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2 Giving a copy of my 5t book on DNA to my
professor, Ralph Allen, on his retirement
(November 2015)




The Last Time | Spoke at UVA...

Analytical Detective Work
and the Chemistry Behind
Forensic DNA Typing

John M. Butler

National Institute of Standards and Technology

Aoril 14 006
University of Virginia Chemistry Department Seminar . T LT TV R
st RIME SCENE INVESTIGATION,

A lot has happened in 16.5 years!
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JOHN M. BUTLER
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FELLOW & GROUP LEADER

ohn M. Butler is NIST Fellow and Group Leader of Applied

Genetics at the National Institute of Standards and Technology.

He is author of the infernationally acclaimed textbook Forensic

DNA Typing—now in its third edition—as well as more than
100 scientific articles and invited book chapters. His book was also
been translated into Chinese {2007) and Japanese (2009). He
eamed his Ph.D in 1995 from the University of Virginia with Ralph
Allen (Analytical Chemistry). His Ph.D, research was conducted in
the FBI Laboratory, iInvolved ploneering the technigues now used
worldwide in modemn forensic DNA testing. Over the past 15 years,

Dr. Butler has worked in government and industry. He designed and

maintains STRBase (hitp./f'www.csll nist. gov/biotech/strbase), an information resource for short tandem repeat DNA
markers, As a member of the World Trade Center Kinship and Data Analysis Panel, he aided the New York City Office of

Chief Medical Examiner in their work to identify the remains of victims of the 9/11 terrorist attacks. He also serves on the
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| have a different role
at NIST, and my hair
is a little grayer now!
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B.S. Chemistry
1992

A friend of

my father
gave me this
book in 1990,
which led to
my early
interest in
forensic DNA

This friend is
acknowledged
in my first
book in 2001,
and given a
signed copy
shortly after it
was published
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et . ; | DNA Identification
ational Institute of N
Standards and Technology (é La boratory

d Silicon Valley start-up company

GENETRACE doing TOF-MS of DNA

N H Human ldentity

Project Leader
National Institute of (1999-2013)
Standards and Technology

UVA Grad Student
(Aug 1992- Aug 1995)

Research Conducted at FBI

NIST/NRC Postdoc
(Sept 1995- May 1997)

Some Research at AFDIL

Staff Scientist
(May 1997 — Sept 1999)

Research Chemist

& Group Leader
(Sept 1999 — Apr 2013)

Special Programs Office (2013-present)



Butler Books on Forensic DNA Typing

For the general public

For students, practitioners, and lawyers around the world
UNDERSTANDING

2015 | 3 Aavanced Topics in FO:C DNA TYPING: INTERPRETATION . FORENSIC DNA

20 1 2 . = Advanced Topics in FORENSIC DN A TYPING:

201 0 f ’_Fundamentals of Fcirensic

2005 FORENSIC DNA TYPING 0N | | SUZANNE BELL & JOHN BUTLER

2001 ‘ FORENSIC DNA TYPING snen  (R0) i _:_ Bl Cambridge University Press

2022



My UVA Graduate Research Proposals

 DNA MALDI-TOF MS (Feb 1994 - failed)

« 2 National Institute of Justice grants (>$1M total)
« 2 U.S. patents (GeneTrace Systems; now Sequenom)

* 12 publications including 2 articles in the 2006 volume
of The Encyclopedia of Mass Spectrometry

* Peptide Nucleic Acids (April 1994 - passed)
« 3 publications with PNAs
* Anal Chem. 1996 Sep 15;68(18):3283-3287
* Anal Chem. 1997 Dec 1;69(23):4894-4898
* Nucleic Acids Res. 1999 Dec 15;27(24):4792-4800

This background research conducted in graduate
school led directly to successful projects later

...and sometimes you learn more from
your failures than from your successes!

