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DUE DILIGENCE IN A DNA CASE
Edward J. Ungvarsky, July 3, 2006

Read Champion articles. Learn as much as you can in advance (esp. basic vocabulary).

Get all the files.

a. Determine what kind of DNA testing was conducted (mitochondrial or nuclear).
b. Send DNA discovery letter.

Review all the files.

a. Keep a set of all pages in file in order it was given (bate-stamp).

b. Consult with more DNA-experienced attorney to identify files and to identify

what might be missing.

Get the raw data (information contained on CD-ROM)
a. Make a copy of cd-rom; never work on original.

Send copy of CD-ROM and paperwork to expert for independent consultation.
Review all the files again and view all the evidence.
a. Look for inconsistencies, typos, and indications of third parties in the findings.

b. Read the analyst’s notes — all the notes.

Compare what the lab did with their standard operating procedures and what has been
scientifically validated.

Consult with more DNA-experienced attorney regarding what the lab has done in other

cases (consistent or inconsistent) and what do other labs do (check the Government experts
CV for “puffery” and lies).

9.

Interview the analyst.

10. After completing steps 1-9, assess significance of DNA evidence.

a. Motion to Exclude?
b. Independent DNA testing (do it at all? of what? which lab?)?
c. Trial strategy (theory; cross; defense expert)?



IDENTIFYING, LOCATING AND PREPARING EXPERTS

The following is an attempt to summarize suggestions about how to best locate
and make effective use of experts. Much of this information was taken from an outline that Julia
Leighton (Public Defender Service in Washington D.C.) and I prepared for a clinic in which we
prepared experts to testify and attempted to educate experts about how to effectively work with
criminal defense lawyers. This summary is not comprehensive and may not apply to all
situations. It is intended to be used as a guide primarily for cases in which the expert will be the
focus of the defense, but the suggestions are useful in any case in which you will call an expert to
testify. Discovery-related issues and concerns regarding what to give your expert or what not to
give your expert are beyond the scope of this article. This guide may also help you prepare to
cross-examine a prosecution expert. Much of the content of this article comes from lessons
learned through mistakes I have made.

The goal is to present effective expert testimony: testimony from an unbiased
expert with specific expertise in the relevant subject. Expertise is demonstrated, in part, by an
ability to talk knowledgeably about the research and the literature. Such an expert has not
changed positions on the basis of the questions asked or the case, but only upon new research or
further developments in the field.

I. Locating the Appropriate Expert

We have many resources available to us in this office. [ maintain a list of experts
that is always expanding and being updated. I also try to keep relevant information about
experts that has been provided to me by lawyers in the office. There are also many other
experienced, knowledgeable lawyers who have worked with numerous experts during their
careers in the office. The PDNET, is a good place to go to seek information from the lawyers in
our office. The internet is another good place to locate experts. However, keep in mind that the
internet is a starting place. If you identify an expert from a search on the net, you should fully
research the expert you locate. This includes “googling” the expert, running his or her name
through LEXIS or WESTLAW to see if the expert is mentioned in any published decisions, or
perhaps checking “Verdicts and Settlements” on Lexis to get names of lawyers who have used
the expert. Finally, we are extremely lucky to live in Los Angeles, a city with a large number of
universities, which are wonderful sources for experts.

I1. Where to Begin Once You Have Located an Expert

I suggest that the first thing you do is obtain a CV (curriculum vitae) from the
expert. Then you will need to vet the CV. What do I mean? Check out the expert's web page to
see if it has any inappropriate material on it. Attempt to determine whether the expert has any
past criminal convictions. Assess the expert's receipt of funding from the defense versus
prosecution, business interests, academic appointments and grant sources. Assess the expert's
objectivity as demonstrated by attendance at defense versus prosecution conferences, and
. assess the expert's organizational, academic and personal affiliations - defense versus
prosecution. Finally, be prepared to discuss any problem areas with the expert when you meet



him/her.

Why take the above steps? In a courtroom, the relevant issue for a judge and for
jurors is as much about bias as it is about science, and as much about appearance as it is about
science. In a courtroom, it is all about credibility - which side is deemed more credible, which
side is to be believed, which expert's testimony should be credited. Jurors and judges may not
understand the science, but in a courtroom, they are the sole determiners of who to believe and
who to credit. Any fact that tends to show that an expert might have a bias in favor of one view
or one side is admissible evidence. In other words, the expert's past fee arrangements, business
interests and organizational affiliations are potentially fair game for cross-examination. Expert
witnesses are often viewed with skepticism by judges and juries. The perception that an expert
witnesses' testimony may be purchased is a prevalent attitude among lay jurors. Keep in mind
that an expert can be discredited during his or her testimony if opposing counsel (1) can expose
an apparent bias by the expert for one side, (2) can expose a lack of expertise in a specific area,
and/or (3) can expose unexplained or unexplainable changes in the expert's opinion over time.

I11. Meet With the Expert

Before even considering having an expert appointed, meet with him/her in person.
It is important to meet with the expert to be able to see what the expert looks like and how the
expert relates to you. Most experts will be happy to give you 30-45 minutes of their time. This
will give you an opportunity to see the expert and also to get an idea about what the expert thinks
about your issue. Finally, you will be able to ask the expert if he/she has any “baggage” about
which you should be aware. This should be done in every case and as delicately as possible.

IV. Preparing an Expert to Testify

Before calling an expert to testify, it is important to collect and review all relevant
articles, book chapters, letters, abstracts and publicly-presented PowerPoints written by the
expert, and to categorize them by field. Assess the expert's education, categorize it by field and
ask the expert how many times he/she has been qualified in the area of expertise relevant to your
case. Review the expert's CV for areas of expertise and gaps in expertise. Talk with the expert
about the areas in which you want to qualify him/her as an expert, and ask him/her the types of
questions that will be asked on voir dire by the opposing lawyer, if permitted.

You should review all the expert's articles related to the opinion he/she will
render. Review prior transcripts related to the opinion to be rendered. Review all prior affidavits
related to the opinion. Talk with the expert about the basis of his/her opinion. What data,
scientific articles and/or scientific research supports the expert's view? Talk with the expert
about which articles and what research contradicts his/her opinion. Why don’t those articles or
research affect his/her opinion?

It is important to only attempt to qualify the expert in areas in which he/she is
“expert.” A psychologist, John Briere, suggests: “Remember the acronym HELP which stands
for honesty, evenhandedness, limit expertise and preparation.” In order to effectively prepare



your expert to testify, you will need to know who will testify for the prosecution and who else
you will call as an expert. Make sure to inform the expert of the areas that you will ask of the
other experts.

There are a number of tasks the expert must do before he/she testifies.
The expert should develop an opinion based on science - i.e. on research in the field of study and
the views of credible peer-reviewed work by (and conversations with) others. The expert must
know the literature and know what he/she has said in the past (the exact wording) regarding the
relevant subject matter. If the expert’s views have changed, the expert should tell you this and be
prepared to explain the basis for the change in his/her opinion.

Any opinion should be grounded in good science. Good science should be
published in the peer-reviewed literature and should be supported by other scientists. Very few
experts are of sufficient reputation to be an "expert of one." Experts must know the literature and
the research and be able to back up their opinions with those of other respected scientists,
particularly those who all scientists would agree are world-renowned in the topic at issue.

Lawyers should explain and discuss the following with all experts regardless of
their experience in testifying: The expert must know whether his/her involvement in the case is
confidential, with whom the expert may discuss involvement in the case, issues relating to the
case and what the expert's response should be if he/she receives a communication from anyone
about the case. An expert may not present information pertaining to a particular case, even if the
case is not specifically identified, at a meeting, in publications, to the media or on email
listserves without explicit permission from the attorney. The lawyer should be prepared to
answer the following questions: Can the expert communicate with the lawyer via email or in
writing while working on this case? Should the expert prepare any reports, make notations?
What materials can the expert rely on while testifying (notes, reports, etc.)? What materials
should the expert bring to court? The expert should be informed that information should never
be disclosed by him/her to the other side. The exchange of information should always be done
by the lawyers. The expert should also be advised that before creating any documents, the expert
should confer with the lawyer to ensure that such documents accurately and completely reflect
the expert's opinion. (See “Nuts and Bolts” by Terri Towery in the August issue of the PDQ for a
more detailed discussion of issues regarding “draft reports™.)

You should explain and discuss with the expert the background, experience and
practice of the particular judge hearing the case, the background, experience and practice of the
prosecutor, and the make-up and sensibilities of the jurors.

You should explain leading versus direct questions and how to respond when
objections are raised. You should also discuss how to respond if the questioner cuts the expert’s
answer off, and how to respond if the questioner does not permit the expert to explain an answer.
Finally, you should have a discussion with your expert regarding attire, demeanor and the use of
humor in the courtroom. While there are some occasions where humor may be appropriate, the
expert must recognize that, in general, the court is not a place for humor, informal language or
off-handed remarks.



Effective preparation takes time. Both the lawyer and the expert must plan
accordingly. Assess how much time it will take the expert to complete his/her review of the
information. Add several hours that will allow you to discuss the issues in the case with the
expert. Add several more hours to go over the anticipated direct examination and to discuss
likely lines of cross-examination. Be sure that the initial court order for appointment realistically
anticipates this time. Obtain supplemental funds as needed and make sure that your experts does
not exceed the funds provided by the orders. Be sure to assist your expert with billing and
payment through PACE management. This will help assure that the expert will be willing to
help you or another member of the office on a future case.



Reasonable Doubt in the Age of CSI: Experts and Science in the Courtroom
Edward J. Ungvarsky1

The nature of criminal defense practice is changing. Prosecutors are presenting ever-
increasing amounts and types of scientific evidence in the courtroom. A reluctance to
deal with such evidence is understandable. Few defense lawyers went to law school to be
scientists. Most prefer to practice that which is comfortable, such as more traditional
challenges to the perceptions and biases of civilian and police officer witnesses.

Nonetheless, scientific evidence exists, and, as a committed defense attorney, you must
be prepared to confront it. When you hear the prosecutor say that the crime laboratory
identified your client’s DNA on the scene, you may recoil at having to deal with the
science, with the word “plea” flashing through your mind. Yet, because the last thing
anyone wants is to become a “plea lawyer,” it is time to regroup. It is time to evaluate
the scientific evidence with the same inquisitive and skeptical nature applied to all other
evidence.

This article is intended to provide assistance in how to evaluate and challenge such
evidence. The article discusses how to approach (A) the case where the prosecution fails
to present scientific evidence and (B) the case where the prosecution presents scientific
evidence that must be explained before the jury.

A. Reasonable Doubt Includes the Absence of Scientific Evidence

To start, it is important to observe that there are allies in the evaluation of scientific
evidence: those twelve ordinary citizens sitting in the jury box who, like you, are
questioning the prosecution’s evidence, and, as is key here, the lack of evidence, thus
holding the prosecution to its constitutional burden.

The fact that jurors now expect scientific evidence in criminal cases provides the defense
a powerful tool.> When prosecutors fail to bring forward such evidence, you can argue
that the failure to obtain and present such evidence undermines the prosecution’s proof
and provides a reason to doubt. Reminding the jury that it is the prosecution’s heavy
burden to prove its case beyond reasonable doubt, and that the absence of evidence
indicates that it has not met its burden can be a powerful argument in a case based on
circumstantial or testimonial evidence. In fact, these simple but compelling arguments
are succeeding in courtrooms across the country.’

Not surprisingly, prosecutors are grumbling that they are not getting convictions where,
in their opinions, the defendants are clearly guilty. They complain to the press that they
should not be expected to bring forward all possible evidence, just the evidence they
believe necessary to prove their case. They complain about the “CSI Effect,” saying that
jurors are holding them to a standard of science fiction, not demonstrable scientific facts.



