SLEET, Didrict Judge.
l. INTRODUCTION

On January 14, 2000, John Walter Trala (“Tral@’) was charged by indictment withrobbery while
armed, conspiracy, and using afirearmduring a carime of violencein connectionwiththe robbery of a bank
in Bear, Delaware. At alocation outside of the bank, ablack ski mask and red jacket were collected by
the FBI and sent to the FBI |aboratories. A report dated August 15, 2000, indicated that aDNA sample
taken from the ski mask matched a known DNA sample of Trda. The Government intends to use this
evidence & trid.

On December 5, 2000, the defendant filed a motion in limine chdlenging the admissbility of the
government’ sexpected expert tria testimony on the results of the andysis of the DNA sample recovered
fromthe scene of the alleged crime. This chalenge is mounted pursuant to Rule 702 of the Federd Rules
of Evidence. According to the defendant, the DNA evidence should be excluded becauseit failsto meet
the standards for admissibility described in Daubert v. Merrell Dow Pharmaceuticals, 509 U.S. 579
(1993). The court conducted an evidentiary hearing on the issue from May 7, to May 10, 2001. Upon
congderation of the evidenceintroduced at the Daubert hearing and the parties arguments, the court finds
that the expert tetimony a issue is relevant, rdiable, and would assst the jury in making related
determinations. Thus, the court will deny the defendant’ smotion. Thereasonsfor the court’ sdecison are
st forth in detall below.

. BACKGROUND
A. Tegtifying Experts
At the evidentiary hearing, the court heard testimony from three expert witnesses for the

government and one expert witnessfor the defendant. Dr. Bruce Budowle, Brendan Shea, and Dr. Rangjit



Chakraborty were cdled by the government. Dr. William Shields was cdled by the defendant.

Dr. Budowle, the government’s primary witness, is a Senior Scientist at the FBI Laboratory
DivisoninWashington, D.C. Dr. Budowle testified about the basic concepts of DNA, different types of
DNA typing, with specific emphasis on the typing and kits used in this case, and other issues concerning
the rdiability of the typing used in this case.

Brendan Sheais a Forensc Examiner employed by the FBI DNA AndysisUnit |. Asaforensic
examiner, Sheaisresponsble for supervisng ateamof biologiststhat performs the various stages of DNA
amplificationand andyss. Sheatestified about the PCR-STR typing asit was conducted specificaly inthis
case.

Dr. Chakraborty is the Allan King Professor of Biologica Sciences, Population Genetics, and
Biometry at the Human Genetics Center, University of Texasat Houston. Dr. Chakraborty testified about
datistics, population genetics, and DNA anayss.

The defendant’ switness, Dr. Shidlds, isa professor at the State University of New Y ork, College
of Environmentd Science and Forestry. Dr. Shields testified about the rdiability of PCR/STR typing as
well the religbility of the satistica methods used.

B. Description of DNA Tegting

1. Basic Concepts of DNA*

This description of the basic concepts of DNA is derived from the Nationa Ressarch Council,
The Evaluation of Forensic DNA Evidence (1996), at pp. 12-14, 60-65 [hereinafter NRC 11]. Both
the government and the defendant agree that the NRC 11 iswidely regarded as one of the definitive
publications on the use of DNA evidence in the field of forenscs. See also e.g., United States v.
Gaines, 979 F. Supp. 1429, 1431-32 (S.D. Fla. 1997) (citing United States v. Shea, 957 F. Supp.
331, 333 (D.N.H. 1997)); Virgin Idands v. Penn, 838 F. Supp. 1054, 1058 (D.V.l. 1993).
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Each human body contains a large number of cells, each of which descends from successive
divisons of the fertilized egg that wasitsorigin. Virtudly dl non-reproductive cdls in the body contain
identica copies of acomplex structure caled deoxyribonucleic acid or, DNA. This structure represents
the genetic code for that individuad. The DNA is in the form of microscopic chromosomes, which are
located in the nucleus of acdl. A chromosome isathread of DNA surrounded by other materids, mainly
protein. A fertilized egg contains 23 chromosomes, with one member of each pair being contributed by
the mother and father, respectively. Each cell containsidenticd, duplicates of the 46 cdlsfrom thefertilized
parent cell. Therefore, each cdl in the human body has the same DNA.

The dtructure of DNA congsts of two strands, coiled in the form of a double hdlix (i.e,, atwisted
ladder). Each strand is composed of a string or a sequence of nucleotide bases held together by a sugar-
phosphate backbone. To usetheladder metaphor, running between the sugar-phosphate strands (the sde
rals of the ladder) are hillions of rungs, each of which is composed of two bases. There are only four
possibletypesof bases—A, T, G, C. “A, T, G, C’ represent adenine, thymine, guanine, and cytosine,
respectively. The order in which the base pairs gppear on the DNA ladder congtitutes an individua’s
genetic code.