United States Patent (9 (11] Patent Number: 6,090,558

Butler et al. 45]  Date of Patent: Jul. 18, 2000

[3] DNA TYPING BY MASS SPECTROMETRY Becker et al., “(ENSS =
WITH POLYMORPHIC DNA REPEAT by time of fighfes
MARKERS Symposium on

[75] Inventors: John M. Butler, Menlo Park; Jia Li, Brauwn ei al.,
Union City; Joseph A. Monforte, primer oligo ba
Berkeley; Christopher H. Becker, Pulo Chem, 43:1151
Alte, all of Calif, Rra &
Mas
| 73] Assignee: Genelrace Systems, Inc., Alameda, Rui al.,
Calif Flight Mass 5

European Sy
[21]  Appl. No.: 09/157,177 Promega Corpol
o — . Butler et al., *
[22] Filed:  Sep. 18, 1998 Tandem Repeat
Analytical Chemistry

Al Chern. 1998, 65 52R1- 3347

Peptide Nucleic Acid Characterization by
MALDI-TOF Mass Spectrometry

John M. Butler,” Ping Jiang-Baucom,* Meng Huang,* Phillip Belgrader,¥ and James Girard*-*

Bictechmalogy Divison, Nabons nsifufe of Siandads and Teshokgy, Gailfeysburg, Mavland 20809,
Dapartment of Charmstry, Amenican University, Washingion, D.C. 20008, and Armed Foroes DA idenificalion Laboralory,
Amned Forcas instiude of Pathoingy, Rock e, Manyland 20850

Nucleic Acids Research

dTHI-4800  Nuclerr Acids Rexseorchk, 1999, Val, 27, No, 24 © 1998 Chford Llimversry Presy

Thermodynamic comparison of PNA/DNA and DNA/
DNA hybridization reactions at ambient temperature
Frederick P. Schwarz®, Scott Robinson and John M. Butlar!

Caenilar for Advanced Research in Biotechnology/™atonal Instilute of Standards and Technology, 9800 Gudalsky
Dwive, Riockolle, MD 20850, SA and "Biotechnology Division, Mational Institute of Standards and Techniology,
Gaitherabuig, MO 20899, USA



https://nij.ojp.gov/library/publications/improved-analysis-dna-short-tandem-repeats-time-flight-mass-spectrometry

A National Institute of Justice A $70,000 NIJ grant awarded to the University of
(NlJ) Grant Laid the Foundation Virginia (UVA) in 1993 literally changed the world

of forensic DNA testing — and began my

fOI' MOdern Forensic DNA journey into the field of forensic science.

: Ralph Allen at UVA and Bruce McCord at the FBI

N IJ FU N D I N G N Academy’s Forensic Science Research and Training
Center in Quantico, Virginia, were looking to apply
SU PPO RTI N G EM ERG I N G a new analytical separation technique called

capillary electrophoresis (CE) to speed up and

automate DNA testing of short tandem repeats
SCI ENTISTS, BU I LDI NG (STRs). The NIJ grant allowed the two analytical

chemists to bring a graduate student on board to
OU R FUTU RE work on the new forensic method.
BY JOHN M. BUTLER . :

One influential scientist reflects on the pivotal role that NIJ funding has played during his prolific career in
forensic science.

Butler, John M., “NIJ Funding: Supporting Emerging Scientists,
Building Our Future,” NIJ Journal 276 (2015): 26-31, available
at http://www.nij.gov/journals/276/Pages/butler.aspx or

https://www.ncjrs.gov/pdffiles1/nij/249224 .pdf e N s
Ralph Allen at his UVA retirement in November 2015

with Alice Isenberg (PhD, 1998) and John Butler (PhD, 1995)



http://www.nij.gov/journals/276/Pages/butler.aspx
https://www.ncjrs.gov/pdffiles1/nij/249224.pdf

Sizing and Quantitation of Polymerase Chain Reaction

Products by Capillary Electrophoresis
for Use in DMA Typing

John Marshall Butler
Stafford, Virginia

B.5., Brigham Young University, 1992

A Dissertation Presenizd to the Graduate
Facuity of the University of Virginia
in Candidacy for the Degres of
Deoctor of Philosophy

Department of Chemistry

University of Virginia
August 1995

 Led to a Presidential Award

https://strbase.nist.gov/pub pres/JohnButler-PhD-Dissertation-1995.pdf

My Ph.D. Dissertation
Research

* Pioneered modern forensic DNA
testing through development of
capillary electrophoresis
separations and detection methods
for PCR products