Do not buy into this claim. Nobody is arguing science fiction: In weapons cases,
fingerprints and DNA can be obtained from the handle of a gun. In vehicular homicide
cases, the speed of the automobile can be estimated by skid and other tire markings. In
drug cases, the precise chemical concentration of the residue on the crack pipe found in
the client’s jacket can be calculated and contrasted with the concentration of the rocks of
cocaine found ten feet away from the client who is a user not a dealer.

Prosecutors cannot be allowed to turn the legitimate “CSI Effect” — jurors’ proper
awareness that law enforcement has scientific tools at its disposal and has elected not to
present such evidence to the jury — into a prosecutorial argument that low expectations
should be enough to meet constitutional requirements.

In making this claim, you need to be wary of an inclination in which judges side with the
prosecution and erroneously limit questioning and summations. Judges sometimes
incorrectly view such absence-of-evidence arguments as premised in supposition or as
improper “missing evidence” arguments. You should correct such misunderstandings by
explaining that you are not asking the jurors to draw an adverse inference from the
absence of evidence equally available to both sides but rather are asking the jurors to hold
the prosecution to its burden to prove its case beyond reasonable doubt, including
providing i)hysical and scientific evidence that corroborates the testimony of its
witnesses.

To make this claim effectively, you also must know the available forensic science. For
example, if your client is charged with a shooting and is arrested shortly after the event
without possession of a handgun, you need to know about the availability and
effectiveness of gunpowder residue testing. With this knowledge, you can cross-examine
the he arresting officer on the facts that such testing is available and was not used, and
then argue that the absence of that evidence weakens the prosecution’s case during
summation. Here, the laboratory’s own manuals, outlining their own best practices, can
be powerful tools, with which you highlight to the jury that the prosecution’s failure to
comply with its own policies significantly weakens its case. Arguments about the
absence of scientific evidence require as much preparation as arguments about the
meaning of the results of scientific testing that was done. Therefore, from first
assignment, think about the types of forensic evidence that might apply in your case and
prepare to confront such evidence or argue its absence.

B. Challenges to Expert Witnesses at Trial

Prosecutors’ more genuine response to the “CSI Effect” is reflected by their efforts to
obtain scientific and forensic evidence with far greater frequency than even five years
ago. This is where the instinct to flee science runs up against the passion for trial. The
challenge becomes how we prepare yourself for a trial where scientific evidence is
central to the case.

1. The Standard of Admissibility



The first step is to know the law of admissibility of scientific evidence. In interpreting
Texas Rule of Criminal Procedure 702, Texas essentially has adopted the Daubert® test
for determining the admissibility of scientific and other expert testimony.6 The trial court
acts as the gatekeeper to ensure that the proposed evidence is reliable and that the
proposed expert is qualified to render an opinion. In making its reliability determination,
the court considers a wide variety of factors.’

2. Discovery

The second step is to obtain full and complete discovery. Typically, the prosecutor only
discloses a one or two page report, providing the expert’s ultimate opinion and
conclusion. This report is not full disclosure. Just as cross-examination of an eyewitness
is ineffective without access to a witness’ prior statements to the police and the grand
jury, so too a competent cross-examination of an expert witness requires access to all his
or her notes and reports. You must obtain every single note, recording, photograph, and
computer file related to the expert’s work on the case. This includes but is not limited to
all correspondence between the expert and the prosecutor or the lead detective. Ifitisa
DNA case, you also need the electronic data from the running of the software, typically
handed over in CD-Rom form. You would not cross-examine about an out-of-court
photographic identification procedure without copies of the photographs and some
understanding of how the procedure was conducted. Similarly, in a case involving DNA
or other forensic evidence, you need to know exactly how the expert conducted any
forensic analysis in your case.

It is not easy to obtain full discovery. Some prosecutors and experts are unaware of their
obligations and must be educated; others are simply unconcerned. Few, if any, have as
complete an understanding of criminal discovery as the Constitution and rules demand.
Do not be discouraged by their misunderstanding. Send carefully written, comprehensive
discovery letters, serve detailed subpoenas, and submit probing Freedom of Information
Act requests. Where compliance is lacking or limited, you should file timely motions to
compel discovery and to enforce the subpoenas, grounded in the law that provides your

~ right to the material. If your jurisdiction’s courthouse practice affords minimal
discovery, take advantage of the Houston Crime Lab scandal and other similar scandals
across the country8 and litigate for broader, fairer discovery.

3. Laboratory Manuals, Protocols, and Quality Control/Assurance
Procedures

Discovery is not limited to materials connected directly with the analysis of the evidence.
Whenever the prosecution presents evidence analyzed by a crime laboratory, obtain the
laboratory protocols governing the type of testing done. Immediately request this
information through discovery and by subpoena.

There are a number of benefits to this information. For one, use the manual to see if the
prosecution’s analyst followed the protocols, and, if not, cross-examine about the excuse
for the deviation. Pointing out that an expert failed to follow protocols in his or her own



manual is particularly effective. For example, in the first DNA case that I tried, we
established that the laboratory had ignored its protocols, with the result that the laboratory
inappropriately neglected to include the presence of a third-party perpetrator’s DNA on
the scene.

Additionally, not all laboratory procedures are comprehensive or even adequate. If you
compare your testing laboratory’s procedures to those at other laboratories, you can
demonstrate that the expert’s laboratory has low expectations and minimal guidelines,
which are hardly objective and scientific. Finally, because many experts have not read
beyond their own guidelines, reading the manuals teaches you the extent of the expert’s
knowledge, which you can contrast with what you learn from other, more comprehensive
sources, as discussed below.

4. Investigate the Expert

You must investigate the expert witness no less critically than you investigate a
cooperating informant. Credibility is as much the linchpin of an expert’s testimony as it
is of cooperators or jailhouse informants. If you undermine credibility, you have
demolished the opinion.

The first step in undermining the credibility of the expert is a careful reading and
investigation of the expert’s curriculum vitae, obtained as part of discovery. It is no
secret that experts exaggerate and outright lie about their experiences and qualifications.
Investigate every single line of the resume. Do not assume the truth of the
representations. Did the pathologist really receive that medical degree? What were the
expert’s grades? Did the expert really take that continuing education class and how
rigorous was it? Does the resume reflect the taking and passing of any proficiency tests?
Are there standards to join the expert’s impressive-sounding professional organizations or
do annual dues payment suffice? Irecently watched a trial where the defense lawyer had
two different sets of resumes for the same expert. The resumes were written several
years apart, and, as it turns out, the more recent one expanded a number of educational
claims reported in the earlier resume. When all was said and done, the expert admitted
that he had puffed, and his credibility was lost.

The more you know about an expert, the more you know how to approach him or her on
cross-examination. The public record is full of information about experts. Get
everything you can. Run a criminal records check. Run searches through Westlaw,
Lexis, and other databases. “Google” the expert. When has the expert testified before,
and what did he or she have to say? Perhaps the defense lawyers in such previous cases
can provide some intelligence. Ask around about the expert to anyone you think might
have useful information.

Experts are professional witnesses. You should seek to obtain transcripts of previous
testimony. Transcripts are the best kind of expert investigation because they provide a
preview of the expert’s opinion and alert you to previously undisclosed surprises. When
you obtain transcripts, you learn that the expert’s opinion may have changed from case to



case. Impeaching a witness about an expert’s change in an opinion goes a long way in
undercutting the credibility of the expert’s opinion. To a jury, science should not change,
and such impeachments indicate that the expert’s opinion is no more than a subjective
interpretation guided by his or her allegiance to the prosecutor and to the prosecutor’s
view of the facts. Think about laying the transcripts out on your table before starting
cross-examination for the expert to see. The mere threat of impeachment often leads to a
far more compliant witness, willing to provide that desired string of affirmative answers
in response to your questions.

5. Interview the Expert

In every single case you absolutely must interview the prosecution’s expert face-to-face.
You learn a wealth of information about the expert, the expert’s opinion, and the bases of
the opinion during that interview.

Do not worry about giving a preview of your case to the expert. You control the
interview, and you control what information about yourself and your case that you will
reveal to the expert. Further, do not worry if the expert refuses to meet with you.
Scientists are supposed to be objective and even-handed, and an unwillingness to explain
to you the analysis in advance of trial is fodder for effective bias cross-examination.

Treat the interview as a deposition, not as a preliminary cross-examination. The whole
point is to gather information about the expert — how he or she will come across before
your jury — and about the science. The interview is not a chance for you to show off how
smart you are. The interview should be done in a non-confrontational manner. Get the
expert to talk and keep him or her talking. The more the expert talks, the more you learn.
The interview should feel like a classroom in which the expert is the teacher and you are
the student. You get to show off what you have learned during cross-examination before
the jury, when it matters.

6. Investigate the Scientific Evidence

It is critical that you get out of your office and investigate the forensic evidence. Go to
the crime scene and view the physical evidence at the police property room. If the case
involves an autopsy and time of death is an issue, take a trip out to the medical
examiner’s office to see how and where the bodies are stored when brought into the
morgue. If the case involves the interview of a child complainant in a sex case, visit the
hospital or advocacy center where the interview took place. Observe the physical
environment and learn where the interviewer was sitting in relation to the complainant —
perhaps the physical circumstances affected that child during the interview.

You also must read all reports, statements, and expert’s notes with great care and
attention. Look for inconsistencies. Look for ways in which the expert’s opinion differs
over time and from other evidence. For example, blood pattern experts may opine about
the physical evidence at the crime scene in a way wildly inconsistent with how
eyewitnesses claim an assault occurred.



7. Investigate the Science

You need to know the science as well as, if not better than, the prosecution’s expert. You
must control the witness, and to do so, you must be prepared to exercise control. By
meeting with the expert, you will have learned everything that the expert knows about the
scientific evidence. But you must know more. The internet is a terrific resource to learn
about the different scientific disciplines. Use it as your first resource, and then follow up
by reading relevant articles and treatises.

Obtain copies of the leading treatises in the discipline. It is not hard to get an expert to
acknowledge on the witness stand a particular learned treatise as an authority. Upon
doing so, go the next step and show how the prosecution’s expert opinion conflicts with
that of the treatise. During deliberations, the jury will likely listen to you and follow the
admitted authority and reject the discredited testimony.

Besides reading as much as gou can, talk to other lawyers familiar with the science.
Attend forensic conferences’ and participate in forensic evidence listservs.'® Reach out
and identify other defense lawyers who have dealt with the subject. For instance, the
Forensic Evidence Committee of the National Association of Criminal Defense Lawyers
(NACDL) has experienced attorneys a telephone call away ready to help you. Local
attorneys in San Antonio and elsewhere in Texas serve the same role.

In response to the growing use of scientific evidence, NACDL and the National Legal
Aid and Defender Association (NLADA) have created a partnership to sponsor an online
Forensics Library -- an ongoing, comprehensive, national repository of defense-oriented
forensic science information. The NLADA-NACDL Forensics Library, at
www.nlada.org/Defender/forensics/, provides a forum for defense attorneys to share
many kinds of materials. Each area contains subfolders with weblinks, model pleadings,
research bibliographies and articles, expert transcripts and affidavits from defense and
prosecution witnesses, relevant court opinions, scientific standards or best practices, and
much more. It is a great place for preliminary research.!!

8. Retain a Defense Expert

As a general rule of thumb, if the prosecution has an expert working on an aspect of the
case, you should have your own independent expert as a consultant and, potentially, as a
testifying witness. Think creatively and consult with experts whenever you identify an
area of expertise that could inform the defense theory. Independent experts are
invaluable because they educate you about relevant scientific concepts, assist in
discovery requests, help you figure out what you need to find out from the prosecutor’s
expert pre-trial, assist in preparing your cross-examination of the prosecution’s expert,
present affidavits or testimony in admissibility challenges, and testify in the defense case.

The effective use of a defense expert merits an article of its own, but several points can
be made in this context. First, identify an expert by referrals from colleagues and your



investigation of professional associations, universities, web searches, and review of the
scientific literature. Second, be aware that your communications with your expert and
your expert’s notes are protected by attorney-client work product privilege only until you
decide that you will call the expert at trial, at which time all those notes are fair game for
disclosure. The best practice is to have separate experts for consulting and testifying
purposes. If you are going to use the same person in both roles, explain each role and
how you want the expert to memorialize his or her work. Finally, you should provide the
expert as much information as necessary to form an opinion and remember that you, not
the expert, are ultimately responsible for case strategy. Do not defer to your expert.

