. The test
results, reported on January 1 1, 1995, were as follows: DQAlpha: 1.2; LDLR: AB. GYPA:
A. HBGG: A. D7S8: AB. GC: A. This prdfile is the same as that obtained from the test
conducted on the crime scene sample. (Tr. 12/6/99 at 92-96; Tr. 12/17/99 at 32).

4. Applying Streich to Cellmark Polymarker/DQAlpha Testing.

Since the Court has concluded that the Polymarker/DQAIlpha sysem complies with the

minimum standards adopted in Streich, the Court now turns to examine whether Cdlmark’s
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use of the test sufficiently followed vaidated procedures for the Cellmark testing to he

conddered religble and therefore admissble.

‘ Defendant assarts that the hair shaft control, which was extracted and amplified at the
same time as the hair root sample, was not hybridized until severd months after the hair root
sample. The Court finds no difficulty with the later hybridizetion ‘of the hair shaft control,
and Defendant has not specificdly identified any problem, except to suggest, without
foundation, some nefarious purpose.

Defendant also contends that the results are not relisble because the State cannot show
that the lao's thermocycler which was utilized in the amplification process functioned
properly. The thermocycler is programmed to go through a series of some 32 cycles of
heating and cooling in order to amplify the origind extracted DNA. For the mos part, the
machine operates during the night when'the lab is dlosed. On a least one occasion, unrelated
to the samples in this case, the thermocycler mafunctioned. The Court is not convinced that
thermocyder mafunction is a problem in this case.  The positive control, which was
processed with the crime scene sample, produced the expected result, suggesting that the
thermocycler peformed properly. (Defense Exhibit # 105 at 156).

Smilaly, Defendant’s contention that undetected contamination somehow affected the
test result is not convincing. Nether the negative control nor the reagent blank showed any
evidence of contamination, nor did the laboratory anayst observe any evidence of
contamination. Although Defendant has suggested that arborne contamination might have

affected the sample without affecting the controls, (since each tube was un-stoppered

separately), Defendant has presented no credible evidence that arborne contamination was a
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redigic threet.

Defendant  suggedts that the result is not vaid because the product gel, which is
supposed to show six clear bands, produced only four.! There was no credible evidence that
two bands were absent. Admittedly, the two upper bands were wegker than the other four.
Credible evidence indicated this was most likely caused by degradation of the DNA.

Smilaly, Defendant clams tha the presence of a myderious seventh band on the
product gel is evidence of some sort of contamination. However, the manufecturer's  protocol
acknowledges that a seventh band may sometimes appear. Although it offers no explanation
of the phenomenon, the protocol dates that it does not affect the vdidity of the-‘t&st result.”

Defendant dso cdams tha there might have been spillage in the hybridization tray
between the 02 sample lane and one of the adjacent lanes which may have contained high
qudity DNA from another source. The analyst observed no spillage. Furthermore, if there
had been spillage, one would expect to see typing dots from both the 02 sample and the
adjacent lane, (which did not occur), since the product gel indicated that there was typable
DNA in the 02 sample. (Tr. 12/7/99 at 10-12).

Evidence regarding the third Streich factor, the known or potential error rate, was not

presented in this case. The State's experts claim that the error rate cannot be measured

8 Defendant’s requests, { 28 claims the absence of product on two bands.

? The protocol was admitted into evidence as Defense Exhibit # 140. Section 7.9 reads in pertinent
part:

Primer-dimer bands and unincorporated primers may appear as broad bands near the bottom of
the gel in the region of lower molecular weight. Occasionally, non-specific bands or smearing
can be observed above and/or below the six specific bands, but they do not compromise the
typing results on the . . . Probe Strips.
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because as soon as an error is discovered, corrective measures are implemented to insure that
the error does not recur. The State's witnesses are not entirely accurate. The National
Research Council Committee on DNA Forensic Science suggested that laboratory error rates
can be estimated through blind proficiency testing” Howkver, NRC 11 recognizes the
practicd difficulty in implementing such a program.”

The Court recognizes tha true blind proficiency testing would be difficult to atan in
forensic laboratories, a least on a regular, on-going basis. Most courts do not require such
proficiency tesing as a condition of admissbility. See | D. Faigman, Modern Scientific
Evidence § 15-4.4, at 644 (1997).

NRC Il recommends that duplicate tests be performed as an dternative to diminate or
reduce the possbility of error.

Recommendation 3.3 Whenever feasble, forensc samples should be divided

into two or more parts a the earliest practicable stage and the unused parts

retained to permit additional tests. The used and saved portions should be

sored and handled separately. Any additiona tests should be performed

independently of the firg by personne not involved in the firg test and
preferably in a different laboratory.

NRC Il, sum-a, at 88.
In this case the State has subgtantidly complied defacto with Recommendation 3.3.
As a practicd matter, the forensc sample was divided and was sent to different laboratories.

For the reasons stated below, the Court concludes that the Polymarker/DQAlpha results of the

10 “[L]aboratory error rates must be continually estimated in blind proficiency testing.” See 1 D.
Faigman, Modem Scientific Evidence § 15-4.4, a 644 n.26 (1997), quoting National Research Council, DNA
Technology in Forensic Science 89 (1992) (“NRC 1”).

1 See National Research Council, The Evaluation of Forensic DNA Evidence 24, 86 (1996) (“NRC

7).
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sample sent to Genelex are not reliable enough to be admitted into evidence... However, for
loci where results were obtained by Genelex, they confirm the Polymarker/DQAlpha results

obtained by Cellmark.

The duplicate Polymarker/DQAlpha test performed at Genelex serves to reduce the
possibilily of error in the Celimark Polymarker/DQAIpha results. While the Gendlex resulls
are not admissble at trid in the Stat€’'s case in chief, for the purposes of deciding the ingtant
motion they provide assurance tha the risk of error in the Cellmark Polymarker/DQAlpha

testing has been properly addressed.”

The testimony concerning Cdlmark’s protocols for this test and its adherence to its
protocols was subjected to lengthy and searching cross-examination. Based on the detailed
tesimony adduced at the hearing, the Court concludes that Cellmark substantialy complied
with the manufacture's protocols as well as the laboratory’s own protocols. Since the Court
has dready found that the Polymarker/DQAlpha sysem has been sdientificaly validated, and
the Court further finds that Cellmark performed the tests according to the procedures for
which the test has been vdidated, the Court concludes that the Cellmark Polymarker/DQAlpha
test results are reiable scientific evidence which may be admitted at trid for consderation by
the jury.

5. Polymarker/DQAlpha Teding a Gendex.

a Gendex Polymarker/DQAlpha Test: Second Crime Scene Sample.