* Provided the initial framework for

my first book Forensic DNA Typing
and the NIST STRBase website
(launched in 1997)

in July 2002

— _ = —
E‘. ~hort [ andem " epeat DNA FORENSIC
=4 Internet Data=ss2 TYPING

https://strbase.nist.gov/

In the White House with Arden Bement
(former director of NIST and NSF)

1S presente d with the j._','l':l.ﬁtll*
of your fellow citizens by

The President of the

| States of America |
e ire . Marshall Betler ‘
i the fields of forensics and human
I‘ A ng new |r|rﬂlﬂdu$us’ir.'i
| [INA analysts and typang,
{ jeational maverials for
X T wnd forensic sclentists,


https://strbase.nist.gov/pub_pres/JohnButler-PhD-Dissertation-1995.pdf
https://strbase.nist.gov/

Students, what work will you put in to achieve your dream?

Anal. Chem. 1995, 67, 273R—-294R

Review of the field published in 1995
while | finishing graduate school...

Forensic Science

T. A. Brettell*

Forensic Science Bureau, New Jersey State Police, Box 7068, West Trenton, New Jersey 08625
R. Saferstein

Box 1334, Mount Laurel, New Jersey 08054

Anal. Chem ﬂ 77, 38393860
10-years later, | was a co-author!

Forensic Science

T. A. Brettell*

Office of Forensic Sciences, New Jersey Slate Police, New Jersey Forensic Science and Technology Complex,
1200 Negron Road, Horizon Center, Hamilton, New Jersey 08691

@ J. M. Butler
National Institute of Standards and Technology, Gaithersburg, Maryland 20899-8311

R. Saferstein

Box 1334, Mount Laurel, New Jersey (08054

Every two years (in the June 15" issue
until 2011) the journal Analytical
Chemistry published an application
review on forensic science

Describes 250 articles
covering forensic DNA
analysis during 2003-2004

Review Contents

Forensic DNA Analysis

Collection, Characterization, Preservation,
Extraction, and Quantitation of Biological
Material

Short Tandem Repeats
Single-Mucleotide Polymorphisms

YSTR Typing, Gender [dentification, and
X-Chromosome Analysis

Mitochondrial DNA Typing

Monhuman DNA Typing Svstems and Microbial
Forensics

DNA Databases

Interpretation and Statistical Weight of DNA
Typing Results

General Reviews



One Measure of Impact in a Scientific Field
Relates to Citation of Your Work by Others

8 million scientists
(published between 1960 and 2019)

SCOPUS database (Jan 1996 to Dec 2019)

22 categories
176 subcategories

10,158

in subcategory
Forensic Science
& Legal Medicine

Top 2% = 215

Top Ten

@TPLOS | BloLoGY

2019

PLOS BIOLOGY

2020

Wi

2021

COMMUNITY PAGE
A standardized citation metrics author
cdatabase annotated for scientific field

John P. A. loannidis: " *, Jeroen Baas -, Richard Klavans”, Kevin W. Boyack "

1 Degartrmants of Medicing, Health Research and Policy, Biomadical Data Scaence, and Statistics and Mota-
Raseanch Innovation Center at Stantord {METRICE), Stanford University, Stanford, Califormia, Unifed States
of Amarca, 2 Research Intelligancs, Blsevier B.Y., Amsterdam, tha Mathedands, 3 SaTech Stratagies, Inc.,
Wayne, Pennsylvania, United States of Amernca, 4 SciTech Stralegles, inc., Albuguemue, New Mexico,
Unitad States of Amenca

® [anned 8 sinkon e

FORMAL COMMENT

Updated science-wide author databases of
standardized citation indicators

John P, A. loannidis 2%, Kevin W, Boyack®, Jeroen Baas®

1 Department of Modicss, Staniord University, Stantord, Calitomia, United States of Amenica, 2 Departmaent
of Epidemiology and Population Healih, Standord University, Stanford, Califomia, Uinited States of Amanica,

3 Depariment of Blomedical Data Science, Stanford University, Stanford, California, United States of
America, 4 Meta-Research Innovation Center at Stantord (METRICS). Stanford University, Stanford,
Calomia, United States of America, § SciTech Strategies, Inc., Albuguergue, Mew Mexico, United States of
Arminica, B Reseach Intalligence, Elsevier BV, Amstendam, the Netheriands