A geneisaparticular DNA sequence located aong a chromosome, ranging from afew thousand
to tens of thousands of base pairs, that produces a specific product in the body. In other words, agene
isagte (asequence of |etters) onthe DNA that encodesfor aprotein. A marker isadte on the DNA that
does not code for proteins; the marker is aso known as the locus (or location). Tr. at A34. In essence,
the specific base sequence onthe gene acts as an encoded message to the body to produce certain amino

acids, whichultimatdy combine to formaprotein. Thefunction of agiven geneisdetermined by the order



of basesin the gene. The position that gene occupies dong the DNA thread is known as its locus.

Human beings share more biologica amilaritiesthan differences. Thus, over 99% of humanDNA
doesnot vary frompersonto person. Each person’sDNA, however, has certain regions where the rungs
of the ladder will be different. This area where a locus is different is polymorphic. The possible
arrangements of base pairsthat could occur in one of these polymorphic aress (i.e., the aternative forms
of agenethat anindividua could possess) are known as dldes. Thesedldescan result from differences
ingngle base pairs, differences in multiple base pairs, or differencesinthe number of base pairsfound in
agvenregion. The individud genetic makeup described by the dleles is known as the genotype. In
forensic andyss, the genotype for agroup of analyzed loci is cdled the DNA profile. When a sample of
DNA istyped, thelab examiner looks a predetermined polymorphic loci, identifies the aleles that make
up the DNA sequence a those polymorphic loci, and then determines how likely it isfor this sequenceto
gopear in agiven population.

2. Description of DNA testing

In this case, the laboratory used a method of DNA typing known as PCR/STR typing. In
PCR/STR typing, aprocess known as polymerase chainreaction, or PCR, is used to amplify targeted loci
of the sample of DNA by replicating the process by which DNA duplicates itsdlf naturadly. Thus, the lab
is able to produce a substantial number of specific, targeted segments of DNA which can then be typed
and compared. Short Tandem Repedts, or STRs, are agroup of loci which are used to type and compare
the DNA. Findly, satidtics are used to evaluae how likdy it is that a smilar match would occur if the
DNA sample were drawn randomly from the population. The court will briefly further describe the typing

methods used bel ow.



a PCR Amplification Process?

PCR, asample preparationtechnique, isalaboratory process for copying a short segment
of DNA millionsof times. The PCR processisanaogousto the process by which cellsreplicatetheir DNA
naturdly. See United Sates v. Gaines, 979 F Supp. at 1435. By usngthis process, alab can produce
asubgtantia number of specific, targeted segments of DNA whichcan thenbe typed and compared. PCR
dlowsthe laboratory to amplify only those specific DNA regions whichexhibit genetic variations withinthe
population, dlowing for DNA typing. Moreover, the PCR process enables the analysis of very tiny
amounts of DNA. PCR aso permits the analysis of old and/or degraded DNA samples.

The PCR process is comprised of three steps.  Firg, the double-stranded segment of DNA is
Separated, or denatured, into two strands by heating. This denatured DNA strand forms a template that
can dlow the manufacture of anew strand that isidenticd to its former complimentary strand.

Next, each of the Sngle-strand segments are hybridized with primers. Primers are short DNA
segments that are designed to bind with the template at particular lod. The primers are designed to
compliment a sequence just outside of atarget sequence of bases.

Hndly, each primer servesasadarting point for the replicationof the target sequence. Inthisthird
step, atype of enzyme cdled a polymerase becomesactive. Inessence, thepolymerasefacilitatesrepeated
additions of basesto the primer until a new, complimentary strand of the targeted DNA locusis crested.

This processis repeated a number of times, creeting an exponentidly increasing number of copies

2See Tr. at 45-59. See generally, NRC 11, at 69-71. See also United Satesv. Hicks, 103
F.3d 837, 844-45 (9th Cir. 1996); United Sates v. Beasley, 102 F.3d 1440, 1445 (8th Cir. 1996);
United Satesv. Shea, 957 F. Supp. at 334.



of the targeted area of the origind DNA. Eventudly, the PCR amplification process yidds a sufficient
quantity of the DNA sample to be typed. If thelaboratory wantsto typethe DNA sample at multiple Sites,
it can add additiond primers which will bind Smultaneoudy to their repective target Stes. This process
is known as multiplexing. According to Dr. Budowle, multiplexing alows the laboratory to minimize the
chance of human error and contamination in the PCR process. Using current technology, the FBI
laboratory can multiplex up to fifteen or Sxteen markers with rdigble results.
b. Short Tandem Repeats®

The PCR processis performed to amplify atargeted locus (or loci) for andyss. These loci are
selected because they are polymorphic, thus, making them amenable to typing. One group of such loci
involve a class of repeated units, distributed widdy throughout the DNA structure, known as short tandem
repeets (“STRS’). A tandem repeset involves multiple copies of an identicdl DNA sequence arranged in
direct successon in a particular region of a chromosome. A STR is a tandem repest in which the core
repeat units are just afew base pairs. Loci containing STRs are scattered throughout the chromosomes
in enormous numbers. Such loci have afarly large number of dldes and are usudly capable of unique
identification. See Commonwealth v. Rosier, 685 N.E.2d 739, 742 (Mass. 1997).