12 Asheld, see infra, pp. 40-42, the State will not be permitted to introduce the Genelex results in
their case in chief. However, should Defendant attempt to suggest that Cellmark results are invalid, the Stde
may be permitted to introduce Genelex results by way of rehabilitation.
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Piper Schwenke conducted a Polymarker/DQAlpha test a& Genelex using DNA which
had been isolated earlier from the crime scene hair root. This DNA was amplified for the
Polymarker/DQAlpha lod. After the amplification, Ms. Schwenke ran a product gdl. The
product gel indicated that there were weak bands present for all of the genes tested. The
shorter genes had amplified more efficiently than the larger genes, and so the bands for these
genes were somewhat stronger.  This result is typica of partial degradetion of the DNA. The
controls which were run on the product gel gave the expected results. (Tr. 12/7/99 at 107-
109; Tr. 12/8/99 a 24-26). Dr. Dondd Riley tedtified that the fifth and sixth bands could not
be diginguished dearly, indicaing very little DNA, which potentidly affected the results of
the test. (Tr. 12/9/99 a 159). However, Dr. Bieber was asked to examine Defense Exhibit #
162, which is a copy of the loading sheet and product gel photo for the Polymarker/ DQAlpha
test done at Gendex. He tedtified that he saw 6 bands (the expected number) in both lane 1,
which contained the case sample, and lane 3, which contained a control. According to Dr.
Bieber, these results indicated that there was enough DNA present to go on to the next step in
the testing process. The Court credits Dr. Bieber's testimony on this point. (Tr. 12/9/99 at
43-44).

The next step taken by Ms. Schwenke was to hybridize the DNA product to nylon
grips. The controls were hybridized as well as the samples, and the controls returned the

expected results. As discussed above, additiond controls are present on the strips themsalves,
cdled the control dots. For sample DNA to be valid, the dots should be brighter than the
control dot. In this case, Genelex obtained signas for dl of the loci on the strips except for

the C and S dots. (Tr. 12/7/99 at 109-1 12; Tr. 12/8/99 at 26-28; Tr. 12/1 7/99 at 27-28). The
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results from Gendex's Polymarker/DQAIlpha teting were as follows: DQAlpha: 1.2; LDLR:

A, B; GYPA: A; HBGG: A; D7SA: A, B; GC: A. These reaults were dl returned with the

notation, “interpret with caution.” (Tr. 12/7/99 at 115-1 16).

The Genelex laboratory protocol dates that results such as thkse may be interpreted
with caution if, in the andys’s judgment, the results are strong enough to report. In this
case, the analyst believed that the results were intense enough to be interpreted, and were also

consgent with degradation of the DNA, and therefore Gendex did interpret them with

caution, and reported the results with that notation. (Tr. 12/7/99 at 112- 13).

6. Applying Streich to Gendex Polymarker/DQAlpha Teding.

,The Court mu;t determine whether Gendlex’ usage of the Polymarker/DQAlpha system
followed vdidated protocols sufficiently closdly for the Gendex test results to be deemed

relidble enough to admit at trid.

The 1994 protocol of Polymarker/DQAlpha manufacturer Perkin Elmer Corporation
dates that laboratories may wish to interpret test results without C and S dots with caution.

However, the present protocol recommends “that a DNA probe strip with no vishle "S" dot

not be typed for any locus."” Similarly, the protocol dtates, “If the "C" dot is absent, an
accurate determination of the type cannot be made“” The protocol of the Vermont State

Laboratory, operated by the Vermont Depatment of Public Safety, contains analogous

13 Exhibit #140, § 12.1.
14 Exhibit #140, § 122
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language.

The State's experts witnesses uniformly tedtified that even though the Genelex
Polymarker/DQAlpha test results were not reliable as independent tests, they nevertheless had
vaue in that they provided corroboration for the results provided by Celmark. Though these
results do provide evidence that no sgnificant laboratory errors were made by Celmark, they
do not independently meet the standards of scientific vaidity and reliability established by

Daubert and Streich.

The Polymarker/DQAlpha test kit is vdidated for use when dl the controls are
working, including the C dot and the S dot. Under the Perkin Elmer protocols, the test is not
vaid when the dots are not present. The Court finds there is no evidence that the
Polymarker/DQAlpha test kit has been validated for use without the C dot and S dot controls.
In light of the manufacturer’s protocol, the naked assertions of the State€'s witnesses are
inufficient to sugtain their burden of proving tha the testing is reliable under these
conditions. Because neither the C dot nor the S dot are visble on the typing strips produced
by Genelex testing, the results cannot be deemed to be reliable. For a contrary determingtion,
the State would have had to produce expert testimony showing that the Polymarker/DQAlpha
test kit has been scientificaly vdidated to produce reliable results even in the absence of the

C and S dots required by the manufacture' s protocols.

A control dot, marked "C" on the DQAI test strips, and ”S" on the PM test

grips, is used as a dandard to determine if sufficient quantities of DNA were
present to enable: a reliable match to be declared. A match cannot be declared
unless there is a vigble control dot, and the intensty of the dot is equa to or

15 See Exhibits #193 and #194.
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gregter than the intengty of the control dot.

United States v. Gaines, 979 F. Supp. 1429, 1438 (S.D. Fa 1997).

The Court concludes that the absence of the C and S dots on the Genedlex typing dirips
renders the results from the Genelex Polymarker/DQAlpha test unreliable and therefore are

not independently admissible”. Thus, it is unnecessary for the Court to analyze the other

issues raised by Defendant concerning this test.

C. STR CTT Testing.
1. The STR CTT System.

The STR CTT system, provided in kit form by the Promega Corporation, tests for
length differences a three lodi, labded CSF1PO, TPOX, and THOL. The first gep is the same
as with Polymarker/DQAlpha, beginning with the extraction of the DNA from the evidence or
known sample, followed by an amplification sep. The amplification step amplifies the three
locations, abbreviated C, T, and T. Unlike the Polymarker/DQAlpha system, there is no
hybridization step, and no strip is used. Instead, the fragments of DNA which are obtained at
the amplification step are separated by Sze on an acrylamide gd. The DNA is inserted into a
well a one end of the gd. An dectric current is then gpplied to the gel, which draws the
fragments through the gd. Since the longer fragments move more dowly than the smaler
fragments, the result is a separdtion of the fragments by length.. The gd is then stained to
make the DNA visble in the form of bands, and the length of the DNA fragments is

determined. DNA from different sources is run in different lanes on the same gd. One of

16 See, however, footnote 12 and accompanying text.
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the lanes contains an dldlic ladder, a known standard which consgts of dl of the dldes that
are generdly seen in a population for a particular gene.  The bands from the evidence and
known samples can be compared to the alelic ladder to determine their length. All three loci
are separated on the same gd. The CSF fragments wind up a the top of the gel, the TPOX
fragments in the middle, and the THO! fragments on the bottom. Each is read by comparing

their position to the postion of the bands in the dldic ladder. (Tr. 12/6/99 at 66-71).