* jioannsd @ stanford edu

International loumal a.‘Légal Medicime (20215 135701 =707
hittpsy fdodorgd 1001007/ 5004 14-020-02491-x

ORIGINAL ARTICLE

Scientometric evaluation of highly cited scientists in the field
of forensic science and legal medicine

Alan Wayne Jones '

Reveved: 10 November 2020 / Accepted: 15 Decernber 2020 / Publiched online: 2 January 2021
U The fusthar(s) 2021




Jones, A.W. (2021) Scientometric evaluation of highly cited scientists in the field of forensic science and legal
medicine. International Journal of Legal Medicine 135: 701-707. [published online January 2, 2021]

Top Ten Most Highly Cited Scientists in Forensic Science and Legal Medicine

Table3  The top ten most highly cited scientists in forensic science and legal medicine among the most highly cited scientists in all scientific disciplines
derived from the PLoS Biology article reference [13]

Scientist Institute/university Country Paper count  Publication years Rank'  Composite score”
(with self-cites)

Kintz, P. University of Strasbourg France 500 1988-2020 10321 4.14 (4.20)
DNA Gill, P. University of Oslo Norway 188 1989-2020 16.824 4.01 (4.07)
DNA Kayser, M. Erasmus MC, Netherlands Netherlands 283 1995-2020 19.499 397 (4.06)
Diisiiies, OF,  Motiash University NISTisfirstfrom | =, . coolia 285 1976-2020 19.623 397 (3.99)
the United States
Jones, AW. University of Linkoping and the only Sweden 294 1974-2019 20.065 3.96 (4.04)
Byard, RW. University of Adelaide government lab Australia 887 1985-2020 20,467 3.95(4.19)
DNA Butler, IM. National Institute of Standards and Technology USA 144 1994-2020 22,793 392 (3.97)
DNA Budowle, B. University of North Texas Health Sciences Center  USA 566 1981-2020 24,019 391 (3.98)
DNA Brinkmann, B.  Institute of Forensic Genetics Germany 455 1969-2015 27391 38T (3.91)
Madea, B. University of Bonn Germany 730 1984-2020 27,949 386 (3.95)

! Rank among the top 100,000 most highly cited scientists in all disciplines
 Composite score was derived from six citation metrics: (i) total citations, (ii) H-index. (iii) H-index adjusted for co-authorship, (iv) citations to single-

author papers, (v) citations to single- or first-author papers, (vi) citations to smgle-, first-, or last-author papers

Based on articles published from 1960 to 2019 for 8 million scientists (those with 25 publications)


https://link.springer.com/article/10.1007/s00414-020-02491-x

My Early Scientific Career Benefited
from Straddling Two Disciplines

Analytical
Chemistry

Molecular
Biology

My first two presentations were to very
different audiences:

1.

Talk at Fourth Annual Frederick Conference on
Capillary Electrophoresis (Frederick, MD),
October 20, 1993, “Quantitation of PCR
Amplified Mitochondrial DNA by Capillary
Electrophoresis (CE)”

Talk at American Academy of Forensic
Sciences (San Antonio, TX), February 19, 1994,
“Quantitation of PCR Amplified Mitochondrial
DNA by Capillary Electrophoresis (CE)”

Being comfortable with and operating
in multiple domains has made me a
more well-rounded scientist and a
better communicator



In the home of one of the first
~ forensic analytical chemists

February 2015
221 B Baker Street, London

Looklng for ewdence of
Sherlock Holmes’ DNA at his

apartment |n London




“Seeing” Forensic DNA: Steps in Testing

SAMPLE

Gathering the Data Understanding Results Obtained

\ Collection/Storage/ \ Extraction/ Amplification/ \ Separation/ Data Compare Report
Characterization Quantitation ~ Marker Sets Detection QK & Stats P

Blood Stain Buccal swab

DNA Extraction
& Quantitation

Sample Collection
& Storage

———————

Measurement Interpretation

Report

Forensic DNA Markers Tested:
Short Tandem Repeats (STRs)

GATA | GATA/ GATA

Allele 9

Issued

< 40002 h
2000 - LA
< 0 [13]]15]
< _ 14][ 18]
T— e "
m Male: 13,14-15,16-...