Conclusion

The “CSI Effect” creates both challenges and opportunities for defense lawyers. As
science increasingly enters the courtroom, we must become increasingly comfortable
with the science. Scientific evidence is no different than any other kind of evidence.
Investigation and preparation remain the key ingredients to effective and successful
representation of criminal defendants in cases involving such evidence.
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CHICAGO TRIB. (Oct. 21, 2004) (recounting problems with Virginia crime lab).

® For example, Forensic Bioinformatics, a private DNA consulting, is hosting its Fourth Annual
Conference, The Science of DNA Profiling: An Expert Forum, on August 12-14, 2005. See
http://www.bioforensics.com/conference05/index.html. PDSDC is sponsoring its Third Annual Forensic
Science Conference, a DNA Cross-Examination College, on September 17, 2005. See
http://www.pdsdc.org/Calendar/TrainingDetails.asp?id=19.

" NACDL and NLADA members should join the NACDL forensics listserv and eyewitness listserv. See
http://www.nacdl.org/listserv. Numerous local listservs also exist:

T Other useful websites include http://www.texasdefender.org/expert%20witness%20directory.htm,
http://www.corpus-delicti.com/forensic_fraud.html, http://www.bioforensics.com/kruglaw/,
http://www.scientific.org/, and http://www.ncstl.org.




DATABASE LIMITATIONS ON THE EVIDENTIARY VALUE OF
FORENSIC MITOCHONDRIAL DNA EVIDENCE

Frederika A. Kaestle, Ricky A. Kittles, Andrea L. Roth, & Edward J. Ungvarsky*

ABSTRACT: Mitochondrial DNA (mtDNA) typing is increasingly being offered
in criminal jury trials as proof that the defendant is a possible contributor of DNA
found at a crime scene. As a prerequisite to introducing such evidence, the
prosecution typically must estimate the frequency in the general population of the
mtDNA sequence found in the defendant and the crime scene so that jurors can
evaluate the probative value of the defendant’s inclusion as a potential contributor.
The government estimates sequence frequencies by comparing the observed
sequence to sequences listed in a racially categorized mtDNA database developed
and maintained by the Federal Bureau of Investigation and the Scientific Working
Group on DNA Evidence. While mtDNA evidence has significant potential as a law
enforcement tool, the SWGDAM database is currently too small and insufficiently
representative to provide meaningful estimates of sequence frequencies. Most
importantly, the database fails to account for historic and recent human migration
patterns that, because mtDNA is maternally inherited and not recombinant, have
resulted in significant regional differences in sequence frequencies. With further
sampling and study, large regional databases may prove to be an effective and
feasible improvement upon the current forensic database for the calculation of
meaningful frequency estimates. However, until such databases and meaningful
frequency estimates exist, mtDNA evidence is not yet ready for admission in
criminal cases to permit inferences that suspects left mtDNA at crime scenes.

INTRODUCTION

Although the public and the legal community are now familiar with nuclear
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DNA, first admitted as evidence in United States courts almost twenty years ago,’
nuclear DNA has a less famous counterpart found in the mitochondria of human
cells, known as mitochondrial DNA (“mtDNA”). In recent years, law enforcement
has increasingly used mtDNA evidence as a tool of both exclusion and inclusion of
individuals as suspects in criminal cases. Specifically, because mtDNA exists in
greater copy numbers per cell than nuclear DNA, mtDNA is becoming the primary
type of forensic evidence extracted and reported from hair shaft samples and
degraded DNA. A person may be excluded as a suspect if his mtDNA “profile,”
i.e., his mtDNA sequence in particular regions of his full mtDNA strand or
“genome,” differs from the profile of the crime scene sample. Such exclusion
evidence may be relevant both at the pretrial investigation stage — to prevent
wrongful accusation and conviction of innocent persons — and in post-conviction
proceedings, such as Innocence Project DNA exonerations, to correct wrongful
convictions. Use of mtDNA typing for exclusion purposes has been widely
embraced in the scientific and legal communities because it preserves law
enforcement resources by removing red herrings from investigations and focusing
attention on the true perpetrator(s).>

As a tool of inclusion, however, mtDNA typing is more controversial. In
criminal cases involving mtDNA, the prosecution typically reports that a defen-
dant is included as a suspect if his mtDNA profile is consistent with, or “matches,”>
the profile in a crime scene sample.* Most courts also require the prosecution to
present an estimate of this shared mtDNA profile’s frequency in the relevant
population,” on grounds that, without such an estimate, jurors cannot meaningfully
assess the probative value, if any, of the defendant’s inclusion as a potential

1. The first use of nuclear DNA in a criminal trial was in a Florida sexual assault trial in 1987. See NORAH
RuUDIN & KEITH INMAN, AN INTRODUCTION TO FORENSIC DNA EVIDENCE 186, 187 (2d ed. 2001) (discussing
Florida v. Andrews).

2. See, e.g., Max M. Houck & Bruce Budowle, Correlation of Microscopic and Mitochondrial DNA Hair
Comparisons, 47 J. FORENSIC Scl. 1, 4 (2002) (noting that mtDNA has been used to exclude suspects who were
originally included falsely based on microscopic hair analysis).

3. The term “match” in the context of forensic mtDNA typing is misleading because mtDNA is maternally
inherited and nonrecombinant and therefore is not a unique identifier. See discussion infra at 58-99.

4. See, e.g., DAVID L. FAIGMAN ET AL., 3 MODERN SCIENTIFIC EVIDENCE § 25-1.2.1 (2d ed. 2002) (listing
criminal cases admitting mtDNA evidence against defendant). The federal government is in the process of greatly
expanding its use of mtDNA typing in criminal cases. See The FBI Selects 4 Regional MtDNA Laboratories, 6
Forensic Sci. ComMm. (Jan. 2004), available at http://www.fbi.gov/hg/lab/fsc/backissu/jan2004/shortcomm/
2004_01_short02.htm (*“As laboratories become operational during the next two years, the effect will be to double
the FBIs capacity to deliver no-cost mtDNA analysis to the criminal justice system.”).

5. See, e.g., United States v. Porter, 618 A.2d 629, 640 (D.C. 1992) (“[1]t is the probability feature which is at
the very core of the DNA evidence.”); United States v. Cuff, 37 F. Supp. 2d 279, 282 (S.D.N.Y. 1999) (same). See
generally David H. Kaye & George F. Sensabaugh Jr., Reference Guide on DNA Evidence, in REFERENCE MANUAL
ON SCIENTIFIC EVIDENCE 545 (2d ed. 2000) (citing cases for proposition that “many courts have held that a DNA
match is inadmissible unless the expert attaches a scientifically valid number to the figure”); NATIONAL RESEARCH
CounciL, THE EVALUATION OF FORENsic DNA EVIDENCE 192 (1996) (discussing the statistical basis for
interpretation) [hereinafter NRC II (1996)]; NATIONAL RESEARCH COUNCIL, DNA TECHNOLOGY IN FORENSIC
SCIENCE 74-75 (1992) (discussing the meaning of “match”) [hereinafter NRC I (1992)].
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contributor. To estimate such frequencies, an analyst typically compares the
suspect’s mtDNA profile to a forensic reference database compiled and maintained
by the Scientific Working Group on DNA Evidence (“SWGDAM”), a group
sponsored by the Federal Bureau of Investigation (“FBI”).S In comparing a
suspect’s sequence to the SWGDAM database, the analyst counts the number of
times the sequence appears in various sub-databases organized by the self-reported
“race”” of the sample contributors, then uses this number to estimate the true
frequency of the sequence in each race-based population.® Because of the small
size of these databases and the diversity of mtDNA profiles,” this approach usually
yields zero “hits” in the database. Thus, the estimated frequency of the sequence
reported out is often less than 0.1%."° Such a low estimate is potent evidence in a
criminal jury trial because it suggests that a randomly selected individual has only
a 1 in 1000 chance of sharing the profile observed in the crime scene sample.

Of course, a frequency estimate is only as good as the statistical method used to
calculate it. If the method is invalid, such as if the database is not representative of
the relevant population, the resulting frequency estimates may be inaccurate and, if
so, will not give the jury a meaningful way to evaluate the probative value of the
reported inclusion. In turn, if the probative value is unknown or inaccurately
reported, most courts would rule that the evidence of inclusion is inadmissible
based on rules of relevance and novel scientific evidence. Thus, whether the
SWGDAM database is a valid tool to estimate mtDNA sequence frequencies is a
critical question courts should ask in determining whether to admit evidence of
mtDNA inclusions. Neither forensic scientists nor attorneys frequently present
these questions to courts in a considered way. This Article is an attempt to

6. See Bylaws of the Scientific Working Group on DNA Analysis Methods, 5 FORENsIC Sci. ComM. (Apr. 2003),
available at http://www.fbi.gov/hg/lab/fsc/backissu/april2003/swgdambylaws.htm (noting that FBI Director
charged SWGDAM with reviewing DNA laboratory protocols, sets terms of SWGDAM members, receives
SWGDAM recommendations, and provides SWGDAM with resources, including staff, travel and lodging
budget). The version of the SWGDAM database currently used in forensic testing was made public in 1999. See
Mark R. Wilson et al., Further Discussion of the Consistent Treatment of Length Variants in the Human
Mitochondrial DNA Control Region, 4 FORENSIC Scl. ComM. (Oct. 2002), available at http://www.fbi.gov/hg/lab/
fsc/backissu/oct2002/wilson.htm.

7. While the SWGDAM database classifies individuals by “race,” we believe that the more accurate
classification for mtDNA profiles is by ancestry and use that terminology in discussing classifications in genetic
lineages.

8. See Keith L. Monson et al., The MtDNA Population Database: An Integrated Software and Database
Resource for Forensic Comparison, 4 FORENSIC Scl. CoMM. (Apr. 2002), available at http://www.fbi.gov/hq/lab/
fsc/backissu/april2002/miller].htm (explaining database comparison method); FBI Laboratory DNA Unit II,
Mitochondrial DNA Sequencing Protocol § 11.4.1 (2004) [hereinafter FBI MtDNA Protocols (2004)] (explaining
counting method used by FBI when comparing profile to database). )

9. See discussion infra at 76-78.

10. Because the prosecution bases its frequency estimate solely on the number of “hits” in the database, the
number reported to the jury in any case involving a mtDNA sequence not observed in the SWGDAM database,
regardless of the geographical origin, ancestry, or other characteristic of the suspect, will be identical. See FBI
MtDNA Protocols, supra note 8, at § 11.4.4 (stating FBI reports 95% confidence interval around number of “hits”
in every case, without consideration of other variables, such as ancestry or geographical origin).
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encourage the legal and scientific communities to view these questions with a more
critical eye.

Part I of this Article briefly discusses the fundamentals of mtDNA biology and
forensic typing methods and how they differ significantly from nuclear DNA
biology and typing methods. Part II explains mtDNA’s forensic applications and
the particular methods used by the FBI to type mtDNA sequences and estimate
sequence frequencies using population databases.

Part III contends that reported mtDNA frequency estimates are currently
misleading because the SWGDAM database from which the estimates are calcu-
lated is neither representative of the general population nor of the various
sub-populations it professes to characterize. First, the SWGDAM database is an
incomplete, non-random, non-representative collection of mtDNA profiles com-
piled without regard to geographic patterns of genetic clustering that have resulted
from cultural, political, historical, and economic forces. Second, current reliance
in criminal cases on estimates derived from comparisons to the SWGDAM
database is misplaced given the poor quality control measures of the database and
the manner in which the assessment method is skewed toward reporting an
inclusion.