2. Applying Streich to the STR CTT System.

The CTT STR system has undergone peer review, and the same sorts of studies were
conducted as for the Polymarker/DQAlpha system.” The system has been in use by
Cellmark since 1994, but was available and in use before that time. Like the
Polymarker/DQAlpha system, the CTT system uses a reagent blank and positive and negative
controls. The system is generdly accepted in the sdentific community. In Dr. Cotton's
opinion, the CTT STR system is a relidble way to determine a genetic profile. (Tr. 12/6/99 a

70-71; Tr. 12/9/99 at 20).

CTT tesing has been held to be vaid and rdiable by courts of other jurisdictions.

The Massachusetts Supreme Judicid Court held that Cdlmark’'s STR CTT test was

sdentifically valid under Daubert. See Commonwedlth v. Rosier, 685 N.E.2d 739 (Mass.

1997). The Court noted that Cellmark had conducted extensve vdidation tests to evauate the

relidbility and sendtivity of STR testing |d.at 8 13 n. 10. The Court relied in part on a

7 No articles on validation testing were provided by the State to the Court. However,’ the Vermont
trial courts have previously relied on published articles in scientific journals validating the STR Triplex (CTT)
test kit. See State v. Batchelder, No. 1127-g-95, slip op. a 30-3 1. (Wind.Dist.Ct. Aug. 7, 1997) (Grussing, J.).
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published validation study. Id. at 814 n.11, diting Micka, Validaion of Multiplex Polymorphic.

STR _Amplification Sets Deveoped for Persond |dentification Applications, 41 J Forendc

Sci. 582, 589 (1996) (vaidating combined STR testing at CSF1PO, TPOX, and THOI,

through GenePrint STR Systems, testing found “sengitive and robust” and “highly rdiable’).

CTT has aso been accepted under the more redtrictive Frye test. See, Peaple v. Allen,
85 Cal.Rptr.2d 655 (Ca. Ct. App. 1999) (Cellmark’s STR test on three loci is generdly
accepted, based on endorsement of the technique by the Massachusetts and Nebraska Supreme
Courts). The Nebraska Supreme Court has approved the use of STR testing, concluding that '

STR tests are generdly accepted in the scientific community under the Frye test. See Sate v

Jackson, 582 N.W.2d 3 17 (Neb. 1998).

STR tedting has dso been admissble in two other cases, where it was not chalenged.,

See Waitts v. State, 733 So.2d 214 (Miss. 1999) (STR Triplex testing) and United States v.

Beder, 62 F. Supp.2d 136 (D. Maine 1999) (Cellmark STR analysis).

The Court finds that thk CTT STR system has been subjected to vdidation testing,
publication and peer review. The Court further finds that it is generdly accepted in the
scientific community, and the results of such testing have been deemed admissble in a
number of date courts, including a trid court in Vermont. The Court concludes that the CTT

STR sysem is a rdiable scientific technique under Streich.
3. STR CTT Testing'at Cellmark.-
a. Cellmark CTT STR Test: Crime Scene Hair and Known Sample.

Anjali Swienton adso conducted tests utilizing the CTT STR system, using both the
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crime scene hair DNA sample and the known sample from Defendant. The DNA used for
these tests was obtained from the DNA extracted origindly from the crime scene har and
from the known sample. It was amplified for the CTT loci, and a product ge was run. The
product gel indicated that no product had been obtained for Sample 02. Double the amount

of extracted DNA from Sample 02 was then amplified, and the product gel for that
amplification indicated that product had been obtained. The known and unknown samples
were amplified a the same time. Although the protocols do not permit extraction from
known and unknown samples to occur a the same time, concurrent amplification is permitted, *
and this practice does not create an unacceptable risk of contamination. As with al such

tests, reagent blanks and positive and negative controls were run. (Tr. 12/6/99 at 97-102; Tr.

12/17/99 at 33-34).

After the second amplification, the product for both the known and unknown samples
were run on a gd, and the results were andyzed. The profile for the crime scene hair was as
follows: CSF: 11, 12; TPOX: 8, 11; THOI!: 7, 9.3. These results reflect the number of
repeats found, i.e, the CSF lod condsted of two aleles, one deven repedts long, and the
other 12 repesats long. The 9.3 dlele for THOT! indicates nine repeats plus three more base

pars, (The repeated ssgment itsdf is four base pars long). The results for Sample 03, the

known sample, were as follows. CSF: 11, 12; TPOX: 8, 11; THOI: 7, 9.3. The two profiles

‘are the same (Tr. 12/6/99 a 102-104; Tr. 12/17/99 at 34-36).

At no time during the testing in this case did Ms. Swienton see any evidence of

contamination. At no time did she observe anything that would cast doubt about the

rdiability of the tests It is her opinion that the profiles reported for Samples 02 and 03
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accurately represent the actua profile for those samples. (Tr. 12/17/99 at 36-37).
4. Applying Streich to the CTT STR testing at Cellmark.

The CTT system, like Polymarker/DQAlpha, has been in use for a number of years.
It, too, has been the subject of many studies which have been published in peer-reviewed

journals.

Again, the Court is concerned that the manufacturer of the test kit has dected not to
publish the primer sequences. Despite this deficiency,-because of the length of time this kit
has been in operation, the number of laboratories utilizing it (at least 20) and the number of
vdidation studies conducted (the lack of primer sequences notwithstanding), the Court is
comfortable in concluding that the CTT system conditutes a vdid and relidble technique when
properly employed. The CTT sysem is generdly accepted in the scientific and forensic

communities.

The Court received credible testimony that the CTT test had been vaidated. There
was no specific evidence offered that it had been validated for use on degraded DNA samples.
However, the Court’ notes that throughout the testing process, none of the controls indicated a
problem. The Court concludes that any DNA degradation did not interfere with the CTT
process. Defendant has faled to demonsrate why, under these circumstances, the results

should not be accepted as trustworthy.

Smilaly, Defendant asserts that laboratory contamination may have somehow affected
the results.  Specificaly, Defendant points out that the Cellmark laboratory was closed for a

period of time in April, 1995, and suggests that the interruption was caused by the need for
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the lab to cleanse itsdf of some unspecified, generdized contamination, While it is true that
Cellmark employees are not now able to explain the hiatus, the Court concludes that since the
controls in this case indicated no mdfunction, the results here were not affected by whatever
ese might have been occurring in the lab. There is Smply no evidence tha contamination

dffected the results in this case

As noted above, both the amplified product for the known and unknown samples were
run on the same ge for dectrophoress. Defendant suggests that contamination might have
occurred during this part of the process, but has presented no evidence that this is a practica

concern or that there was actua contamination.