. Data Interpretation,
CE W'th. LIF Statistics & Reporting
Detection

Multiplex PCR
Amplification of
STR Markers

B - Probabilistic

Genotyping
Software

GeneMapper/D-X STlexTM
GeneAmp 9700 Genetic Analyzer  GeneMarker HID
Thermal Cycler capillary electrophoresis ~ software TrueAllele®

ABI 3500



Chemistry Involved in Forensic DNA Typing

100 125 150 175 200 225 250 275 200 225

* Biochemistry — DNA extraction; enzymatic
amplification (polymerase chain reaction, PCR) XY

H3 D8 Red peaks from
THO1 A D16 size standard

* Organic chemistry - fluorescent dye synthesis and
oligonucleotide (PCR primer) synthesis

* Inorganic chemistry - buffer salts; enzyme cofactors (Mg)

X,Y=>>male X)Y Amelogenin

* Physical chemistry — PCR primer annealing due to kinetics
and thermodynamics of multiplex PCR reaction

16,17 D351358
17,18 VWA (chr 12)
10,12 D165539

DNA profile 22,23 D251338

. i _ . - 12,14  D8S1179

* Analytical chemistry - size-based electrophoretic from STR loci 2830 D215
separations with capillary electrophoresis and sieving polymers; 14,16  D18S51
fluorescent dye spectral emission matrix deconvolution 12,14  D195433

6,6 THO1 (chr11)
21,22 FGA (chr 4)



https://www.amazon.com/Understanding-Forensic-DNA-Life/dp/100904401X/

Understanding Forensic DNA

UNDERSTANDING

FORENSIC DNA

SUZANNE BELL & JOHN BUTLER

Book Chapters

1.

o kw0

© & N O

Biological Identification

Before DNA

First-Generation Forensic DNA
STR Methods and Loci

DNA Analysis and Interpretation: Single-Source
Samples and Simple Mixtures

The Curse of Sensitivity
From Mothers and Fathers
Emerging Technologies
Emerging Issues


https://www.amazon.com/Understanding-Forensic-DNA-Life/dp/100904401X/

Case Stories Shared in Understanding Forensic DNA

Principle Emphasized or Concept Explained

George Rodriguez (ABO typing) 2 Exclusion requires differentiating characteristics
First immigration case with DNA 3 Family members can be connected (familial DNA testing)
1 | First criminal case: Colin Pitchfork 3 First DNA dragnet (The Blooding) and investigation finds a killer
Richard Buckland 3 First exclusion of an innocent man in police custody
Monica Lewinsky’s blue dress 3 DNA testing can even impact a sitting U.S. President
O.J. Simpson 3 Sample collection and handling are crucial
Phantom of Heilbronn 4 DNA-free products are needed to collect, store, and analyze samples
2 | Lukis Anderson 6 Potential indirect transfer matter when using sensitive DNA testing
Amanda Knox 6 Problems with improper collection techniques and touch DNA
3 | Romanovs & Anna Anderson 7 Using mitochondrial DNA to identify historical remains and test claims
4 | Hemings-Jefferson relationship? 7 Using Y-chromosome DNA to assess historical parentage claims
King Richard Il 8 Assessing recovered remains via ancestry and phenotyping DNA
Snowball the cat 8 Using cat DNA to associate a crime with the cat’'s owner
Grim Sleeper 9 Familial searching to catch a killer with association to his son’s DNA
Golden State Killer 9 Using investigative genetic genealogy to locate a serial killer



Areas of Human ldentification with DNA

* Forensic cases -- matching suspect with evidence
» Paternity testing -- identifying father

* Missing persons investigations

 Military DNA “dog tag”

» Convicted offender and arrestee DNA databases

» Mass disasters -- putting pieces back together
 Historical investigations

Involves generation of DNA profiles usually with
the same core STR (short tandem repeat) markers
and then MATCHING TO REFERENCE SAMPLE




Q = K Comparison

Used in Forensic Science

Question i> Known

sample
Forensic Evidence from Crime Suspect(s)
Paternity A”eged Father(S)’ Child’s

testing case DNA Profile DNA Profile



Lessons from the First Case Involving DNA Testing

. . . Lynda Mann (1983)
mmcEneTaSssamell | Describes the first use of DNA (in 1986) to solve a double

rape-homicide case in England; about 5,000 men asked
to give blood or saliva to compare to crime stains