Part IV examines both the general principles governing the admissibility of
scientific evidence in most jurisdictions and courts’ treatment of mtDNA inclusion
evidence. Part IV argues that, because the estimation of profile frequencies using
the SWGDAM database is currently controversial and of questionable validity,
evidence of mtDNA inclusions does not yet meet most jurisdictions’ legal
standards for admissibility.

The Article concludes by prescribing various measures to improve the quality
and integrity of forensic mtDNA typing. It is the expectation of the authors that,
once mtDNA evidence is properly understood in its full scientific context, and
once statistically valid databases can place a true probative value on mtDNA
evidence, it will be reliable, highly relevant, and properly used in criminal
investigations and prosecutions. Today, however, the state of mtDNA evidence
presents an unacceptable risk of accusing or convicting the innocent based on
inaccurate and misleading scientific evidence.

1. THE Basics oF MTDNA TYPING AND How IT DIFFERS FROM NUCLEAR DNA
TyPING

A. Differences in the Biology of MtDNA and Nuclear DNA

Deoxyribonucleic acid (“DNA”) exists in every human cell and contains genetic
codes inherited from previous generations. Humans have two types of DNA:
nuclear DNA (“nDNA”) and mtDNA. The mtDNA genome is distinct from the
nDNA genome, and the two types of DNA differ in terms of their location within
the body, genome size, and genetic makeup. While nDNA is bundled within
chromosomes in the nucleus of most human cells, mtDNA exists outside the
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nucleus in energy-producing organelles called mitochondria. The mtDNA genome
is also much smaller than that of nuclear DNA; while the nuclear genome consists
of approximately three billion base pairs,'" the mtDNA genome contains approxi-
mately 16,569 base pairs.'? The mtDNA genome consists of two primary regions:
a coding region, which regulates the production of various biological molecules,
and a control region, which regulates replication of the mtDNA molecule itself."
The control region, approximately 1125 base pairs long,'* is the only significant
portion of the mtDNA strand that does not code for genes.'” In contrast, the nDNA
genome contains coding regions spread throughout the twenty-three chromosomes
that are known to have a genetic purpose, surrounded by regions of so-called
“junk” nDNA, for which scientists have yet to find a genetic purpose.

B. Differences in Forensic Typing of MtDNA and Nuclear DNA

To distinguish one individual’s DNA from that of another, forensic scientists
look to particular locations within non-coding regions of the nuclear and mtDNA
genomes that are highly variable among humans and therefore have discriminating
power. In nuclear DNA typing, scientists typically look to thirteen locations along
an individual’s nDNA strand identified by the FBI as particularly suitable for
forensic testing and used by the FBI to generate the profiles contained in its
Combined DNA Index System (CODIS). A person’s forensic nDNA “profile”
consists of the twenty-six alleles he exhibits at these thirteen “CODIS loci.”"®

To compare individuals’ mtDNA strands, most forensic scientists focus on two
regions within the mtDNA control region — “Hypervariable Region I’ (“HVTI”) and
“Hypervariable Region II” (“HVII”) — that together encompass approximately 610
base pairs and that exhibit high mutation rates and high amounts of variation from
person to person.'” A person’s mtDNA “profile” consists of a list of the differences
in HVI and HVII between that person’s sequence and a reference sequence called
the Cambridge Reference Sequence (“CRS”) or “Anderson sequence,” so named

11. Base pairs consist of pairs of nucleotides that are bound to each other across the double helix of DNA
(Adenine pairing with Thymine, Guanine pairing with Cytosine). The order of the base pairs encodes the genetic
instructions.

12. See JOHN M. BUTLER, FORENsIC DNA TYPING, 242 (2d ed. 2005).

13. Human Mitochondrial DNA — Amplification and Sequencing Standard Reference Materials 1-2, NAT'L
INST. OF STANDARDS AND TECH SPEC. PuB. No. 260-155 (Sept. 2003).

14. See Stephen Anderson et al., Sequence and Organization of the Human Mitochondrial Genome, 290
NATURE 457, 457-65 (1981); Mitchell M. Holland & Thomas J. Parsons, Mitochondrial DNA Sequence Analysis:
Validation and Use for Forensic Casework, 11 FORENSIC ScI. REV. 21, 24 (Feb. 1999).

15. Anderson et al., supra note 14, at 457, Thomas Parsons & Michael Coble, Increasing the Forensic
Discrimination of Mitochondrial DNA Testing Through Analysis of the Entire Mitochondrial DNA Genome, 42
CROATIAN MED. J. 304, 304 (2001).

16. See, e.g., Bruce Budowle et al., Genotype Profiles for Six Population Groups at the 13 CODIS Short
Tandem Repeat Core Loci and Other PCR-Based Loci, 1 FOReNsIC Sci. ComM. (July 1999), available at
http://www.fbi.gov/hg/lab/fsc/backissu/july 1999/budowle.htm.

17. Holland & Parsons, supra note 14, at 24.
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because the mtDNA genome of a particular individual, Stephen Anderson, was
completely sequenced in 1981 by biochemist Fredrick Sanger in Cambridge,
England.'®

Scientists have begun to sequence nucleotides other than those in HVI and HVII
in an effort to provide additional means of distinguishing different individuals’
mtDNA." They have focused, for instance, on a region referred to as “Hypervari-
able Region III” (“HVIII),*° also in the control region. In addition, even greater
discrimination may be possible by typing certain nucleotides in the coding region
called Single Nucleotide Polymorphisms (“SNPs”), single locations along the
mtDNA genome exhibiting hypervariability.”’ Most forensic analysts do not
currently type these additional locations along the mtDNA genome both because
they know little about the variation outside HVI and HVII and because of
convenience and cost concerns.?? Exceptions exist, however; the Armed Forces
DNA Identification Laboratory (“AFDIL”) is currently attempting to detect levels
of variation throughout the entire mtDNA genome for forensic purposes.”

MtDNA typing also differs significantly from nDNA typing because of the
manner in which mtDNA is inherited. A child inherits twenty-three chromosomes
from both of his parents; each set of chromosomes contains a full complement of
nDNA strands with 3.2 billion base pairs. Thus, at each location along the nDNA

18. Anderson et al., supra note 14, at 457; Richard M. Andrews et al., Reanalysis and Revision of the
Cambridge Reference Sequence for Human Mitochondrial DNA, 23 NATURE GENETICS 147 (Oct. 1999).

19. See, e.g., Carla Bini & Stefania Ceccardi et al., Different Informativeness of Three Hypervariable
Mitochondrial DNA Regions in the Population of Bologna (Italy), 135 FORENSIC ScI. INT’L 48 (2003); Sabine Lutz
& Holger Wittig et al., Is It Possible to Differentiate MtDNA By Means of HVIII In Samples That Cannot Be
Distinguished By Sequencing the HVI and HVII Regions?, 113 FORENSIC ScI. INT’L 97 (2000).

20. Lutz & Wittig, supra note 19, at 97.

21. See Michael D. Coble et al., Single Nucleotide Polymorphisms Over the Entire MtDNA Genome that
Increase the Power of Forensic Testing in Caucasians, 118 INT'L J. LEGAL MED. 137, 143-44 (2004) (discussing
typing of SNPs, including position 16519, which is outside of HVI and HVII and has greatest variability in entire
mtDNA genome); Luisa Pereira et al., Evaluating the Forensic Informativeness of MtDNA Haplogroup H
Sub-Typing on a Eurasian Scale, FORENSIC Scl. INT’L, available at http://www.sciencedirect.com (2005)
(discriminating otherwise identical haplotypes by sequencing eight coding region SNPs); Yong-Gang Yao et al.,
Phylogeographic Differentiation of Mitochondrial DNA in Han Chinese, 70 AM. J. HUM. GENETICS 635, 648
(2002) (noting that “[c]oding region information is indispensable for phylogenetic analysis of mtDNA”).

22. See Coble et al., supra note 21, at 143-44 (discussing how further typing of regions outside HVI and HVII
would require development of new databases and other costly and laborious efforts).

23. Parsons & Coble, supra note 15, at 305. See also Coble et al., supra note 21, at 137 (discussing the study
about sequencing entire mtDNA genome to increase forensic discrimination); Rebecca S. Just et al., Toward
Increased Utility of MtDNA in Forensic Identifications, 146S FORENSIC Scl. INT’L S147 (2004) (discussing
preliminary results of large-scale databasing project targeting populations underrepresented in current forensic
mtDNA databases); Thomas J. Parsons et al., Report for U.S. Dep’t of Justice, Office of Justice Programs,
Progress of Project 2000-1J-CX-K010, Homogeneous Fluorescent PCR Assays over the MtDNA Genome, up to
June 30, 2005, provided in response to OJP FOIA No. 05-00258 (on file with authors) (explaining that, from 2000
to 2005, AFDIL has sequenced hundreds of full mtDNA genomes in the African-American, Hispanic, and Central
Asian populations in an effort to better account for documented regional variation in mtDNA sequence
frequencies).
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strand, each individual has two genetic forms or “alleles” — one from each parent.**
Of course, the parents each have two alleles at each location as well; which one of
these two alleles each parent passes on is random. At each of the thirteen locations
along the human nDNA genome used in forensic testing, only a limited number of
possible alleles have been observed. As recombination occurs with each succes-
sive generation, different combinations of alleles are created over time. In contrast,
scientists generally believe that the human mtDNA genome is only passed on from
mother to child.*> Consequently, all biological children of one woman will, absent
mutations, have identical mtDNA profiles, and, going back generations, all
relatives within the maternal lineage, absent mutations, will share the same
mtDNA sequence.

While mtDNA’s lack of recombination makes mtDNA sequences relatively
static compared to nDNA, mtDNA exhibits a high rate of mutation between
generations. Some regions of mtDNA evolve at rates five to ten times faster than
single-copy nuclear genes.”® Consequently, while each member of a maternal line
should theoretically exhibit identical mtDNA profiles, the high mutation rate of
mtDNA means that the profiles of members of the same maternal line, particularly
over generations, may be slightly different.

Individuals are “homoplasmic” with respect to their nuclear DNA profile,
meaning that all nuclear DNA strands found in a person’s body contain the
identical genetic material and do not differ from cell to cell. As recently as ten
years ago, most scientists considered the vast majority of individuals to be
“homoplasmic” with respect to mtDNA as well.>” Scientists now understand,
however, that most, if not all, individuals are actually “heteroplasmic” with respect
to mtDNA, meaning that an individual’s mtDNA sequence can differ among

24. BUTLER, supra note 12, at 20.

25. See D. Andrew Merriweather & Frederika A. Kaestle, Mitochondrial Recombination? (Continued), 285
Sci. 835 (1999) (concluding mtDNA is maternally inherited and finding no evidence for mtDNA recombination in
humans). Other scientists have reported observations of “recombination” — mixing between maternal and paternal
mtDNA in offspring. See Adam Eyre-Walker, Noel Smith & John Maynard Smith, How Clonal Are Human
Mitochondria?, 266 PROC.: BIOLOGICAL Scl. 477 (1999). These observations are disputed. See, e.g., Joanna L.
Elson et al., Analysis of European MtDNAs for Recombination, 68 AM. J. HuM. GENETICS 145, 145 (2001)
(disagreeing with Eyre-Walker results and concluding “that there is no compelling reason to overturn the standard
paradigm of clonal mtDNA transmission in humans”); Peter Forster, To Err Is Human, 67 ANNALS OF HuM.
GENETICS 2 (2003) (same). There have been some observations of paternal inheritance, see Marianne Schwartz &
John Vissing, Paternal Inheritance of Mitochondrial DNA, 347 NEw ENGLAND J. OF MED. 576, 579 (Aug. 22,
2002) (observing paternal inheritance of pathogenic mtDNA), but the phenomenon of paternal inheritance is an
exception, if not a well understood one, to the general rule of maternal inheritance.

26. Bruce Budowle et al., Forensics and Mitochondrial DNA: Applications, Debates, and Foundations, 4 ANN.
REv. GENoMICS & HuMm. GENETICS 119, 121 (2003).