The Court concludes that CTT STR testing performed by Cellmark substantially
followed the procedures for which the test was vdidated. Therefore, the evidenceis

scientificdly reliable and thus is admissble evidence which may be consdered by the jury.
D. Profiler Pus Teding.

1. The Profiler Plus Sysem.

Cellmark dso used a STR teging sysem cdled Profiler Plus. The Profiler Plus
sysem, avaldble in a kit from Perkin Elmer, dso involves DNA extraction, followed by
amplification, followed by an dectrophoresis step. The system tedts for a group of STR's,
just as the CTT sysem does. However, it targets nine STR’s rather than only three. The
electrophoresis is done through a capillary, ingead of a gd. The visudization of the DNA is
done using fluorescent tagged primers.  As the DNA passes through the capillary, in order of

size, it passes a window through which a laser is directed. The laser excites the fluorescent
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tag, which gives off light a a paticular wavelength, which in turn is detected by the machine,

cdled a 3 10 Genetic Analyzer. (Tr. 12/6/99 a 71-72).

The fluorescence passing by the window creates a profile of pesks, measured in
fluorescent units. Two peaks will gppear for each locus, one pesk for each dlde. Through a
series of comparisons with controls that are also run on the capillary, one can trandate the
pesks into the number of repests, just as with the CTT sysem. The controls include both an
allelic ladder and an internd standard that runs with each sample. In addition, reagent blanks,

and positive and negetive controls are aso run on this system. (Tr. 12/6/99 at 74-75).

Capillary electrophoresis is used for research purposes, for gene mapping, for location
of disease genes, and for anything that has to do with locating a specific gene on a specific
pat of a chromosome or associating it with another gene physicaly on the chromosome.  The
use of fluorescent primers and the generdized use of STR's has been in place for some time,
as early as 1990. The specific group of nine STR's used in Profiler Plus has been in
exisgence for a couple of years and a few papers have been published to date. The multiplex

. itdf is rdatively new, but the technology and the use of fluorescent tagged primers and the
use of STR's is not new. The nine foci used, plus four others, have been designated as the 13
loci that will be used in the combined DNA index sysem for profiling convicted offenders

around the country. Therefore, dmost every laboratory in this field has ether implemented

this system, or is in the process of doing so. That group of 13 loci was vdidated in a study
sponsored by the FBI that included twenty laboratories across the country. Although there is
no publication of the results of this study, a large amount of information has been presented

in meetings on these particular group of loci. According'to Dr. Cotton, Profiler Plus is

48



generdly accepted in the forensc community. (Tr. 12/6/99 at 75-78).
2. Applying Streich to Profiler Plus System.

The Profiler Plus system which Cellmark used on a known sample from Defendant,

has only been in use for a couple of years. As indicated, the basic technologies incorporated
in Profiler Plus have been utilized as independent entities for longer periods of time, and are

generdly recognized as vdid scientific techniques.

As explained above, the Profiler Plus system is greater than the sum of its parts.
Because of the compromises made in creating multiplex systems, it is necessary that the entire
system, as a package, be examined and vdidated. In the case of Profiler Plus this smply has
not been accomplished. When the testimony of the State's witnesses is examined, none of

them pretend that it has been.

As the Court has noted twice above, the failure of the manufacturers of DNA testing
sysgems to disclose the primer sequences they have created to permit amplification of DNA is
problematic from the perspective of scientific knowledge and, consequently, vaidation. It is
more than problematic, it is anti-scientific in that it inhibits the &bility of sdentigts in the fied
(including defense experts) to test the manufecturers dams. Although the Court understands
that the manufacturers believe they need to maintain as confidentiad what they consider to be

proprietary information, in the case of new technology, it delays acceptance by the courts. In

view of the mandate of Streich -- paticularly the firs and second factors -- the results of the

Profiler Plus tests cannot be admitted.

Profiler Plus has not been subject to scrutiny through articles in peer-reviewed
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journas. There have been no independent vaidation studies of Profiler Plus. There is no
published vdidation of the Profiler Plus as a multiplex sysem. According to its own

scientigts, Cellmark has not yet completed its own validation work on Profiler Plus.

Furthermore, computer-assisted legal research has not disclosed any appellate court in
the country -- or even a trid court -- which has held that Profiler Plus is vdid and reigble.
Counsd have failed to cite any such authority. Evidence from a similar system, using a

Perkin Elmer Genetic Andyzer 310 capillary eectrophoresis insgrument, was held to be

inadmissible. See People v. Bokin, No. SCN: 168461 (Cal. Super. Ct. May 6, 1999)." As

that court observes: “It is not enough that the particular laboratory which developed a
procedure which is marketed engage in their own internd vdidation.” Id. a 5. The court
concluded that DNA evidence obtained from these tests was not admissible because it was not
scientificaly vdidated. Id.

The Profiler Plus system is capable of being tested in the same way that earlier DNA
andyss sysems have been tested. However, the Profiler Plus sysem has not been
suffidently  vdidated. The results of validation testing of Profiler Plus have not been
published and subjected to the peer review process. Without the scrutiny of the scientific
community, the Court can not establish whether Profiler Plus is a reliable sysem, or one
which is prone to error. Regardless of whether the technique is generally accepted in the
commercid forendc community or is widdy used in building convicted offender databases,
no gppellate court has found that this system is vaidated for use in acrimind proceeding.

The Court concludes that the test results from the Profiler Plus system are not admissible in

18 This opinion is on file with the Court.
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this case because Profiler Plus has not yet been scientificdly vdidated.
E. PowerPlex Testing.
1. The PowerPlex System.

Gendex dso conducted Short Tandem Repeat (STR) testing in this case. It used a
commercid kit from the Prornega Corporation when doing that testing, the name of which is
the PowerPlex 1.1 kit. When using this kit, the DNA s firs extracted, then amplified a nine
different sites, including a gene which tests for sex. The amplified DNA is then run on an
electrophoresis gel, which separates out the DNA by size.  Once the gel is completed, it is put |
into a laser scanner, which detects fluorescent molecules which are atached during the
copying process. The laser scanner then uses the fluorescence to build an image in the
computer, which is andyzed to determine the actud number of repeets a each locus. (Tr.

12/7/99 a $8-90).

As with dl of the forensc samples, a postive and negative control. are both used with
STR tedting, as well as reagent blanks which are generated during the extraction process. The
PowerPlex system has undergone peer review through publication of papers in the Journd of

Forensic Sciences.