WAMBAUGH « Connection of two crimes (1983 and 1986)

AUTHOR OF FLOATERS

» Use of a DNA database to screen for perpetrator Dawn Ashworth (1986)
(DNA only done on 10% with same blood type as perpetrator)

THE T Exoneration of an innocent suspect (Richard Buckland)

BLOODING « DNA was an investigative tool — did not solve the case by

e e e itself (confession of accomplice led to the killer)

A local baker, Colin Pitchfork, was arrested and his DNA profile matched with the

semen from both murders. In 1988 he was sentenced to life for the two murders. Colin Pitchfork



U.S. National DNA Database
National DNA Index System (NDIS)

* Authorized under DNA Identification Act of 1994

« Since 1998, maintained by FBI Laboratory with input from ~200 local (LDIS) and

state (SDIS) laboratories
» Categories of crimes for inclusion based on state laws

 Laboratories are audited to the FBI Quality Assurance Standards (1998/1999,

2009, 2011, and 2020)
« Uses CODIS (Combined DNA Index System) software

* Requires 20 STR loci to provide a common currency
 Statistics as of October 2021~:

- 14,836,490 offenders 0 L S| | remesto
4,513,955 arrestees ~35% hit rate ) I
1,144,255 forensic profiles 5

- Assisted 574,343 investigations S| Offender it

/\{’ffender Hit’

Crime Profiles (C)

plo

‘Forensic Hit’

*https://le.fbi.gov/science-and-lab-resources/biometrics-and-fingerprints/codis/codis-ndis-statistics



https://le.fbi.gov/science-and-lab-resources/biometrics-and-fingerprints/codis/codis-ndis-statistics

1.

2.

3.

What DNA Testing Can and Cannot Do

Can

Answer the question of who left the DNA
(best results are with high-quantity, single-source DNA)

Confirm a possible genetic relationship with
biological relatives ge.g., paternity testing)

With a different type of testing, assist _
investigations through noting distant family
relationships (e.g., investigative genetic genealogy)

Due to high sensitivity testing, generate DNA
results that may not be relevant to a case
because of contamination or DNA transfer

1.

Cannot

Answer the questions of
when (or how) the DNA
was deposited

Prove that someone did
commit a crime with the
presence of DNA

Prove that someone did not
commit a crime with the
absence of DNA



Lukas Anderson (2012): The Impact of DNA Transfer

Photo by Carlos Chavarria

Photo from Los Gatos-Monte Sereno

Police Department Photo from San Mateo County Crime Laboratory

Lukis Anderson’s DNA was
found on fingernail clippings

In November 2012, a
group of men broke into
a Silicon Valley mansion; from the victim’s right hand
the 66-year-old owner

died after being tied up

Lukis Anderson, a
homeless alcoholic in
nearby San Jose, CA,
was then charged for
the murder of the victim
Raveesh Kumra

[Roland] van Oorschot, the forensic science researcher
whose 1997 paper revolutionized the field, cautions
against disbelieving too much in the power of touch
DNA to solve crimes. ‘I think it's made a huge impact in
a positive way,” he says. “But no one should ever rely
solely on DNA evidence to judge what’s going on.”

https://www.pbs.org/wgbh/frontline/article/framed-for-murder-by-his-own-dna/

Photo by Carlos Chavarria

Photo by Carlos Chavarria

Public defender Kelley
Kulick discovered that
Anderson had been in the
hospital passed out drunk
at the time of the murder

Erin Lunsford of the Los
Gatos-Monte Sereno Police
Department was the lead
investigator in the murder of
Raveesh Kumra

Three hours after picking up Anderson to take \

him to the hospital because he was passed out :
drunk, the same two paramedics responded to '
the Kumra mansion, where they checked the

murder victim’s vitals with the same pulse B
oximeter likely enabling Anderson’s DNA to

transfer to Kumra’s right index fingernail

U,
i

¢
-
> v
Ll

pulse oximeter



https://www.pbs.org/wgbh/frontline/article/framed-for-murder-by-his-own-dna/

DNA Transfer Can Potentially Impact Investigations of Firearms Possession

Only the owner
supposedly handled
this “clean” gun

1 DNA
0.9 from
Gun
0.8 Owner

0.7 -
0.6
0.5
0.4
03
0.2

0.1

Forensic Science Intermational: Genetics 48 (2020) 102355

Contents lists available at ScienceDirect

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsigen

Research paper

DNA transfer to firearms in alternative realistic handling scenarios mn

Annica Gosch, Jan Euteneuer, Johanna Preuf3-Wossner, Cornelius Courts*

Institute of Forensic Medicine, University Medical Center Schleswig-Holstein, Kiel, Germany