Once the amount of DNA is amplified by the PCR process; the anadyst proceeds to identify
fragments of different Szesby their migration in an dectric fied. In order to detect variaions, andyst use
aprocess known as electrophoresis. During the PCRamplificationof the STR fragments, the primersthat

are used contain flourescent tags, whichbecome incorporated into the STR fragments during amplification.

3See generally Tr. at 64-87; Commonwealth v. Rosier, 685 N.E.2d 739, 742 (Mass. 1997)
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During eectrophoress, the amplified fragments will pass through a gel and eventudly pass through a
detection window at the end of the gd. The fragments can be passed through ether a flat dab gd or
through asmadl-diameter capillary that contains age or liquid polymer. The difference between these two
methods is that the fla gel permits multiple samples to be run at the same time, while capillary
electrophoresis only permits one sample to be run at atime. The scientific principles underlying both
techniques are the same.

After the fragments pass through the detectionwindow &t the end of the gdl, alaser fires, striking
the flourescent tags, and causing the tagsto emit light. A camera will detect the light and convert it into
data. By measuring the amount of timethat it takes a particular fragment to reach the laser, the laboratory
will be able to determine the Sze of the fragment and, therefore, it will be able to determine the number of
sequencerepeats. Thefagter afragment movesthrough thewindow, thesmdler itisinSzeand viceversa

Thedatageneratedisandyzed by an accompanying computer software programwhichdetermines
the size of the aleles based onthe rate at whichthey reach the window. The software used in thiscaseis
knownas Genescanand Genotyper. The software detectsthelight being emitted and convertsit into peeks
of different 9zes. The andys then compares the configuration of these peaks againg known reference
standardsinorder to determine the number of aldespresent at thetarget loci inagivensample. Thesgnd
mugt be of a certain drength, that is, the peak must be high enough to be interpreted before the FBI

laboratory will have enough confidence in the data to make an interpretation.



C. COfiler and Profiler Kits*

In this case, the PCR process was used to amplify thirteen STR loci. The thirteen STRstyped in
this case are the core DNA markers used in the development of the Combined DNA Index System, or
CODIS. CODISis anational database containing DNA profilesof convicted fdons® In order to amplify
the DNA samplesat these particular lod, the laboratory used two kits that contain the materials necessary
to accomplish thisresult. These kits are known as the Profiler Plus and Cofiler DNA typing Systems and
are manufactured by Perkin EImer Applied Biosystems.

These kits contain three basic materids, primers, areaction mix and polymerase. The kits dso
contain the fluorescent tags that dlow the amplified DNA fragments to be detected during the
electrophoress phase. The reaction mix isamix of chemicads used in any form of PCR testing thet, in
essence, creates the proper chemica environment for the PCR process to occur. The reactionmix isnot
locus specific. The polymeraseis aclass of enzymes that enable bases to be added to the primer. It too,
is not locus specific.

The elements of the kits that are locus-specific are the primers. The primers are smdl fragments
of DNA designed to bind with particular loci when the two strands of the DNA sample are separated.
These primers do not represent new methods of performing PCR, or even modifications of the PCR

process. Theprimersaresmply known sequences of DNA baseswhich have been identified as occurring

“See generally Tr. at A87-90

°All of the samplesin the CODIS data bank are typed at the same thirteen STR loci, thus
enabling law enforcement to compare unknown samples with samples in the data bank. CODIS was
developed by a consortium of twenty-one laboratories to test various STR markers to determine which
would be the best to use in the CODI S data bank. The thirteen used in this case were selected for
CODIS and are, therefore, known as the CODI S core loci.
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in every human on the boundary of the locusto be tested.
3. Statistical Methodol ogy®

Once two DNA samples (i.e., what was found on the evidence and the defendant’s DNA) are
typed at a number of STR loci and are found to be sufficiently smilar such that they could have originated
from the same source, the andyst must determine the significance of the comparison. In other words, the
andyst must determine how commonor rarethe particular DNA profile is based on population frequency
data. The andyst does this by caculating the profile frequency. The profile frequency is smply the
probability that an unrelated person chosen at random from the population would have the same DNA
profile as the unknown sample.

The analys will determine the Satistical frequency of a particular DNA profile by multiplying the
frequency of each of the dldesin the profile, and then correcting the result to account for inbreeding” or
substructuring? effects in the population. In other words, the satistica frequency of the DNA prdfile is
caculated usng agatistical concept known as the product rule. In correcting for inbreeding, the

FBI uses a vdue noted as “theta” This concept of usng the thetainbreeding coefficient correction has

®°See Tr. at 164-196;United Sates v. Shea, 957 F. Supp. at 335-337.

"Inbreeding refers to the mating of two persons who are more closdly related than if they were
chosen at random. See NRC I, at 98.