The PowerPlex system has been in use for forensc testing snce 1997. Non-
fluorescent STR testing was in use for severd years before that, and fluorescent testing for
sysems other than the PowerPlex system was in use before 1997 as well.  Genelex
conducted vdidation testing with the PowerPlex system, including testing of reproducibility,

accuracy, sendtivity, and other factors, to demondrate that the system is in fact reliable and
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robust and accurate. (Tr. 12/7/99 at 94-96).

Dr. Bieber is familiar with the various forensc DNA testing procedures used in this
case including PowerPlex and Profiler Plus. Dr. Bieber holds the opinion that each of these
types of tests has been validated within the scientific community, has been subjected to peer
review, has been the subject of scientific conferences and seminars, and has been generdly

accepted as rdiable within the scientific community. *(Tr. 12/9/99 at 20-23).
2. Applying Streich to the PowerPlex System.

In June, 1998, Genelex used the PowerPlex system to analyze and type the DNA
obtained from a 1976 crime scene hair. The PowerPlex system is quite new, and has only
been in use gnce 1997.. Thus, a the time of andyss, the syssem had ‘been in use for
goproximately one year. Like the Profiler Plus, the basc technologies comprisng the system
have been used in previous separate applications and are generdly recognized as valid
scientific  techniques.  However, the entire multiplex system, as a package, must be examined

and vadidated.

For the same reasons discussed above with respect to the Profiler Plus, the falure of

the manufacturers of PowerPlex to disclose the DNA amplification primer sequences prevents
independent  scientists from reedily vdidating the PowerPlex sysem. The manufacturer’s
proprietary concerns, however, can not trump Defendant's right to a fair trid, which includes
the right to have only scientificdly vaidated evidence admitted for the jury to condder in the
Sia€e's case agang him. Especidly, with a new test, which has not been validated by long

use in a vaiey of settings with a variety of sample types, it is unacceptable to deny
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independent scientists (including defense experts) access to primer sequences, which could
dlow the scientists to properly investigate the purported reliability and vaidity of the new

technique.

Promega Corporation, the manufacturer of the PowerPlex, has published two papers in
the Journal of Forensic Sciences on the PowerPlex System. Only one other vaidation study

by another laboratory has been published.

Moreover, the Court has been unable to discover any appellate decisions in either the
date or federd courts which have recognized the PowerPlex system as vaid and reliable.

Counsd have failed to provide any legd authority on this point.

PowerPlex, like Profiler Plus, was designed and developed to andyze and type DNA
samples obtained from convicted felons to enable the various dtates to build convicted
offender DNA databases. The Court infers that the system’s manufacturer was principally
concerned with developing a system for typing contemporaneoudy retrieved DNA samples.
Thus, the inability of the State to demonstrate successful vaidation studies on degraded DNA

samples is paticularly criticdl.

It is the State's burden to persuade the Court by a preponderance of the evidence that
the PowerPlex test results are admissble under Fireicibtate has not met its burden.
The Court concludes that even though the PowerPlex system is capable of being tested, there
is no evidence that it has been tested for the use to which it was gpplied in this case.

Although PowerPlex was been subjected to some publication and peer review, publications are

not numerous, and more importantly, do not specificdly address PowerPlex’ ability to reliably
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test the type of sample involved in this case. Furthermore, the lack of published sequences
does not permit independent scientists to review whether the test functions the way its
maenufecturer dams. Findly, while PowerPlex may be lauded by the commercid laboratories
who use it and the crime labs which are pleased to have a tool for efficiently building
convicted offender databases, the Court is not convinced that the PowerPlex system has
ganed generd acceptance in the larger scientific community. Like the Profiler Plus, no
appdllate court has found that PowerPlex is reliable and valid for use in crimind proceedings.
The Court concludes that the Profiler Plus is not admissble in this case because it has not yet

been scientificdly vdidaed as rdidble

VIl. Saigicd Andyss of Test Results

A. Population Genetics.

The same basc principles of genetics, such as Mendd'’s laws of segregation and
independent assortment, that are routindy gpplied in medicad research and diagnosis, apply

with equa force to forensc uses of DNA. (Tr. 12/9/99 a 16-17).

Population genetics is a subspecidlized area of genetics that dedls primarily with the
gendtic diversty that occurs in populations, specificdly with regard to the frequency of
particular adleles or genotypes in various populaions of plants or animds, and it primarily
makes use of population sampling. Population sampling is a method used to derive estimates
about a large population from sampling a smaller one. Since datistical estimates can be made
effectivdy from smdler populaions, it is more efficient and more practicd to use sampling

theory rather than to atempt to test an entire population. (Tr. 12/9/99 at 23-24).
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A daabase in this context refers to a collection of samples or individuals that are
collected and used by population geneticigs to make profile tabulations for use in making
frequency estimates about a larger populaion from which that sample is obtained. When
creating a database for forensc DNA use, important factors to include in the make up of the
database include the sze of the database, the excluson of related individuds (in most cases),
and a classfication of the database that relates to the estimates to be made. It is common
practice to classify humans for forensic purposes into different population groups based upon
their so-called race or ethnicity, and sometimes aso by rdigious affiliation,.country of

naiond origin, or linguistic sSmilaities  These factors are relevant because the frequencies

of profiles can differ in these different populaions. (Tr. 12/9/99 a 14-20).

Databases are created as part of ongoing research into the development of new
reagents and genetic loci, to determine whether there is sufficient variaion for the loci to be
useful. Databases are often gathered and collected by researchers at universties or crime
laboratories or commercia companies. 1N some instances, the databases are collected by law
enforcement agencies such as the FBI, or state or loca crime laboratories. In some cases, the
databases are gathered by the vendors of commercia reagent kits, or by laboratories that

perform forensic or paternity testing, so that they can interpret their own laboratory findings.

These databases are collected by scientists who understand the principles behind them,
‘and are typicdly reviewed datidicdly by scientiss ether in or outsde of ther organization.
In many ingtances, the data will be offered for presentation at scientific meetings, such as the
Human ldentity Symposum, the International Congress on Forensc Staidics, or the

American Academy of Forensic Sciences. They are often published in journds, including the
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A database in this context refers to a collection of samples or individuds that are
collected and used by population geneticists to make profile tabulations for use in making
frequency estimates about a larger population from which tha sample is obtained. When
cregting a database for forensc DNA use, important factors to include in the make up of the
database include the dze of the database, the excluson of rdated individuds (in most cases),
and a classfication of the database that relates to the estimates to be made. It is common
practice to classfy humans for forensc purposes into different population groups based upon
their so-called race or ethnicity, and sometimes aso by religious effiliation, country of

nationd origin, or linguistic gmilaities These factors are relevant because the frequencies

of profiles can differ in these different populations. (Tr. 12/9/99 at 14-26).