27. See id. at 128 (“A decade ago, most individuals were thought to be homoplasmic.”); Terry Melton,
Mitochondrial DNA Heteroplasmy, 16 FORENSIC Sci. REv. 1, 3 (Jan. 2004).
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locations in the body, or even within the same cell.?® Although heteroplasmy is
routinely observed, its causes are not fully known.>® The chance of detecting
heteroplasmy depends on the sequencing chemistry and techniques used.>* Some
body tissues, such as hairs, tend to show more variability in mtDNA sequence than
others.>'

Heteroplasmy and high mutation rates complicate forensic mtDNA analysis in
two respects. On the one hand, samples from a suspect and a crime scene may,
because of heteroplasmy, exhibit mtDNA sequence differences even when the two
are, in fact, from the same individual or lineage, thus leading to potentially false
exclusions. On the other hand, the suspect and crime scene samples may exhibit
sequence commonalities even when the two are, in fact, from different individuals.

One other important difference in the state of current nDNA and mtDNA typing
is the existence of population databases from which accurate frequency estimates
can be generated. Scientists have conducted many population studies to generate
population frequency estimates for nDNA and have reached some agreement that,
using modifications to account for population inter-relatedness, reliable frequency
estimates are possible.>® In stark contrast, the frequency and distribution of
mtDNA sequences in the population are not yet known. These population substruc-
ture issues with respect to mtDNA are the focus of nascent, but already quite
active, scholarship among genetic anthropologists and forensic scientists.>

What is known about the frequency of mtDNA profiles in the population
suggests that, unlike nuclear DNA, mtDNA profiles are far from randomly
distributed. Groups of people with similar mtDNA within a circumscribed range of
variation are called “haplogroups”; variation within a haplogroup divides people
into “haplotypes,” or particular mtDNA sequences. Researchers have named
haplogroups observed in certain populations, based on the presence of certain

28. Walter Bir et al., Guidelines for Mitochondrial DNA Typing, 79 Vox SANGUINIS 121, 122 (2000) (“{1]t is
now thought that all individuals are heteroplasmic at some level.”); Melton, supra note 27, at 2 (“[I]t is also
certain that some degree of heteroplasmy exists in all individuals.”).

29. See John Buckleton, Simon Walsh, & Sallyann Harbison, Nonautosomal Forensic Markers, in JOHN
BUCKLETON, CHRISTOPHER M. TRIGGS & SIMON J. WALSH, EDS., FORENSIC DNA EVIDENCE INTERPRETATION 303
(2005) (discussing various theories); Peter D’Eustachio, High Levels of Mitochondrial DNA Heteroplasmy in
Human Hairs by Budowle et al., 130 Forensic Scl. INT’L 63, 63 (2002) (“Major unresolved issues include the
molecular mechanisms responsible for the occurrence of heteroplasmy to different extents in different tissues, and
the possibility that heteroplasmy levels in an individual might vary with age.”).

30. Buckleton et al., supra note 29, at 304 (stating routine-sequencing methods cannot detect heteroplasmy
above sequencing background noise unless it approaches 20%).

31. Mark R. Wilson et al., A Family Exhibiting Heteroplasmy in the Human Mitochondrial DNA Control
Region Reveals Both Somatic Mosaicism and Pronounced Segregation of Mitotypes, 100 HuM. GENETICS 167,
167 (1997).

32. The NRC’s 1992 and 1996 reports on forensic DNA typing both contain lengthy discussions of population
substructure in the database used by the FBI to generate nDNA frequency tables and, using the product rule, a
“random match probability” over the thirteen locations used in forensic nDNA testing. NRC II (1996), supra note
5, at 122-23; NRC1(1992), supra note 5, at 74-77.

33. See discussion infra at I11.
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combinations of variations.** For example, ten mtDNA haplogroups have been
identified at significant frequencies in the European and U.S. European-American
sub-populations.

II. THE UsE oF FOrReNsiICc MTDNA TESTING AS A TooL OF INCLUSION IN CRIMINAL
TRrIALS

To be clear, mtDNA typing is used as a tool of identification in many fields
unrelated to inculpation of suspects in criminal trials. Because mtDNA is mater-
nally inherited and found in higher copy number than nDNA, mtDNA analysis is
particularly helpful in conducting population studies for medical,>® genealogical,?’
and anthropological purposes,®® and has been used by the military to identify
casualties of war and terrorism.>® For example, through mtDNA analysis, scien-
tists have been able to identify victim remains from the World Trade Center
tragedy, the Oklahoma City bombing, the Bosnian War, natural disasters, and plane
crashes.”® The demonstrated utility of mtDNA testing in these contexts stems

34. Marc W. Allard et al., Characterization of the Caucasian Haplogroups Present in the SWGDAM Forensic
M!DNA Dataset for 1771 Human Control Region Sequence, 47 J. FORENSIC Sci. 1215, 1219 (2002).

35. Id. See also Sarah A. Tishkoff et al., Genetic Analysis of African Populations: Human Evolution and
Complex Disease, 3 NATURE REVIEWS - GENETICS 611 (2002).

36. See, e.g., Douglas C. Wallace, Mitochondrial Disease in Man and Mouse, 283 Scl1. 1482, 1482 (1999).

37. See, e.g., Mark Shriver & Rick Kittles, Genetic Ancestry and the Search for Personalized Genetic
Histories, 5 NATURE REVIEWS - GENETICS 611, 611 (2004); Anne C. Stone, James E. Starrs, & Mark Stoneking,
Mitochondrial DNA Analysis of the Presumptive Remains of Jesse James, 46 J. FORENSIC Sc1. 173, 173 (2001)
(using mtDNA to determine if particular remains could be those of Jesse James); Lev A. Zhivotovsky,
Recognition of the Remains of Tsar Nicolas Il and His Family: A Case of Premature Identification?, 26 ANNALS
HuwMm. BIoLOGY 569, 569 (1999).

38. See, e.g., Rebecca L. Cann et al., Mitochondrial DNA and Human Evolution, 325 NATURE 31, 31 (1987);
Frederika A. Kaestle & K. Ann Horsburgh, Ancient DNA in Anthropology: Methods, Applications, and Ethics, 45
YEARBOOK OF PHYS. ANTHROP. 92 (2002); Frederika A. Kaestle & David Glen Smith, Ancient Mitochondrial DNA
Evidence for Prehistoric Population Movement: The Numic Expansion, 115 AM. J. PHYS. ANTHROP. 1-12 (2001)
(using ancient and modern mtDNA to test hypothesis that modern Native American inhabitants of Nevada are
recent arrivals who replaced previous inhabitants); Ripan S. Malhi et al., Patterns of MtDNA Diversity in
Northwestern North America, 76 HuM. BioLoGy 33, 33-34 (2004) (using ancient and modern mtDNA to show
significant migration from sub arctic and Pacific coast into Columbian Plateau region); Stéphanie Plaza et al.,
Insights into the Western Bantu Dispersal: MtDNA Lineage Analysis in Angola, 115 HuM. GENETICS 439 (2004)
(using mtDNA to clarify spread of Bantu populations throughout Africa and to trace movement of slaves into
Brazil from Angola).

39. The Armed Forces DNA Identification Laboratory engages in such identification procedures using mtDNA
testing for casualties from wartime and disasters. See AFDIL Mitochondrial DNA (MtDNA) Section, http://
www.afip.org/Departments/oafme/dna/afdil/mito.html (last visited Jan. 20, 2006).

40. See, e.g., Sarah Koenig, DNA Identification Is a Daunting Task (Sept. 20, 2001), http://www.baltimoresun.
com/news/custom/attack/bal-te.dna20sep20,1,242800.story?coll =bal-attack-utility (discussing use of mtDNA
typing to identify remains from September 11 bombings, the Oklahoma City bombings, and plane crashes);
Yasser Daoudi et al., Identification of Missing Individuals from Bosnia and Herzegovina Using Mitochondrial
DNA Analysis, presented at 11th International Symposium on Human Identification (2000), http://www.promega.
com/geneticidproc/ussymp11proc/abstracts/daoudi.pdf. See generally http://www.dna.gov/uses/m_person (dis-
cussing the President’s DNA Initiative, including use of mtDNA in identifying missing persons from natural
disasters and crimes).
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largely from its ability to identify maternal lines and to exclude individuals whose
profiles differ from questioned samples. For similar reasons, mtDNA is appropri-
ately used in criminal cases to exonerate persons whose mtDNA profiles are
revealed inconsistent with crime scene samples.*'

The FBI has led the field in the use of mtDNA evidence to inculpate criminal
suspects. The FBI began studying mtDNA technology in 1992 and conducting
mtDNA casework in 1996,* and is now one of a handful of public and private
laboratories in the United States that conduct forensic mtDNA testing.** Because
the FBI is the federal government’s forensic laboratory, and because SWGDAM,
under the auspices of the FBI, maintains the sole database used in the United States
in forensic mtDNA analysis, this Article discusses its procedures as illustrative of
all forensic mtDNA laboratories. What follows is a description of the FBI’s
methods for developing a suspect’s mtDNA profile, determining whether the
suspect should be “included” as a potential contributor because his profile is
consistent with the evidence sample profile, and calculating the statistical signifi-
cance of an inclusion through estimation of sequence frequencies in the population
using the SWGDAM database.**

An analyst first sequences the HVI and HVII regions of a sample found at the
crime scene. Next, assuming a suspect has been identified and has submitted a
DNA sample, the analyst sequences the HVI and HVII regions of the suspect’s
sample and compares the two profiles against each other. The FBI, according to its
protocols, does not automatically exclude a suspect if his profile differs from that
of the evidence sample. Indeed, the FBI will only definitively exclude a suspect if
there are two or more base pair differences between the samples with no evidence
of heteroplasmy, on the theory that one difference may be the result of hetero-
plasmy.*

While the FBI declares an automatic exclusion only in cases involving two or
more differences, the FBI will declare an inclusion (called a “failure to exclude”)

41. See Peter Neufeld, Preventing the Execution of the Innocent: Testimony Before the House Judiciary
Committee, 29 HOFSTRA L. REv. 1155, 1161-62 (2001). )

42. Alice A. Isenberg, Forensic Mitochondrial DNA Analysis, FBI LAW ENFORCEMENT BULLETIN 16 (August
2002), available at http://www.fbi.gov/publications/leb/2002/august02leb.pdf.

43. Forensic mtDNA testing is far more specialized, expensive, and time-consuming than nDNA testing. Over
one hundred laboratories in the United States are authorized to conduct forensic nuclear DNA analysis.
Government forensic mtDNA laboratories include the FBI and AFDIL. Commercial forensic mtDNA laboratories
include Bode Technology Group, Inc., in Springfield, Virginia; Laboratory Corporation of America, in Research
Triangle Park, North Carolina; Mitotyping Technologies, LLC, in State College, Pennsylvania; Orchid Cellmark
Dallas, in Dallas, Texas; Reliagene Technologies, Inc., in New Orleans, Louisiana; and Serological Research
Institute, in Richmond, California.

44. Drs. Kaestle and Kittles have become familiar with forensic laboratories” procedures for analyzing and
typing mtDNA sequences through their anthropological and genetic research involving mtDNA sequencing. Ms.
Roth and Mr. Ungvarsky have become familiar with such procedures through trial and appellate litigation
involving the United States’ use of mtDNA typing conducted by the FBI and other laboratories as evidence in
criminal trials.

45. FBI MtDNA Protocols (2004), supra note 8, at § 11.3.3.
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under several different scenarios.*® Thus, if the examiner determines that the
profiles of the suspect and evidentiary samples are identical at each of the bases in
HVI and HVI], the suspect is included as a possible contributor.*’ The examiner
also will not exclude the suspect if the profiles have a one base-pair difference and
either sample displays heteroplasmy.*® If the profiles have a one-base pair
difference in HVI and HVII and no evidence exists that the suspect or evidence
sample is heteroplasmic, the result is “inconclusive,” and the suspect will again not
be excluded.*® As explained in Part I, the FBI does not sequence outside HVI and
HVII to determine whether other differences exist besides those already observed
that could exclude the suspect as a potential contributor to the evidence sample.