8Substructuring refers to the tendency toward decreasing genetic heterogeneity and dlélic
independence exhibited by ethnically homogeneous, non-randomly mating populations. In other words
“asubgtructured population may be defined as one in which the probability of arandom match between
two of its membersis greeter than the likelihood of such amatch between two members of the
population at large.” See United States v. Chischilly, 30 F.3d 1144, 1153 (Sth Cir. 1994).



been known since the 1950s. The FBI uses athetavdue of .01 asisrecommended by the NRC I1. See
NRC Il at 122.° In order to caculate the dldic frequencies, the FBI has generated a series of databases
which are used to approximate the actua frequencies of the dleles in various population groups. In
addition, the FBI gppliesatenfold tolerance limit to statistical ca culations, as recommended by theNational
Academy of Sciences. This means that the FBI will increase acalculated profile frequency by afactor of
ten in each case to correct for genetic or sampling variation that might occur.
[11. DISCUSSION

A. Standard for Determining the Admissibility of Scientific Evidence

Federal Rule of Evidence 702 governs the use of expert testimony in federa courts!® The U.S.
Supreme Court’s decison in Daubert v. Merrell Dow Pharmaceuticals, 509 U.S. 579 (1993),
established a gatekeeping role for trid court judges in determining the admissibility of expert testimony on

scientific evidence.

“The parties dispute whether the use of .01 for thetais a consarvative estimate or not. The
government clams that empirica studies demondrate that .01 is*highly conservetive” In contragt, the
defendant’ s expert recommended a thetavalue of .05. In the court’ s assessment, this dispute goes to
the weight of the evidence and not the reiability.

1°0On December 1, 2000, Rule 702 was amended in response to Daubert and Kumho Tire
Rule 702 now reads:
If scientific, technicd, or other specidized knowledge will assst the trier of fact to understand
the evidence or to determine afact in issue, awitness qualified as an expert by knowledge, kill,
experience, training, or education, may testify thereto in the form of an opinion or otherwise, i f
(1) thetestimony is based upon sufficient facts or data, (2) thetestimony isthe
product of reliable principles and methods, and (3) the witness has applied
the principles and methodsreliably to the facts of the case. (Additions emphasized
in bold).
In the advisory committee notes, the committee stated that this amendment “affirmsthe trid court’srole
as gatekeeper and provides some genera standards that the trial court must use to assess the reliability
and helpfulness of proffered expert testimony.” Fed. R. Evid. 702 advisory committeg’ s note.
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[T]he trid judge must determine at the outset, pursuant to Rule 104(a), whether the expert is
proposing to testify to (1) scientific knowledge that (2) will assst the trier of fact to understand or
determine a fact in issue.  This entalls a preliminary assessment of whether the reasoning or
methodology underlying the testimony is scientificaly valid and of whether that reasoning or
methodology properly can be applied to the factsin issue.
Id. at 592-3. In other words, Daubert directed digtrict court judgesto insure that evidence presented by
expert witnesses is relevant, reliable, and helpful tothe jury’ sevauation of such evidence. 1d. at 597. In
1999, the Supreme Court extended Daubert’ s gatekeeping obligations to not only scientific evidence, but
aso non-scientific testimony. See Kumho Tire Co., v. Carmichael, 526 U.S. 137 (1999).

Rule 702 has three requirements as to expert opinions. 1) the witness must be an expert; (2) the
witnessmust testify to scientific, technicd, or other specidized knowledge; and 3) the tesimony must assist
thetrier of fact. See United Statesv. Velasquez, 64 F.3d 844, 849 (3d Cir. 1995) (citations omitted).

Whenan expert bases opiniontestimony onscientific knowledge, the testimony will not be admitted
unlessit isderived by the scientific method and is supported by “ appropriate vdidation.” Daubert, at 590.
Thisstandard of evidentiary rdiability focuses on the scientific vdidity of the expert’'s methodsrather than
the soundness of his specific conclusions. 1d. at 589 (“[the] inquiry into the reigbility of scientific evidence
.. .. requires adetermination as to its scentific vaidity.”); see also Oddi v. Ford Motor Co., 234 F.3d
136, 145 (3d Cir. 2000); United Sates v. Shea, 957 F. Supp. at 337. An expert’'sopinionisrdidbleif
it is based on the “methods and procedures of science” rather than on “subjective belief or unsupported
Speculation”; the expert must have “good grounds’ for hisor her belief See Daubert, 509 U.S. at 589.

Although the Court in Daubert acknowledged that many factors could bear on the inquiry, the

Court did set out Some genera observations to guidetrid courtsindeterminingif proffered expert testimony

is auffidently rdevant and religble to be admissble. In determining “whether a theory or technique is
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scientific knowledge that will asss thetrier of fact,” acourt should consider “whether it can be (and has
been) tested,” “whether the theory or technique has been subjected to peer review and publication,” “the
known or potentid rateof error, and the existence and maintenance of standards controlling the technique's
operation, and whether the theory has been generdly accepted. See Daubert at 593. The Court dso
emphasized that the inquiry envisoned by Rule 702 is “a flexible one," and noted that the “focus ... must
be solely on principles and methodology, not on the conclusons they generate” 1d. at 595.