Databases are created as part of ongoing research into the development of new
reagents and genetic loci, to determine whether there is sufficient variation for the loci to be
useful. Databases are often gathered and collected by researchers a universties or critne

laboratories or commercia companies. In some instances, the databases are collected by law
enforcement agencies such as the FBI, or state or loca crime laboratories. In some cases, the
databases are gathered by the vendors of commercia reagent kits, or by laboratories that

perform forensic or paernity testing, so that they can interpret their own laboratory findings.

These databases are collected by scientists who understand the principles behind them,
and ae typicdly reviewed datidicdly by scientigs ether in or outsde of their organization.
In many ingances, the data will be offered for presentation a scientific meetings, such as the
Human Identity Symposium, the Internationd Congress on Forensc Statigtics, or the

American Academy of Forensic Sciences. They are often published in journds, including the
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Journal of Forensic Sciences. However, it is becoming difficult to get this sort of data

published, because it is no longer consdered new or scientificaly interesting. The data has
been scrutinized and peer reviewed, but may not have been published for lack of space in the |
journas, and because the populaion groups have been thoroughly enough studied that the

database would not be donsidered a new and important scientific contribution. (Tr. 12/9/99 at

26-28).

A database with a sample of one hundred, in the context of forensc testing, has been
shown to be adequate in detecting aldes as infrequent as one percent, with a high degree of

confidence. (Tr. 12/9/99 a 31).

Assuming that a database has been subjected to this kind of peer review, it is
ressonable within the scientific community to rey on such a database in performing
cdculations ether in the medicd or the forensc context, without persondly inspecting the
raw data for each of the individuas who gave a sample to that database. It is @ common
practice to do so in forensics and in every branch of science and the trestment and care of

patients. (Tr. 12/9/99 at 28).
B. The Databases.
1. The 1995 Cellmark Database.

Cellmark employees cdculated match frequency estimates in this case based on
Cellmark population databases. The Cellmark database was originaly evauated in 1995. See
B. Weir and J. Buckleton, Tests for Disequilibrium in Cellmark Databases. Polymarker and

STR Data (June 1995) (unpublished manuscript). (Defense Exhibit # 172). Dr. Cotton testified



that as a result of scrutiny of the 1995 Cellmark database, a number of samples had to be
removed from the Cellmark population database that should not have been there, and other
samples were added. (Tr. 12/9/99 at 158, 165). On May 29, 1997 Celimark modified its 1995
database by removing two individuas from the Caucasan database and replacing 19
individuals with 21 other individuds in the African American datdbases. See B. Welr,
Genotype Frequencies in the Cellmark Databases. PM, DQA1 and STR Data (June 1997)
(unpublished manuscript) at 1. (Defense Exhibit # 169). Dr. Cotton acknowledged that the
1995 Cellmark database included incorrect samples. (Tr. 12/9/99 a 166). Dr. Don Riley
testified that samples from white employees had ended up in the black database, and in fact
had appeared twice each. In addition, at fesst ten of the sampies included in the African
American database were from Hispanic individuas rather than African Americans, and two

other samples were from people who resided in Barbados, not the United States. (Tr.

12/10/99 a 14-15).

A June 10,. 1997 Memorandum from the Cellmark senior scientists to Cellmark
forensic saff explains the reasons why samples were removed from the 1995 Cellmark
database. The reasons for removd were: (1) individuds were included who did not live in
the United States, (2) the racia background of the person could not be confirmed or (3) the
samples did not come from Cellmark staff or a Cellmark paernity case. (Defense Exhibit #
124). The June 10, 1997 Cellmark Memorandum gsated that Dr. Weir had andyzed the

updated database and issued a report dated June |, 1997. (Defense Exhibit # 124).

The Court concludes, based on the testimony of Dr. Cotton and Dr. Don Riley, Dr.

Weir's June 1, 1997 report, and the June 10, 1997 Cellmark Memorandum, that the 1995
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Cellmark database contains a number of errors. No expert witness in this case hes tedtified
that the 1995 Cellmark database is currently considered reliable. Therefore, genetic profile

frequency calculations based on the 1995 Cellmark database are not admissble & trid.

2. The 1997 Cellmark Database.

Dr. Bieber caculated the frequency of the genetic profilk obtained by Cellmark based
on a corrected database constructed by Cellmark, hereinafter, the 1997 Cellmark database.
This database has been subjected to vaidation testing. See B. Welr; Genotype Frequencies in
the Cellmark Databases. PM, DQAI and STR Data (June 1997) (unpublished manuscript).
This paper has not been published in a peer review journd. It has, however been widdy
digributed in the forendc community, and has been presented at scientific meetings. (Tr.
12/9/99 a 50-51). Dr. Bieber testified that the 1997 Celimark database has been subject to
vdidation by Dr. Werr and is generdly accepted as reiable in the scientific community. (Tr.
12/9/99 a 50-51). The Defense has not chdlenged the vdidity or rdiability of the 1997

Cellmark database.

)

The Court finds the 1997 Cellmark database is reliable and valid. It has been
subjected to a vdidation study by Dr. Weir, and the results have been made widdy available
to the sdentific community. Dr. Weir's paper reports the frequencies observed in the
database itsdf, s0 they are avalable for scrutiny by the scientific community. There is expert
testimony that the 1997 database is generdly accepted in the scientific community, and there
is no contrary evidence. The Court concludes that genetic profile frequency calculaions
based on the 1997 Cellmark database are admissible, subject to the caculation assumptions
which fallow.
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C. Frequency Calculations.
1. Generally.

Implementation of the product rule condsts of the multiplication of probability
estimates that are considered independent of one another to produce a combined probability of
those two or more separate events. The principle assumption underlying the rule is thet the
occurrence of one of the events does not affect the occurrence of any of the other events, so '

that the events are independent. -(Tr. 12/9/99 at 29).

The Hardy-Weinberg Equilibrium is a condition in which the dlde frequencies within
a large, random, intra breeding population are unrelated to patterns of mating. In this
condition, the occurrence of dldes from each parent will be independent and have a joint
frequency estimated by the product rule. 2 D. Faigman, €. d., Modern Scientific Evidence,
at 600. The Hardy-Weinberg Equilibrium dlows one to predict the frequency of the different
categories of individuas, homozygotes (who have two copies of the same dléde), and
heterozygotes (those who have two different dldes a a particular locus). It dlows the
prediction of the frequency of each combination of aleles @ a certain locus in a sexualy

reproducing population. (Tr. 12/9/99 at 29-30).