If the suspect’s profile is consistent with the evidence profile, the analyst then
compares this shared profile to the SWGDAM database.”® The entire database
contains 5071 profiles.”’ The database is subdivided into fourteen so-called
“racial” sub-populations.>* The database profiles come from samples collected by

46. While this Article focuses on the sequence comparison protocols followed by the FBI, it is worth noting
that other mtDNA typing laboratories differ in their treatment of heteroplasmy when comparing the suspect’s
profile to the evidence sample profile. See Statement of Dr. M. Thomas P. Gilbert, submitted in United States v.
Chase, D.C. Super. Ct. Crim. No. F-7330-99 (July 9, 2004) (on file with authors) (reviewing protocols for all
major mtDNA testing laboratories and observing that “forensic laboratories come to no consensus as to how to
interpret heteroplasmic sequences. . . . [T]he interpretation guidelines vary when determining what would be
labeled as ‘inconclusive’ and what would be labeled as an ‘exclusion.’”).

47. FBI MtDNA Protocols (2004), supra note 8, at § 11.3.3.

48. Id.

49. Id.

50: For convenience purposes, forensic laboratories do not search all 610 bases of the HVI and HVII regions.
Rather, the sample is first compared to the revised CRS. Differences between the two are then searched against the
profiles in the SWGDAM database. Alice R. Isenberg & Jodi M. Moore, Mitochondrial DNA Analysis at the FBI
Laboratory, 1 Forensic Sct. Comm. 1 (1999), available at http://www.fbi.gov/hg/lab/fsc/backissu/july 1999/
dnalist.htm.

51. See FBI MtDNA Protocols (2004), supra note 8, at § 12.1. The SWGDAM database has grown from 1393
sequences in 1998 to its current size of 5071. See Bruce Budowle et al., Mitochondrial DNA Regions HVI and
HVII Population Data, 103 ForensiC Scl. INT'L 23, 25 (1999) [hereinafter Budowle et al. (1999)] (1393
sequences in 1998); Isenberg & Moore, supra note 50, at 1 (2426 sequences in 1999); Constance Fisher & Bruce
Budowle, Presentation, Mitochondrial DNA: Today & Tomorrow, 11th Annual Int’l Symposium on Human
Identification (2000), available at http://www.promega.com/geneticidproc/ussymp11proc/content/fisher.pdf (4142
sequences in 2000). The database has not grown at all since at least April 2003. See FBI MtDNA Protocols (2004),
supra note 8, at § 12.1 (stating that the database as of April 14, 2003, “contain[s] 5071 individuals”).

52. None of the sub-databases has more than 1814 profiles; ten have fewer than two hundred profiles; and five
have fewer than one hundred profiles. The populations and the number of profiles within each are as follows:

Race Number of Profiles
African-Americans 1148
Apaches 180
Caucasians 1814
Chinese/Taiwanese 356
Egyptians 48
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paternity testing laboratories, blood banks, FBI agents, and scientific research
groups.” The classifications of the sequences are based on the self-reporting of the
individuals who agreed to give the samples. The FBI does not claim that these
samples are geographically diverse, randomly selected, or representative. Rather,
the samples were obtained in an ad hoc, non-random manner from a few
locations.>

To generate frequency estimates from the SWGDAM database, forensic scien-
tists count the number of times that the shared profile “matches” a profile in each of
the sub-population databases (the “counting method”).”> The analysts count only
the number of appearances of the profile in the database and not the appearances of
the profile in the suspect and in the evidence sample. Because the SWGDAM
database omits the vast majority of mtDNA profiles and because more than 50% of
the profiles in the SWGDAM database appear only once in the database,*® this
approach most often results in a count of zero observations or “hits.”

The analyst next estimates the rarity of the profile in various “racial” popula-
tions based on the number of observations in each of several sub-databases
categorized by self-reported ancestry. If the analyst sees at least one observation,

Race Number of Profiles
Guam 87
Hispanics 759
India 19
Japanese 163
Koreans 182
Navajos 146
Pakistan » 8
Sierra Leone 109
Thai 52
TOTAL 5071

Monson et al., supra note 8, at “Release Notes,” available at http://www.fbi.gov/hg/lab/fsc/backissu/april2002/
mtDNA_popDB1.2ReleaseNotes.pdf.

53. See Budowle et al. (1999), supra note 51, at 25 (explaining origins of SWGDAM database profiles).

54. See id. (listing geographical origins of SWGDAM profiles).

55. FBI MtDNA Protocols (2004), supra note 8, at § 11.1 (stating the FBI reports the number of “hits” in each
racial database regardless of the suspect’s putative race).

56. See Allard et al., supra note 34, at 2 (stating 72% of profiles in SWGDAM Caucasian database as of 2000
appear only once); Parsons & Coble, supra note 15, at 305:

[Clomparing the 2000 database with the 1998 database shows that the number of sequences
occurring once is decreasing, going from 63% in 1998 to 54% in 2000. The percentage of single
occurrences will continue to decrease as more mtDNA samples are typed. However, the number of
individuals who must be sequenced to reach the limit of mtDNA diversity is unknown [as] the
overall distribution of mtDNA types is highly skewed toward rare types.
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this process involves dividing the number of observations by the size of the
database.”” For example, if the profile were observed once in the African-
American database (n = 1148), the frequency would be 1/1148 or 0.0008711. The
analyst would then place a 95% confidence interval around that number as a
margin of error in estimating the frequency in the larger population,”® and the
laboratory would report the upper-bound frequency. For an observed frequency of
0.0008711, the upper confidence limit is 0.002577, or 0.2577%, and the laboratory
would report that about 99.74% of African Americans are excluded as potential
contributors of the sample.

Because all people sharing a common maternal lineage are expected to have the
same mtDNA sequence (excluding considerations of intergenerational mutation),
the FBI acknowledges that examiners cannot declare identity based on mtDNA
analysis alone. Yet such small reported probabilities of inclusion calculated from
the SWGDAM database can suggest to juries that the consistency between the
mtDNA profiles is a “match” amounting to a statement of identity.”® Based on such
small frequency estimates, mtDNA evidence has thus become a powerful tool of
prosecution. A closer examination suggests, however, that such frequency esti-
mates are based on faulty scientific assumptions that do not meet prevailing legal
standards for admissibility of scientific evidence, and should not, in their current
state of development, be admitted against criminal defendants at trial.

III. THE DuBIoUs RELIABILITY OF FREQUENCY ESTIMATES ASSOCIATED WITH
Forensic MTDNA

The current SWGDAM database suffers from several structural problems that
make it incapable of producing reliable estimates of mtDNA profile frequencies in
particular geographical and ancestral populations. First, the database is a statisti-
cally unsound sample set from which to estimate mtDNA sequence frequencies

57. Laboratories use a slightly different statistical calculation when the sequence is not observed in the
database. See Holland & Parsons, supra note 14, at 31-32.

58. A 95% confidence interval means that, if a series of such margins of error were constructed in estimating
the frequency of the sequence in the population, approximately 95% of them should include the true frequency of
the sequence in the population. Alternatively stated, there is approximately a 5% chance that the margin of error
does not contain the true frequency of the sequence in the population. See ROBERT S. WITTE, STATISTICS 215 (2d
ed. 1985). As the sample size grows, the confidence interval will become narrower, indicating 95% confidence in
a smaller range of possible values for the frequency. Id. at 216. Ninety-nine percent confidence intervals are also
“prevalent” in statistical calculations. Id. at 221. None of the forensic literature or forensic laboratory protocols
reviewed by the authors discusses why a 95% confidence interval, as opposed to a more conservative interval like
99%, is used in forensic casework. Indeed, the FBI uses a 99% confidence interval when determining whether to
label a nuclear DNA profile as “unique” in the population. See FBI Laboratory Unit I, Short Tandem Repeat
Analysis Protocols § 10.6 at 10-10, 10-11 (Apr. 1, 2002).

59. See, e.g., United States v. Coleman, 202 F. Supp. 2d 962, 964, 967 (E.D. Mo. 2002) (stating 99.93% of all
persons excluded from contributing mtDNA sample); Lewis v. State, 889 So. 2d 623, 673 (Ala. Crim. App. 2003)
(stating 99.8% of Caucasians excluded); State v. Pappas, 776 A.2d 1091, 1104 (Conn. 2001) (stating 99.75% of
Caucasians excluded); Magaletti v. State, 847 So.2d 523, 587 (Fla. Dist. Ct. App. 2003) (stating 99.93% of all
persons excluded).
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because it does not account for geographic and ancestral clustering of identical or
related mtDNA profiles. Specifically, the manner in which the samples are
collected — samples taken from a handful of arbitrarily selected regions of the
United States — assumes, incorrectly, that mtDNA profiles are randomly distributed
in the population. But unlike nuclear DNA, which always reflects inheritance of
certain of the mother’s and father’s unique influences and thus varies even between
siblings (except identical twins), mtDNA is maternally inherited, does not recom-
bine, and is far from randomly distributed in the population. Moreover, the “racial”
categories in the databases, do not sufficiently take into account the intra- and
inter-ethnic diversity resulting from well-documented ancestral migration patterns
and clustering of profiles into identifiable haplogroups. Second, the SWGDAM
database is too small in relation to the general populations it purports to represent
to estimate such frequencies adequately. Third, even if the database were represen-
tative and large enough, significant previously unaddressed quality control prob-
lems undermine its reliability. Fourth, as applied, the “counting method” poten-
tially understates frequency estimates systematically through assumptions biased
against suspects. While each of these problems can be remedied, their existence
suggests that reliance upon the current SWGDAM database is currently unfounded
and that such issues should, in any event, be addressed by attorneys and the courts.

A. MtDNA Is Not Randomly Distributed in the Population

1. The Statistical Validity of the SWGDAM Database Is Premised on False
Assumptions about the Distribution of MtDNA Profiles in the Population

Many of SWGDAM'’s sequences came from the same samples that existed in the
FBI's STR databases used to generate match statistics in forensic nDNA typing.*°
In nuclear DNA testing, forensic scientists typically obtain miniscule random
match probability statistics generated by comparison of alleles at each of the
thirteen standard STR locations.®! The nDNA STR databases, and the validation
studies thereof, were based on the premise that, particularly given the miniscule
associated statistics, only statistically insignificant genetic linkage exists within
the populations sampled. Accordingly, for nDNA, it was concluded that sampling
from a small number of locations was acceptable.®?

This assumption of randomness is not valid with respect to mtDNA sequences.
As explained below, because mtDNA is maternally inherited and not recombinant,

60. See Budowle et al. (1999), supra note 51, at 25.

61. See BUTLER, supra note 12, at 502 (“Often the rarity of a calculated [nuclear] DNA profile goes beyond one
in billions (10°) or trillions (10'2) to numbers that are not frequently used because they are so large.”); id. at 504,
tb1.21.3 (listing values such as quadrillion (10'%), quintillion (10'6), and google (10'%0)).

62. See NRCII (1996), supra note 5, at 30 (stating STR database consists of convenience samples from “blood
banks, paternity-testing laboratories, laboratory personnel, clients in genetic-counseling centers, law-enforcement
officer, and people charged with crimes”); United States v. Bridgett, 120 Daily Wash. L. Rptr. 1697, 1700 n.12
(D.C. Super. Ct Aug. 11, 1992) (same).
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mtDNA profiles are not randomly distributed. The distribution of a particular
mtDNA sequence is primarily a function of the migration of women. A child and
his maternal great-great-great-great-grandmother, or a child and all of his mother’s
sisters’ children, are expected, absent mutations, to have identical mtDNA profiles.
Over generations, profiles stay intact or mutate to a very similar sequence. In
addition, the high mutation rates characteristic of the HVI and HVII regions create
unique variants, including more recently created ones that have not had time to
spread from their location of origin. This creates geographical areas where certain
haplogroups or haplotypes are prevalent, and other areas where those same
haplogroups and constituent haplotypes are wholly or largely nonexistent.