INn1994, the Third Circuit first applied Daubert inInre Paoli Railroad Yard PCB Litigation, 35
F.3d 717 (3d Cir.1994)(“Paoli 11"). In discussng rdiability, Paoli 11 adopted the factors outlined in
Daubert and aso noted the continuing vitdity of United States v. Downing, 753 F.2d 1224 (3d
Cir.1985), which aso articulated factors to be consdered in determining reliability. Paoli 11 held that in
conducting an inquiry into the reliability of proposed expert tesimony, “didrict court[s] should take into
account al of the factors listed by ether Daubert or Downing as well as any others that are relevant.”
Paoli 11, a 742. Thesefactorsinclude:

(1) whether amethod consists of atestable hypothesis;

(2) whether the method has been subjected to peer review;

(3) the known or potential rate of error;

(4) the exigtence and maintenance of standards controlling the technique's operation;

(5) whether the method is generaly accepted;

(6) the rationship of the technique to methods which have been established to be reliable;

(7) the qudifications of the expert witness testifying based on the methodology; and

(8) the non- judicid usesto which the method has been put.”
Paodli 11, at 742 n.8; see also Elcock v. Kmart Corp., 233 F.3d 734, 745-46 (3d Cir. 2000); Oddi v.

Ford Motor Co., 234 F.3d at 145. The Paoli Il court also stated that the expert’ s testimony must aso

“fit’, that is, it must assist the trier of fact. Id. a 743. “Admissibility thus depends in part upon “the
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proffered connectionbetweenthe scientific research or test result to be presented and particular disputed
factud issuesinthecase” Id.

The test of admisshility is not whether a particular scientific opinion has the best foundation or
whether it is demongtrably correct. Oddi, 234 F.3d at 145-46. Instead, thetest iswhether the® particular
opinionis based onvdid reasoning and relidble methodology.” 1d. (quotingKannankeril v. Terminix Int’|
Inc., 128 F.3d 802, 806 (3d Cir.1997)). “The andysis of the conclusons themsdvesisfor thetrier of fact
when the expert is subjected to cross-examination.” I1d. Lastly, athough *conclusions and methodology
are not entirdy distinct from one another,” the court “must examine the expert's conclusons in order to
determine whether they could reliably flow fromthe facts known to the expert and the methodol ogy used.”
.

B. Application of the Daubert/Paoli 11 factors™

Applying the factorsarticulated by the Supreme Court in Daubert and by the Third Circuit in Paoli
Il to the evidence adduced during the evidentiary hearing, the court finds that the expert testimony
concerning DNA andyss should be admitted, rather than excluded.

In addition, turning to a threshold issue, the court finds that the Cofiler and Profiler materids kits

“The court will not address the first factor, whether the methodology at issue has atestable
hypothes's, or the seventh factor, concerning the qualifications of the expert witnesses. The
parties do not dispute that the hypotheses behind the methodologies at issue in this case can be tested.
The hypothesis of PCR/STR DNA typing isthat with proper procedures an expert can determine the
dldic types of given DNA samples a the thirteen core STR loci. The gatistica methodology in this
caseis premised on the hypothesis that, given a DNA profile at thirteen core loci, an andyst can
determine the random match frequency of that profile in various mgor population groups.

Asto the quaification of the experts, the court has dready accepted Dr. Budowle, Dr.
Chakraborty, and Dr. Shidds as experts. The court deferred a determination of Mr. Shea's
qudifications to testify as an expert until thetime of trid. See Tr. at AS9.
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do not represent a separate part of the typing process, but rather, smply contain materias for beginning
the PCR process. See Peoplev. Schreck, 22 P.3d 68, 81 (Colo. 2001). Therefore, the court concludes
that “ questions as to the reigbility of the particular type of multiplex kit go tot he weight of the evidence,
rather than its admissbility.” Id. (reverang lower court’s decison to treat Cofiler and Profiler Plus
materids kits as separate stages of the typing process that dso had to meet Daubert’s standards of
admisshility). Thus, the court will first briefly discuss the Daubert/Peoli |1 factors as they relate to
PCR/STR typing.*2 The court will then turn to the defendant’ s specific challenges.

1 Whether the Theory or Technique Has Been Subject to Review?

The PCR/STR typing used inthis case has been the subject of numerous published articles. At the
outset, the court notes that the PCR process of amplifying rdaively smdl samples of DNA into an
andyzable quantity has received widespread acceptanceincourts. Seee.g., United Satesv. Wright, 215
F.3d 1020, 1027 (9thCir. 2000); United Statesv. Beadey, 102 F.3d at 1447; United Statesv. Gaines,
979 F. Supp. at 1433 at n.4 and 1435; United States v. Shea, 957 F. Supp. at 345.