Linkage equilibrium is a condition in which the occurrence of dldes a different loci
are independent, 2 D. Faigman, et d., Modern Scientific Evidence, a 604. Genetic loci that
are on separate chromosomes, or are far gpart on the same chromosome, typicaHy exhibit
linkage equilibrium, in that the segregation of dldes is independent. Genetic loci that are

physcadly very, very close to one ancther on the same chromosome may not have



independent behavior, and they might be said to be in disequilibrium. (Tr. 12/9/99 at 30).

Any ggnificant and severe departure from either concept could alow the independence
of thelodi to be questioned, and therefore the product rule might not be applicable. ( Tr.

12/9/99 at 30).

When one makes a frequency estimate for a particular genotype, or a set of genotypes
in a DNA profile, one is actudly presenting what is technicdly caled a point estimate of a
combined match probability, dso cdled a match datistic, or a profile frequency estimate.
The “confidence interva” is an “edimate expressed as a range, for a quantity in a population.
If an edimate from a large sample is unbiased, a 95% °‘confidence intervd’ is the range from
about two standard errors below to two standard errors above the estimate. Intervals obtained
this way cover the true value about 95% of the time, ad 95% is the “confidence level.”’ 2

D. Fagmen, et. d., Modern Scientific Evidence, a 588.

A dandard accepted confidence interva leve within the scientific community for DNA
forensic identification testing comparison purposes is 95 percent. This intervd is universaly
used, from psychology to biology to forensics. It is not only common, but dso amost
universa, for private laboratories to report only the point estimate, and not the confidence
limit, because the concept of confidence interva is so well-ingrained and accepted by al
people who are familiar with concepts of mathematics and Satidtics that it is understood that

the etimate is a point estimate. (Tr. 12/9/99 at 32-35).

Population subgroups are defined groups within a large group, based on ethnic or

religious or linguidic dassfications. The National Research Council, a group appointed by
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the Nationa Academy of Sciences to ded with intereting or socidly relevant metters
involving science and public policy, has produced severd important publications that dedl

with forensics. One of those publications, NRC 1", recommended a method called the

caling principle, in order to correct for possible populaion subgroups. It was a method used |
to overesimate the true frequency of a particular profile. That report has been superseded by
NRC I1.%° NRC Il strongly suggests that the ceiling principle be abandoned. See NRC |,
supraadt 156-59ommends the use of a correction factor known as “theta’.
Theta basicaly adds a number to the product rule caculation, SO that it incresses the expected
profile frequency. It other words, it results in a more conservative cdculation. (Tr. 12/9/99
at 35-37).

( 2. Application of Streich.

In State v. Streich, 163 Vt. 331 (1995), the Supreme Court acknowledged that there

were two distinct, rdevant aspects to DNA profiling evidence, laboratory identification of
DNA loci and the caculation of probability statistics. As anticipated by the Court in Streich,
the “sdientific dimate is vadly different” today than in 1991, when Streich was tried, and
1995, when the Court issued its opinion.

Today, the PCR technique is overtaking the RFLP method used in Streich.. In Streich;

the Court categoricdly rgected the unmodified product method of caculating probability, and

endorsed the celling principle to account for the vagaries of population substructure “to fully

% National Research Council, DNA Technology_in Forensic Science (1992) (“NRC 1.

20 National Research Council, The Evaluation of Forensic DNA Evidence (1996) (“NRC I17).
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protect the rights of crimind defendants” Id. & 345. Currently, the experts agree that the

ceiling principle has been replaced by a correction factor caled “theta”

In the course of testimony taken over seven days, the Court received evidence from
both State and Defense experts regarding the proper method for calculating probabilities in
connection with the genetic profiles obtained in the instant case. The Streich opinion suggests

that it is the duty of this Court to determine which probability satistics will be presented to

the jury:

Thus, we find it wholly impractical to say the dispute over daidica
measurement should go before the jury for a clash of experts on the proper
probability  figures. Such evidence will not assst the jury in understanding.the
evidence or determining a fact in issue as required by Rule 702. It would
thresten to become an evidentiary Sdeshow raisng serious Rule 403 concerns.
On the one hand, it may inappropriately undercut the -legitimate force of DNA
maich evidence. On the other hand, it may focus too much atention on the
ggnificance of the probability daidics.

Streich, 163 Vt. a 345-46 (emphasis in origind).

With al due respect, the import of this passage is not clear. Thereis no question that
datisticd andysis is complex and often abstruse. Undoubtedly, the jury will have to struggle
to understand and weigh the testimony of the various expert witnesses. However, ‘this Court
does not appreciate the quditative difference between expert satistica testimony and expert
testimony in other highly technicd fidds

Mogt troublesome in the context of the indant case is that the Court's language in
Streich ignores Defendant’s rights under both the Sixth Amendment to the United States
Condtitution and Chapter 1, Article 10 of the Vermont Condtitution to confront adverse

witnesses and to cal witnesses in his favor. A defendant’s right to confront and to present his
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own evidence might be more ﬂ%eoreticd than feal when the debate is between minuscule
probabilities.  Here, the disagreement between the expert opinions results in large and
meaningful differences in the cdculaion of the match probabilities. This Court can find no
method of resolving the apparently bona fide -difference of opinion without doing injudtice to

dather the State or Defendant.

This Court concludes that the passage from Streich quoted above is dicta.  The holding
in Streich is that evidence based on the unmodified product rule does not pass muster under
the reliability standai-ds of Daubert, and that admitting the same constitutes error. Id. at 346- .

47. The language regarding the battle of experts is amply extraneous.

At mog, the Court’s limitation of expert datistical testimony gpplies only when the
dispute concérné which of two or more minuscule probabilities is more accurate. The
undersigned agrees that. it likdy would make little difference to a jury “whether the
probability of random sdection of a person with the same alele is 1 in 100,000 or 1 in

1,000,000." Id. at 345. That is not the case here. Defendant presented evidence that the
probability of a random match might be as grest as 1 in 2845. The State showed that the
probability might be as smdl as 1 in 17,000,000. Here, the different probabilities are not an
“evidentiary Sdeshow” but a substantid and important issue directly bearing on the State's

burden of proving the identity of the perpetrator.
3. The Probability Calculation.

The NRC Il Recommendation 4.1 dates the following concerning, the use of

appropriate databases:
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In generd, the cdculation of a profile frequency should be made with the
product rule. If the race of the person who left the evidence-sample DNA is
known, the database for the person’s race should be used; if the race is not

known, cdculations for dl racid groups to which possble suspects belong
should be made.

Recommendation 4.1, NRC I, gsupra, at 122.

NRC Il Recommendation 4.2 addresses the case where al possible sources of the DNA

sample come from the same isolated subgroup:

If the particular subpopulation from which the evidence sample came is known,
the dlde frequencies for the specific subgroup should be used as described in
Recommendation 4.1. If dlde frequencies for the subgroup are no t available,
dthough data for the full populaion are, then the caculaions should use the
population-structure Equations 4.10 for each locus, and the resulting values
should be muiltiplied.