2. Phylogeographic Studies Confirm That MtDNA Haplogroups Exist and Are
Geographically Stratified

Dozens of phylogeographic® studies have been performed to identify the
geographic distribution of mtDNA haplotypes in countries all over the world,
although such studies are extremely limited in the United States. These studies
demonstrate that mtDNA is not randomly distributed and that different haplo-
groups and haplotypes are concentrated within certain populations that vary
geographically.** Scientists rarely come across new nDNA gene types when
studying new population subgroups; however, the same is not true for mtDNA
sequences. While certain haplogroups of mtDNA sequences are widely distributed
throughout the population,®® many exist only within certain geographic clusters.®®

63. Phylogeography “is a field of study concerned with the principles and processes governing the geographic
distributions of genealogical lineages, especially those within and among closely related species [and] deals with
historical, phylogenetic components of the spatial distributions of gene lineages. In other words, time and space
are the jointly considered axes of phylogeography onto which (ideally) are mapped particular gene geneaologies
of interest.” JOHN C. AVISE, PHYLOGEOGRAPHY: THE HISTORY AND FORMATION OF SPECIES 3 (2000).

64. See, e.g., Ripan S. Malhi et al., The Structure of Diversity Within New World Mitochondrial DNA
Haplogroups: Implications for the Prehistory of North America, 70 AM. J. HuM. GENET. 905, 906 (2002)
[hereinafter Malhi et al. (2002)] (“significant geographic variation in frequency distributions across North
America” existed for nearly five hundred Native American haplotypes and “haplogroup frequency distribution
was correlated with geography”); Dan Mishmar et al., Natural Selection Shaped Regional MtDNA Variation in
Humans, 100 Proc. NATL. AcaD. Sci. 171 (Jan. 7, 2003) (“extensive global population studies have shown that
there are striking differences in the nature of the mtDNAs found in different geographic regions”).

65. In North America, the C and D haplogroups, present in Native American populations, are widely
distributed across the continent. See Malhi et al. (2002), supra note 64, at 909-11 & figs. 2, 3, 4. The H haplogroup
occurs in 20% to 25% of the population in the Near East, 50% in Europe, and nearly 60% in the Basque country of
Spain. See Martin Richards et al., In Search of Geographical Patterns in European Mitochondrial DNA, 71 AMm. J.
Hum. GENETICS 1168, 1170 (2002).

66. While phylogenetic analysis — reconstructing genetic relationships within a population — has been
conducted on many of the SWGDAM racial sub-databases, such studies only show, at most, that a particular
database accurately reflects most of the haplogroups that exist in the relevant population, e.g., that the Caucasian
database contains all major haplogroups in the Caucasian population. See Allard et al., supra note 34, at 8. Such
studies do not, however, take into account the geographical distribution of the sequences within the population,
and thus cannot be cited as evidence that a database accurately reflects the frequency of a profile in a particular
geographic area. Only phylogeographic studies — those that focus on the spectrum and area-specificity of major
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Non-random mtDNA haplotype distributions also exists within geographic loca-
tions, because of often subtle linguistic, religious, or economic/caste distinc-
tions.®’

Distinctive mtDNA haplotype distributions are not limited to rare or ancient
populations; today, different geographic regions demonstrate strikingly different
mtDNA patterns.®® For example, a particular cluster of mtDNA sequences called
haplogroup J is widely distributed in western and central Europe, but is rare in the
Iberian Peninsula.®® A sub-haplogroup of that cluster has been observed primarily
in Britain, with one other occurrence from an ancestor in Italy.”” A mutation that
has an 8% frequency within the Canary Islands has never been found outside the
Islands.”" One study related to the natives of Mozambique as compared to those in
the Americas identified a considerable number of matches between Mozambique
and American sequences from African haplogroups, including some sequences

haplogroups and the haplotypes within them — can accurately determine true frequencies. See Juan C. Rando et al.,
Phylogeographic Patterns of MtDNA Reflecting the Colonization of the Canary Islands, 63 ANNALS Hum.
GENETICS 413, 424 (1999).

67. See, e.g., Michael Bamshad et al., Genetic Evidence on the Origins of Indian Caste Populations, 11
GENOME RESEARCH 994 (2001) (discussing economic and caste distinction); Ranjan Dutta et al., Patterns of
Genetic Diversity at the Nine Forensically Approved STR Loci in the Indian Populations, 74 Hum. BioL. 33
(2002) (same); D. Andrew Merriwether et al., Mitochondrial DNA Is an Indicator of Austronesian Influence in
Island Melanesia, 110 AM. J. PHYS. ANTHROPOL. 243 (1999) (linguistic distinctions); Pavao Rudan et al.,
Anthropological Research of Hvar Islanders, Croatia — From Parish Registries to DNA Studies in 33 Years, 28
COLLEGIUM ANTHROPOLOGICUM 321 (2004) (religious); Lev A. Zhivotvsky et al., The Forensic DNA Implications
of Genetic Differentiation Between Endogamous Communities, 119 FORENSIC ScI. INT’L 269 (2001) (no obvious
subdivision).

68. See, e.g., DAVID BALDING, WEIGHT-OF-EVIDENCE FOR FORENSIC DNA PROFILES 105-06 (2005):

[M]aternally-related individuals might be expected to be tightly clustered, possibly on a fine
geographical scale. Reports of Fgsr estimates for mtDNA drawn from cosmopolitan European
populations typically cite low values, reflecting the fact that this population is reasonably
well-mixed, as well as the effects of high mtDNA mutation rates. However, researchers rarely are
able to focus on the fine geographic scale that may be relevant in forensic work, and there are some
large Fst estimates at this scale.

see also Anita Brandstitter et al., Mitochondrial DNA Control Region Sequences from Nairobi (Kenya):
Inferring Phylogenetic Parameters for the Establishment of a Forensic Database, 118 INT’L J. LEGAL MED. 294
(2004) (describing new forensic database containing sequences from Nairobi and finding that there were
significant differences in mtDNA compositions of this new database and the African-American SWGDAM
database, as well as of published sequences from Sierra Leone, Mozambique, and United States); Peter Forster et
al., Continental and Subcontinental Distributions of MtDNA Control Region Types, 116 INT’L J. LEGAL MED. 99,
99 (2002); Kaestle & Horsburgh, supra note 38, at 95 (“[M]itochondrial markers are also often geographically
specific, and in some cases are limited in distribution to a single tribe (private polymorphisms).”); Rick A. Kittles
& Shomarka O. Keita, Interpreting African Genetic Diversity, 16 AFRICAN ARCHEOL. REV. 87, 87 (1999); Luisa
Pereira et al., Prehistoric and Historic Traces in the MiDNA of Mozambique: Insights into the Bantu Expansions
and the Slave Trade, 65 Am. J. HuM. GENETICS 439 (2001); Rando et al., supra note 66, at 424; Antonio Salas et
al., The African Diaspora: Mitochondrial DNA and the Atlantic Slave Trade, 74 AM. J. HUM. GENETICS 454
(2004); Yao et al., supra note 21, at 649,

69. Richards et al., supra note 65, at 255 (discussing J Haplogroup).

70. Id. at 254 (discussing J1bl Haplogroup).

71. Rando, supra note 66, at 420, 424.
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that had never been observed outside Mozambique, as well as others observed only
in the American populations.”> From 2000 to the present, the AFDIL has been
documenting such regional differences through a DOJ-funded effort to create
databases of mtDNA control region sequences for African-origin, Hispanic, and
Central Asian individuals. As of July 2005, AFDIL had databased “249 African-
American, 646 U.S. Hispanic, and nearly 2500 Central Asia samples.””> The
five-year project “is intended to ... investigate the potential for forensically
significant regional variation within U.S. racial/ethnic groups” and has success-
fully unearthed such significant results, particularly with respect to U.S. Hispan-
ics.”* Based on these observed differences, AFDIL reported to the National
Institute of Justice that its “work establishes that there is highly significant
geographic variation of mtDNA types among individuals classified as ‘Hispanics’
in the United States” and that “[t]his has serious implications for the appropriate
structuring of forensic mtDNA population databases.””” To the AFDIL researchers,
“[i]t seems very unlikely that reference to a single Hispanic database can be
justified in evaluating the significance of mtDNA matching in the Hispanic
population.””®

Similarly, a study of the Han Chinese revealed dramatic regional differences in
haplogroup frequencies among a population that constitutes 93% of the Chinese
population and nearly 20% of the world’s population.”” Researchers examined 263
unrelated Han Chinese samples taken from six different provinces. They observed
that, while certain haplogroups made up almost 20% of the population in a certain
province, the haplogroup was nonexistent in a different province. Ultimately, the
clustering in particular provinces was so pronounced that the authors concluded
that an East Asian database, or even “Northern Han” and “Southern Han”
databases, would grossly underestimate the frequency of certain groups of se-

72. Pereira et al., supra note 68, at 452:

There remain a large number of sequences from African haplogroups sampled in the Americas
and Europe for which no match can be found in the current African database. This may be due in
part to the fact that the main regions from where slaves were taken, such as Angola and the Slave
Coast remain uncharacterized.

See also Joseph Lorenz et al., African-American Lineage Markers: Determining the Geographic Source of
MtDNA and Y Chromosomes (Apr. 15, 2004), http://www.physanth.org/annmeet/aapa2004/ajpa2004.pdf (discuss-
ing study suggesting that there is large proportion of unexamined, undocumented mtDNA variability among
individuals indigenous to sub-Saharan Africa).

73. Parsons, supra note 23, at 1.

74. Parsons et al., supra note 23, at 4-5 (“U.S. Hispanics are a complex admixture of Native American,
European, and African lineages, making the regional variation of U.S. Hispanics important in a forensic
context.”); id. (listing dramatic differences in frequency of various haplotypes among Hispanics in different
regions of the United States).

75. Id. at 5.

76. Id.

77. Yao et al., supra note 21, at 635.
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quences that themselves are highly common in surrounding regions.”®

MtDNA population genetic linkage in North America — discussed in detail in the
next two sections — is also well documented in scientific research.”” Whether the
heterogeneous geographic distribution of mtDNA lineages reflects genetic cluster-
ing, inadequate sampling, or some combination of the two, it appears clear that the
sampling of mtDNA profiles must take into account geographic heterogeneity and
stratification in order to create representative databases for use in forensic typing.