Althoughthe PCRamplificationprocesshas beenwiddy accepted incourts, the defendant accuses
the government of trying to “lump STRs and PCRs together as having been accepted by the Courts.” In
effect, the defendant charges the government with trying to “bootstrap old precedent into a legd
endorsement of the vdidity of the new test.” Despite the defendant’ s contentions, the court finds other
courts acceptance of the PCR amplification process to be relevant in deciding if the method used in this

case is rdidble. Moreover, the government has not lumped together PCRs and STRs, but rather, has

2The court dso finds that statistical methodology used in this case meets the requirements of
Daubert/Peoli 1. See e.g., United Statesv. Gaines, 979 F. Supp. at 1441.
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demonstrated that both have been subgtantialy peer reviewed. Findly, the court notesthat the defendant’s
own expert agreed at the evidentiary hearing that as a general matter, PCR methodology has been
aufficently vdidated in the scientific literature. See Tr. at D14.

Regarding the thirteen STR loci usad in this case, the government has offered sufficient evidence
edablishing that the use of the PCR process to anplify STR regions has also been subjected to peer
review. “The aundance of literature available on the use of STRsfor forenac DNA typing shows thet it
has become an established technology worthy of being used as court evidence” See Tr. at A112t0 113
(referring to a peer reviewed aticle in sdentific journa, Nucleic Acids Research). In addition, the
government submitted evidencethat there are morethan1000 articlesonthe subject. Tr.at A111. Findly,
the government also demonstrated that the thirteen STR loci used in this case have undergone extensve
scrutiny because they were chosen after a series of tests done by a consortium of twenty-one laboratories.
See Tr. at A91-93.

Given the testimony presented at the hearing, the court finds that the use of the PCR process to
amplify the thirteen STR loci used in this case has been subjected to sufficiently vigorous peer review that
it was likely that “ subgtantive flawsin[the] methodology” have beendetected. See Daubert, 509 U.S. at
594.

2. Known or Potentia Error Rete

The tesimony at the hearing indicated that the FBI’s method of performing PCR/STR andysisis
designed to produce consistently responsible resultswithin established measurement error conditions. Tr.
at A158. TheFBI protocal for performing PCR/STR anayss has been designed to diminate any potentiad

technologica errors and establish an acceptable range of measurement error.
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Tr. a B78. The FBI methodology has been developed to result in a zero error rate within acceptable
measurement error conditions (error being understood as yielding an incorrect result), if the methodology
isfollowed and properly cdibrated insrumentsare used. Tr. a B131.

3. Standards Controlling Technique' s Operation

The FBI mantains an extensve protocol for the performance of the PCR/STR process, which
provides guidance to the forensic examiners and biologists on each step of the process. Specificaly, the
protocol provides a procedure for performing each stage of the amplification and typing process, from
extracting the samplesthrough the typing stage. The protocol was devel oped after researchand vdidation
studies by the FBI |aboratory research unit as well as after interna vaidation Sudies.

The FBI also maintains a Qudity Assurance manud, which provides a further layer of controls on
the operation of the PCR/STR technique. These controls include, but are not limited to: maintaining
separate rooms with dedicated equipment for pre and post amplification samples, using of gloves, masks
and pipettes and separating the extraction of the sample to be analyzed and the reference samples.

In light of these qudity control and quality assurance procedures, the court finds that there are
aufficient tandards controlling the operation of the PCR/STR typing technique.

4, Genera Acceptance

The court finds that PCR/STR profilingis generadly accepted by the rdevant scientific community.
The government presented testimony thet the technique is not only widely accepted in the United States,
but is also accepted internationdly. See Tr. at A126-27. Inits 1996 Report, the NRC 11 Committee
remarked that “it is not surprising that PCR-based typing iswiddy and increasingly used in forensc DNA
laboratories in this country and abroad.” NRC I, at 70.
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Thus, the court finds, based on the expert testimony, that PCR/STR typing is generdly accepted
within the scientific community of forensc gendticidts.

5. Reationship of Technique to Established Reliable Methods

The government presented testimony that other forms of DNA typing suchasRFLP/VNTR, DQ-
apha, and Polymarker, have al been previoudy vaidated asrdiable and have previoudy achieved generd
acceptance inthe saentific community. SeeTr. at A64. The government has demondtrated that the PCR
amplification of the thirteen STR loci is dmilar to these predecessor technologies. See Tr. at A63
(explaning that PCR principlesare the same regardl ess of the number of markerstested) and 82 (explaining
that the concept of usng STR andysis is no different fromthe concept of typing mixturesunder predecessor
methodologies). Because the PCR/STR method of typing is related to established rdiable methods, the
court finds that thisis yet another factor that weighsinfavor of afinding of reiability within the meaning of
Daubert.