Recommendation 4.2, NRC Il, supra, at 122.

The State's expert, Dr. Frederick Bieber, caculated profile frequencies based upon
Recommendation 4.1. The Defense expert, Dr. William Shields, based his profile frequency

cdculations on the second sentence of Recommendation 4.2.

Dr. Shidds tetified that he believed that in dl forensc cases, the equétions 4.10
incorporated in Recommendation 4.2 should be employed. Recommendation 4.2, by its own
terms, is to be used only if the evidence sample comes from a particular subpopulation. The
comment to the recommendation indicates that the recommendation should be employed when
“the sugpect and other possible sources of the sample belong to the same subgroup. That can
happen, eg., if they are dl members of an isolated village” NRC Il, sdpra, Bt 128. s
Recommendation 4.2 should be implemented only when (1) the circumstances involve an

isolated subgroup, and (2) there is reason to believe that the perpetrator is a member of the
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subgroup. As indicated above, this would be an extremely rare Studtion.

Dr. Shidlds approach was considered and reected by the Digtrict Court in United
States v. Shea, 957 F. Supp. 331, 343 (D. N.H. 1997). As noted by that court, “The NRC II

report consdered a similar gpproach and concluded that it was ‘unnecessarily conservative.

Id, at 343 n.39.

The firgt option in Recommendation 4.1 is adso problemdtic: In the case of an un-
witnessed crime, as here, the race of the perpetrator cannot be “known” prior to the outcome

of the trial.?' Theoreticaly, al that can be “known” is the race of the suspect.?

Since the race of the perpetrator cannot be known, “caculaions for al racid groups to
which possble suspects belong” must be made, usng the second option in Recommendation
4.1. The adjustment equations recommended by NRC |i “assume that there is undetected

substructure in the population and adjusts the product rule accordingly.” NRC Il, supra, at 28.

The Court concludes that it is gppropriate to use the second option set forth in
Recommendation 4.1. Recommendation 4.1 should be employed in the probability

cdculdions in this case, usng caculdions for all racid groups to which all possible suspects

2! The Court recognizes tha even in the event of conviction, the perpetrator is “known” only by proof
beyond a reasonable doubt.

2 The authors of NRC Il obvioudy believed tha a least in some cases, the race of the perpetrator could be
known. In some ingances they use as an example a sexud assault committed by a Caucasan mde See NRC I,
supra, at 6. The Court believes that even this form of identification is hazardous in connection with DNA
profiling. As NRC Il points out, “There is no generdly agreed upon vocabulary for tregting human diversty.. . .
[GJroups ae mixed, all dassfications are fuzzy a the borders the criteria for membership are variable” NRC
I, supra, & 57. It is very possible, for example, that a perpetrator identified by a victim as Caucasian, may in
fact be of Higpanic origin. The Court therefore agrees with Defense expert William Shields thet, in the context
of a cimind trid, except perhgps in rare ingtances, the race of the person who left the evidence-sample DNA
can never be known.
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belong, snce the race of the perpetrator is unknown.

All of the equations recommended by NRC Il incorporate a “thetd’ factor. “Theta’ is
a method of accounting for populaion substructure through conservative calculation of the
probability  stetistic. It has the effect of increasing the expected profile frequency and so

results in @ more consarvative caculation, which favors the accused.

NRC |l states that “[a] conservative vaue of theta for the U.S. population is 0.01.”
However, NRC Il explains that a value of 0.03 may be more appropriate for “some small,
isolated populations’, and that “[a] more conservative vaue of theta = 0.03 might be chosen
for PCR-based systems in view of the grester uncertainty of caculaions for such sysems

because of less extensive and less varied populaion data than for VNTRs" Id. at 122.7

Dr. Bieber used a theta value of 0.03 in his caculations. Dr. Shields tedtified that a
vaue of 0.05 should be employed to account for sampling error. It appears to the Court that
0.03 is dready a very consarvative vaue; it is recommended by NRC Il as such. Whilk the
evidence did not foreclose Dr. Shidds podtion, he offered no scientific :iuthoi*ity to- support
the vaidity of his goproach. Consequently, the Court holds that the theta value of 0.03 is

scientificdly vdid and therefore cdculations based on this vaue are admissble

Based on the expert testimony and the authorities cited by the experts, the Court
concludes tha caculations employing part two of NRC Il Recommendation 4.1 and a theta

value of 0.03 are rdiable and therefore admissible under Streich.

2 NRC IT was published in 1996. Query whether the later statement would be accurate today.
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VIIl. Conclusions

1. Admissibility under Streich.

The admisshility or non-admissibility of the State's proposed scientific evidence is

summarized in the Order of the Court set forth below.
2. Consideration of V.R.E. 403.

The Court has examined a great length the various testing procedures utilized in
connection with this case and has discussed possible problems arising from those procedures.

As the Supreme Court recognized in Streich, (with respect to the RFLP technique):

The process is not error-free, but adherence to accepted procedures and controls
minimizes this eror.. . . Indeed, we cannot find any recent decison under any

dandard of admissbility which refuses to admit the DNA match result based
on the . . . risk of eror of the underlying [RFLP] technology.

Streich, 163 Vt. a 344 (citations omitted). The same may be sad of the PCR technology and

the tests approved here.

That said, the Court concludes that the probeative value of the evidence it is admitting
is greet and the danger of unfair prejudice small. “[A] daim thet sdentifically sound methods
have been applied improperly ordinarily should be left for the jury to resolve unless the
dleged ‘error negates the bads for the rdiability of the principle itsdf.”’ United-States—v—

Shea, 957 F. Supp. at 337 (citation omitted). The Court has found no such error with respect

to the test results approved.
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ORDER

1. The results of Cdlmak’s Polymarker/DQAlpha testing are admissible.

2. The results of Genelex’ Polymarker/DQAlpha testing are not admissble, except as

noted in the opinion.
3. The resaults of Cdlmark’s CTT STR tedting are admissible.
4. The results of Cdlmark’s Profiler Plus testing are not admissible.
5. The results of Gendex’ PowerPlex testing are not admisshble.
6. Statistical results based on Cellmark’s 1995 database are not admissible.

7. Statistical results based on Cellmark’s 1997 database are ‘admissible.

8. Probability caculations employing the second option set forth in NRC |l
Recommendation 4.1 ae admissible.

9. Probability caculations usng a theta vaue of 0.03 are admissble.

K’ »
Daed a Burlington, Vermont this _(o day of Apnl 2000.
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District Judge
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