3. Significant Ancestry-Related Population Substructure Exists in the
Distribution of MtDNA Sequences in the African-American Population

The SWGDAM database also fails to account for ancestry-related clustering of
haplogroups in the United States, particularly with respect to the collective
experience of African Americans, whose post-slavery era migration patterns are
well documented.® The oldest mtDNA profiles stem from Africa, whose popula-

78. See id. at 649:

The comparison of the regional Han mtDNA samples revealed an obvious geographic differen-
tiation in the Han Chinese, as shown by the haplogroups-frequency profiles. .. . Hence, the
grouping of different Han populations into just “Southern Han” and “Northern Han” or the use of
one or two Han regional populations to stand for all Han Chinese . . . does not appropriately reflect
the genetic structure of the Han. ‘

79. See, e.g., David Biello, Skulls Suggest Differing Stocks for First Americans (Dec. 13, 2005), http://www.
sciam.com/print_version.cfm?article]D=000E8538-F33D-139D-B33D83414B7F0000 (“Today, no South Ameri-
can native group presents the X [mitochondrial DNA] lineage, which is universal among North American native
groups.”) (alteration in original); Jason Eshleman et. al., Mitochondrial DNA Studies of Native Americans:
Conceptions and Misconceptions of the Population Prehistoric of the Americas, 12 EVOL. ANTHROPOL. 7-18
(2003) (noting that while Haplogroup X is found in low frequency in Europe and Western Asia, Native American
variant is significantly different, possessing mutation that distinguishes it from Old World versions); Lynn B.
Jorde & Stephen P. Wooding, Genetic Variation, Classification, and “Race,” 36 NATURE GENETICS S28, S29
(Nov. 2004) (“[1Individuals tend to cluster according to their ancestry or geographic origin.”); Malhi et al. (2002),
supra note 64, at 3-5 (stating native Americans have haplogroups whose frequencies varies greatly among
Canada, United States, and Mexico); Esteban J. Parra, Rick A. Kittles et al., Ancestral Proportions and Admixture
Dynamics in Geographically Defined African Americans Living in South Carolina, 114 AM. J. PHYS. ANTHROPOL.
118 (2001) [hereinafter Parra & Kittles (2001)]; Estaban J. Parra, Amy Marcini et al., Estimating African-
American Admixture Proportions by Use of Populations-Specific Alleles, 63 AM. J. HuM. GENETICS 1839 (1998);
Sarah A. Tishkoff & Kenneth K. Kidd, Implications of Biogeography of Human Populations for “Race” and
“Medicine,” 36 NATURE GENETICS S21, S26 (Nov. 2004) (stating that frequency of mtDNA haplogroups are
unevenly distributed within and among geographic regions and “knowledge of ethnicity (not just broad
geographic ancestry) and statistical tests of substructure are important proper design of case control association
studies”). Cf. Terry Melton et al., Diversity and Heterogeneity in Mitochondrial DNA of North American
Populations, 46 J. FOReNsIC Scl. 46 (2001) (arguing that North American population is homogeneous, and
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80. The authors’ focus on the migration patterns of African Americans should not be taken as a statement that
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tion displays great regional diversity and heterogeneity in mtDNA profiles.®' In
some regions, specific mtDNA profiles are common; in others, the same mtDNA
profiles are rare or nonexistent.** Scientific studies in Africa repeatedly uncover
more unknown and previously unexamined mtDNA sequences, and far more is left
to learn about regional differences that exist both now and hundreds of years ago.

During the period of slavery in the United States, the forced migration of
Africans to the New World brought these regional differences to the United States
and led to significant regional differences in the ethnic and geographic ancestry of
African Americans.®? Various political, economic, and cultural factors associated
with the implementation of slavery contributed to these regional differences. For
instance, during the period of slavery in the South, plantation owners in South
Carolina primarily grew rice. These owners sought West Africans who already
knew how to grow rice and therefore imported enslaved Africans from the “Grain
Coast” of Africa.*® In contrast, in Virginia, plantation owners primarily sought to
grow tobacco.®® The area surrounding the tobacco farms was swampy, and with the
swamps, mosquitoes and malaria were common.®® Neither Native American nor
European American workers had genetic resistance to malaria and were dying in
large numbers. Plantation owners sought enslaved Africans resistant to malaria and
turned to the “Gold Coast” — modern day Ghana and Benin.?’ Similarly, because

significant scientific importance, both in forensic science and biomedicine, to understand the genetic conse-
quences of this unique population history. The authors’ emphasis also reflects the significant number of studies on
African-American migration in particular and the relative familiarity of the lay public with the historical
post-slavery era migration of African Americans.

81. Rebecca L. Cann, Mark Stoneking, & Allan C. Wilson, Mitochondrial DNA and Human Evolution, 325
NATURE 31 (1987). See also Philip D. Curtin, From Guesses to Calculations, in THE ATLANTIC SLAVE TRADE: A
Census (David Northrup ed., 1994). Curtin’s calculations were later refined by David Northrup. Paul E. Lovejoy,
Curtin’s Calculations Refined but Not Refuted, in THE ATLANTIC SLAVE TRADE 50-59 (David Northrup ed., 1994).
See also Elizabeth E. Watson et al., MtDNA Sequence Diversity in Africa, 59 AM. J. HuM. GENETICS 437 (1996).

82. See, e.g., Terry Melton et al., Extent of Heterogeneity in Mitochondrial DNA of sub-Saharan African
Populations, 42 JOURNAL OF FORENSIC Sct 582, 588-89 (1997) (finding numerous haplotypes with occurrences of
sequence-specific oligonucleotides (SSO) — particular base pair variations in certain parts of the mtDNA control
region — of more than 10% in a particular African population and “substantial subpopulation heterogeneity” in
“continental African populations”). The authors conclude that “control region sequencing would be a good
alternative for forensic identifications in African or African-derived populations where there is uncertainty about
whether subpopulations are present, at least until further populations are studied.” Id. at 589.

83. See generally Salas et al., supra note 68, at 455-56.

84. Parra & Kittles (2001), supra note 79, at 19.

85. PHILLIP D. MORGAN, SLAVE COUNTERPOINT: BLACK CULTURE IN THE EIGHTEENTH CENTURY CHESAPEAKE
AND LOWCOUNTRY 33-44 (1998).

86. Id. at 34-36.

87. Fatimah Jackson, Concerns and Priorities in Genetic Studies: Insights from Recent African-American
Biohistory, 27 SETON HALL L. REv. 951, 961-62 (1997); Parra, Marcini et al., supra note 79, at 1839 (listing
countries of Africa by economic region). This very same resistance makes African Americans whose ancestors
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Portuguese and French slave traders were the primary slave traffickers in New
Orleans, many of the enslaved Africans brought to Louisiana were from Angola.*®
Thus, the forced migration of enslaved Africans to the United States led to
geographic variation in this country similar to that of regional African variation.

Once in the United States, the clusters of African Americans either remained in
their geographical origins or migrated in distinct groups, as family members joined
family members, friends followed friends, and neighbors encouraged neighbors to
emigrate.®® This patterned migration resulted in further geographic variation
throughout the United States. For the most part, this took place during the “Great
Migration” — roughly 1910 to 1930 — when African Americans in the rural south
traveled north for better jobs in light of World War I and a boll weevil crop
infestation in the South.”® These migrations took predictable routes: African
Americans from Mississippi, Alabama, and Louisiana largely followed the Missis-
sippi River and migrated to the great cities of the Midwest, such as Detroit,
Chicago, Cleveland, and Kansas City; and African Americans from the Carolinas
and Virginia tended to travel up the coastline to Washington, D.C., Philadelphia,
and New York.”' Notwithstanding the effects of this large-scale migration, most
African Americans have remained in the southern part of the United States, in the
crescent-shaped region ranging from Washington, D.C. to Louisiana.”> Today,
scientists observe genetic variation among African Americans in different regions
of the country based upon the routes of those African Americans who migrated
there and based on the variable levels of mixing with European Americans in
different parts of the United States.

Heterogeneity also exists in African-American mtDNA profiles as one moves
westward across the country. African Americans living in the western United
States tend to exhibit larger percentages of European and Native American
ancestry than those living in the South, Mid-Atlantic, and Midwest.”> These
phenomena may be the result of history, in that western territories and states had
less restrictive social mores with respect to interracial relationships at the time of
greatest migration. Additionally, the number of Native Americans surviving
European settlement living in western states was significantly higher than in the

88. Curtin, supra note 81, at 83. :

89. See generally JAMEs R. GRoSSMAN, LAND OF HopPE: CHICAGO, BLACK SOUTHERNERS, AND THE GREAT
MIGRATION (1991).

90. Id. at 28-30.

91. Id. at 112-13 (describing migration from Mississippi delta to Chicago); NICHOLAS LEMANN, THE PROMISED
LAND: THE GREAT BLACK MIGRATION AND How IT CHANGED AMERICA 119-20 (1991) (alluding to migration from
Carolinas and Virginia up East Coast).

92. See http://www.censusgov/prod/cen2000/dp1/2khus.pdf (displaying a pictorial depiction of geographical
distribution of African Americans in United States).

93. See Parra, Mancini et al., supra note 79, at 1845-47; Ranajit Chakraborty, Gene Admixture in Human
Populations: Models and Predictions, 29 YEARBOOK OF PHYS. ANTHROP. 1-43 (1986); David C. McLean, Jr. et al.,
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Americans, 75 HuM. BioLoGy 147-61 (2003).
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east, which helps to explain the Native-American “admixture” in African-
American mtDNA profiles.”*

A further critical dimension of regional variation in mtDNA profiles is a result of
the variation in the level of “admixture” between African Americans and other
groups around the country. For example, while African Americans living in
Charleston, South Carolina, possess about 6.5% of European maternal ancestry,
this figure is much higher in Baltimore (14.94%), New York (9.11%), and
Pittsburgh (9.9%).>> To determine the frequency of an mtDNA sequence at a
Charleston crime scene, for example, a forensic scientist should use a database that
takes into account the types of mtDNA profiles that exist in Charleston. As further
illustration, Jamaican Americans, whose mtDNA is on average 12.93% derived
from European ancestry, have quite different mtDNA profiles from African
Americans in most American cities — information that should be known to the
forensic scientist in electing to which mtDNA database to compare the questioned
profile.”® The SWGDAM database does not account for, or reflect, these regional
differences.

4. Population Substructure with Respect to MtDNA Sequences in the United
States and Other, Non-African-American Ancestral Populations

The SWGDAM database also fails to account for regional variation in other
U.S. ethnic groups. For example, while the database has a Hispanic category, most
geneticists agree that the term “Hispanic” is primarily a language-based categori-
zation, not a genetic one.”” Not surprisingly, then, individuals in the linguistic
category “Hispanic” display tremendous amounts of genetic variation.”® One
cannot reasonably claim, for example, that Hispanics living in South Florida
(largely of Cuban and Puerto Rican ancestry) are genetically representative of
Hispanics living in California (largely Mexican in ancestry). Yet the design of the
SWGDAM mtDNA database assumes that mtDNA profiles of Hispanic-

94. See American, Indian, Eskimo, and Aleut Persons (last visited Feb. 17, 2006) http://www.census.gov/geo/
www/mapGallery/images/americanindian.jpg (displaying visual depiction of heavy Native-American clustering
in western part of United States); STELLA U. OGUNWOLE, THE AMERICAN INDIAN AND ALASKA NATIVE
PopuLATION: 2000 4-6 (U.S. Census Bureau Feb. 2002) (noting that 43% of American Indians lived in West, 31%
lived in South, 17% lived in Midwest, and 9% lived in Northeast United States).

95. Parra, Marcini et al., supra note 79, at 1845. The admixture study reports two results from Philadelphia,
based on two independent sample sets taken from patients in two separate hypertension studies. These sample sets
exhibited significant differences in their percentage of admixture. /d. Thus, even within a single city, different
groups of African Americans display significantly different mtDNA profiles.

96. Id. at 1845-47.

97. See Carolina Bonilla et al., Admixture in the Hispanics of the San Luis Valley, Colorado and lIts
Implications for Complex Trait Gene Mapping, 68 ANNALs HuM. GENETICS 139, 140 (2004) (stating that the term
“Hispanic” applies to individuals from several continents with “diverse cultural features and genetic back-
grounds”).

98. See id. (reporting differences in admixture among Puerto Rican, Cuban, and Mexican groups, as well as
within smaller region of San Luis Valley).
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Americans are randomly distributed. This failure to account for genetic diversity is
particularly troubling given that the FBI does distinguish between Southeast and
Southwest Hispanics in its nuclear DNA database, presumably to account for
population substructure within the “Hispanic” population.”® The FBI’s attempt to
subcategorize its (more recombinant) nDNA database to account for substructure
is laudable, but the lack of recombination in mtDNA inheritance makes geographic
clustering all the more critical in designing a representative mtDNA population
database.

A simple contrast between the SWGDAM database and various compilations of
mtDNA sequences observed in the published literature highlights the database’s
lack of geographic representation. For example, the SWGDAM database contains
only two categories of Native-American mtDNA profiles, Apache and Navajo,
which contain 180 and 146 mtDNA sequences, respectively. These SWGDAM
sub-databases are incomplete and unrepresentative. Haplogroup D exists in
Apache anthropological databases but is completely missing from the SWGDAM
Apache database.'® v

The frequency of Haplogroup X in studies in the academic literature is
four-to-five times greater than in the corresponding SWGDAM database.'®' More
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