6. Nonjudicia Usesto Which the Method Has Been Put

Hndly, the government has demongtrated that the typing at issue has been used outside of the
judicid context. For example, the PCR amplification processisused in such fieldsas medical research and
agriculture. See Tr. at A56. STRs have been used in paternity testing, tumor identification, and in the
identificationof humanremans frommassdisasters. SeeTr. at A127. Again, the court findsthat thisfactor
weighsin favor of admitting the expert’s testimony.

C. Defendant’s Challenges to Admissibility

The defendant challengesthe admissibility of the DNA evidence at issue insevera ways. Firg, the

defendant chalengesthe rdiability of the PCR amplification process daming that contamination may occur
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and the amplified product is only as good as the origind sample. The defendant dso contestswhether the
PCR/STR typing used in this case is as reliable with mixed samples. Second, the defendant suggests that
the FBI improperly influenced the devel opment of the Cofiler and Profiler Pluskits. Finaly, the defendant
chdlengeswhether boththe PCR/STR typing process and the statistical methods used inthiscase properly
account for error rates. The court will address these issuesin turn.
1. Generd Rdiability Challenges
a Contamination

The defendant maintains that the “primary concerns with the PCR segment of the process is that
contamination may often occur and that the amplified product isonly as good asthe origind sample” The
defendant supports this clam by citing to twenty-five published articles. In citing to these articles, the
defendant States that “[o]utside the forensic realm notice has been made of problems that have occurred
with PCR as a garting process.”*® While these problems may be true outside the forensics ream, the
government presented ample evidence at the hearing that the FBI protocol for PCR/STR andysis contains
subgtantiad controls and procedures for preventing contamination. Because there is evidence that the
government has taken steps to prevent contamination of the DNA sample, the court concludes that the
defendant’ svague, broad assertionthat samplesamplified by the PCR can become contaminated does not
warrant the excluson of the DNA evidence in this case.

b. Procedures Used in this Case

3None of these articles were presented, explained or offered into evidence by the defendant at
the evidentiary hearing. Moreover, the defendant’ s brief offers no explanation asto how these
materids relate to the issue presently before the court.
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The defendant aso characterizes the FBI’ s protocols as “watered down.”  The defendant further
dlegesthat the FBI examiner in this case, Brendan Shea, was “not required to note whether he followed
the [FBI’ 5] protocol nor the amount actually used for future examination.” As the court has aready
described, the FBI has established that it has protocols and qudlity assurance controls in place to assure
that its methods are sufficiently rdiable. The defendant is not chalenging the soundness of the methods of
the FBI’ s protocols, but rather the concdlusonsthat are drawn. See Daubert, at 589. Thus, the court finds
that the chalenges that the defendant makes to the procedures used in this case are more relevant to the
weight of the evidence and not its admissibility.

C. Alleged Inherent Haws in the System

Thedefendant contendsthat inherent flawsinthe syslemmay render unrdiablethe PCR/STR typing
done with the Cofiler and Profiler Plus materids kits in combination with Genoscan and Genotyper
software. Specificdly, the defendant points to the “concepts of dldic drop out, stutter, and differentid
amplification and problems that may have to “be explained awvay through numbers set by laboratories to
obtain aprofile™* The defendant dso argues that the government has not established that the PCR/STR
typing used in this case is as rdiable with amixed sample of DNA asit iswith asngle source of DNA.
The government presented evidence that its laboratories have protocols in place in order to control for
these types of inherent flaws. Specifically, Dr. Budowle testified that laboratories set interpretation

thresholds bel ow whichthe laboratory will not interpret apeak asandlde. SeeTr. at B143. Dr. Budowle

1A sthe court has explained, the rate at which the different DNA fragments move through the
gd is converted into a pattern of peaks to be read by an andyst for interpretation. The concepts of
dutter, dldic dropout and differentid amplification dl relate to whether a peek is able to be interpreted.
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further explained that as a result of an empiricd study, the interpretation thresholds set by the FBI are
designed to prevent these types of known inherent flaws from causing errorsininterpreting a profile. See
id. at B143-45. Inlight of the controlsto reduce the effects of inherent flaws such as stutter or dlelic drop
out, the court finds that the defendant’ s chalenges are directed to the weight of the evidence and not its
admissibility.
2. Clam that the FBI Improperly Influenced the Development of the Materids Kits
The defendant suggeststhat the court cannot assess whether the Cofiler and Profiler Plus materids
kits used in this case have been widdy accepted because the FBI somehow improperly controlled the
DNA typingindustry by forcing Perkin Elmer Biosystems (the maker of the kits) to manufacturethe Profiler
Flus and Cofiler materids kits“conastent withthe FBI’ swishes.” Furthermore, the defendant accusesthe
government’s expert, Dr. Budowle, of trying to “force the industry into his methods,” and says that his
influence caused a“lack of real checksonthe FBI product.” The court is not persuaded by this argument.
As the government correctly asserts, the record does not support this contention. Moreover, thischarge
is not evidence which would show that the materids kits used in this case are unrdiable. Ingteed, if the
defendant seeks to question the FBI’ s rdaionship to the kits used in this case, this argument would be
better made in chalenging the weight of the evidence before the jury.
3. Error Rate Chalenges
a Error Rate in the Laboratory
The defendant accuses the government of daming that thair methodology createsazero error rate
within acceptable measurement conditions. According to the defendant, such aclam isillogicd. The

defendant aso charges the government with attempting to avoid the issue of error rate by not responding
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to the problems generated by PCR based testing by claiming that * one should assume that the machinery
works correctly dl the time and that human error does not exist because everyone followsthe protocols.”
As the government points out in itsreply, its experts did not deny the potential for measurement
errors. However, the FBI has determined an acceptable range of measurement error for its PCR/ISTR
typing methodology. Thus, if the methodology is followed and properly calibrated instruments are used,
the error rate for the methodology is zero. Error isunderstood in this context as an incorrect result. This
does not mean that errors do not occur, but rather that the FBI has conducted studies and has attempted
to control for typica errors.
The court also finds persuasive the conclusons drawn by the NRC 11 concerning laboratory error
rates.
It isdifficult to arrive at a meaningful and accurate estimate of therisk of such laboratory errors.
For one thing, in this rgpidly evolving technology, it is the current practice and not the past record
of a laboratory that is relevant, and that necessarily means smaler numbers and consequent
datigticad uncertainty. For another, the number of proficiency tests required to give an accurate
edimate of alow error rate (and it must be low to be acceptable) is enormous and would be
outlandishly expensive and disruptive. Webdlievethat such effortswould be badly misplaced and
would use resources that could much better be used in other ways, such as improving laboratory
standards. No amount of attention to detail, auditing, and proficiency testing can completely
eiminate the risk of error.
NRC I, at 24-25.
In light of the evidence that the FBI attempts to control for |aboratory error, the court finds the
defendant’ s chalenge to be unpersuasive.
b. Error Rate in Statistical Methodology

“The defense maintains the position that the DNA evidence is inadmissible because there are no

sientificaly vaid statistica methods that address both the probability of a coincidental match betweentwo
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people who share common genetic characteristics and the probability that a match would mistakenly be
reported due to laboratory error.” The defendant aso assertsthat the “ Sate of scienceisnot such that this
issueisamatter of weight."*®

The court doesnot agree. In making its determination, the court finds the conclusions announced
inthe 1996 NRC |1 to be persuasive: “[W]ebdievethat acaculation that combines error rateswith match
probabilitiesisinappropriate.” NRC 1, a 87. Moreover, the defendant’ sown expert, Dr. Shields, does
not believe that both the probability of amatchand the probability of error should beincluded as a part of
alikdihood ratio andyss. Rather, Dr. Shidds sated that “thereismoreinformation if you providethetwo
estimates separatdly, and then somebody who is listening can make a decison on their own about what it
means.” Tr. a C167. Asthecourt hasdready explained, Rule 702 does not require consensus, only valid

methodology. Thus, contrary to the defendant’s assertion, the court finds that this challenge is more an

5The defendant also chalenges the use of the product rule (which involves multiplication of
dldic frequencies) and the “relevance of smdl unrepresentative databases.”

The court acknowledges that there has been debate about the use of the product rule, see
United Sates v. Shea, 957 F. Supp. at 341, however, Rule 702 does not require consensus, seeid.
at 343. Asthe government correctly points out, the 1996 NRC |l effectively ended much of this
debate. NRC |1 at 122 (recommending that the calculation of profile frequencies be made with the
product rule and discussing ways to account in a conservative way for likely negative systematic
effects). Moreover, the government has directed the court’ s attention to cases which find that the use
of the product ruleis sufficiently religble to be admissble under Daubert. See e.g., United States v.
Gaines, 979 F. Supp. a 1441; United States v. Shea, 957 F. Supp. at 342-43.

Concerning the size of the population databases used by the FBI to caculate random match
frequencies, the government presented evidence that these databases are based on convenience
samples drawn from various sources, including paternity test laboratories. These databases contain
more than agaidicdly sufficient number of samplesto permit the cdculations of vdid dldic
frequencies. Moreover, the FBI has published up to forty-one of these databases with the underlying
raw data aso being available to the public.

Inlight of this evidence, the court finds that these types of arguments relae to the weight of the
evidence and not whether the gtatistical methodology isvdid.
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issue of weight and not an issue of admissibility.

IV. CONCLUSION
For the foregoing reasons, the court finds that the expert testimony concerning DNA evidence
meetsthe requirements of Rule 702 of the Federal Rulesof Civil Procedure. Therefore, the court will deny

the defendant’ s motion. The court will issue an order to this effect in conjunction with its opinion.
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ORDER
For the reasons stated in the court’'s memorandum opinion of thisdate, IT ISHEREBY
ORDERED that the Motion to Exclude Expert Testimony on DNA Andysis (D.1. 74) filed by the

defendant, John Wdter Traais DENIED.

Date September 17, 2001 Gregory M. Segt
UNITED STATESDISTRICT JUDGE