Examined DNA ABSTRACT

m ixtu re s from s ki n Firearms are the most relevant items of evidence in gun-related crimes, likely bearing various traces facilitating

an objective reconstruction of the crime. Trace DNA recovered from firearm surfaces might help to identify

co nta ct tra ces of D NA individual(s) having handled the firearm and thereby possibly to link the firearm and the corresponding shooter,

however, the interpretation of DNA traces on handled items can be challenging and requires a detailed un-

recove re d from th ree derstanding of various factors impacting DNA prevalence, transfer, persistence and recovery. Herein, we aimed

at improving our understanding of factors affecting the variability of trace DNA characteristics recovered from

su rfaces of two types firearms handled in gun-related crimes: Skin contact traces were recovered from various outer surfaces of two

types of firearms handled in four realistic, casework-relevant handling scenarios and the corresponding trace

of fi rearms ha n d Ied i n characteristics (DNA yield, number of contributors, relative profile contribution for known and unknown con-

Relative profile contribution

tributors, LRs) were compared. Trace DNA characteristics differed distinctly between handling conditions, 0
fou r real istic firearm and surface types as well as handling individuals and intraindividual deposits emphasizing the wvaria-
J bility and complexity of trace DNA profile composition expected to be recovered from firearms after realistic EaCh teSt was re eated
cas ewo rk_releva nt handling scenarios. The obtained results can provide useful insights for forensic experts evaluating alternative p
activity level propositions in gun-related crimes. three tlmes W[th tWO d[ffe["ent

handling scenarios owner/shooter pairs



Different Inheritance Patterns

Autosomal Markers

= males (X,Y)

Autosomal STR Loci

O = females (X,X)

Father’s
Sperm

Nuclear
DNA .
(passed on in part,

Mitochondrial from all ancestors)

DNA

Father contributes: 22 autosomes (1 of each pair), Xor Y
Mother contributes: 22 autosomes (1 of each pair), X and mtDNA

22 pairs of autosomes

Lineage Markers

17, 23, or 27 Y-STRs

"
.

MtDNA control region

Y

N N

Y-Chromosome Mitochondrial
(passed on complete, (passed on complete,
but only by sons) but only by daughters)

_______________________________________________________________________________________



Paternity Testing

Example

—

|

8 12
Obligate allele
required by
the true father
8 14
“INCLUDED” | |  Hasa*14”
12 14

“EXCLUDED” M Does not have a “14”

11 12

with an autosomal
genetic marker

Mother

Child

Alleged Father 1

Alleged Father 2



Complicating Factors in Genetic Inheritance

« Recombination with autosomal DNA

» Reshuffling process at each generation (which leads to genetic variation) complicates the
signal observed in the next generation

« Ambiguity increases with the number of generations apart the individuals are that are being
compared
« Random chance of inheritance with autosomal DNA

» Which one of the two parents provides the inherited allele varies with each child
» Overtime the original signal is lost to that portion of the family tree

 Mutations
« Mutations can change inherited alleles (e.g., 15 2> 14 or 15 - 16)
* The more markers tested, the more likely a mutation will be observed
« SNPs mutate less frequently than STRs

Lineage markers (Y-STRs and mtDNA) are not impacted by
recombination or random inheritance issues and are thus helpful in
making “long-distance” associations across multiple generations




The Romanovs — Russia’s Last Royal Family

Began working on the burial site in July 1991

Olga Tatiana and discovered about 1000 bone fragments

but only 9 skulls whereas 11 people had
been murdered

Gill et al. (1994) Nature Genrg}‘.iﬁ(Z):130-135

Identification of the remains of
the Romanov family by DNA

¥y 1 b analysis
P g ((oTsar
H Tsarina . NIC,IOIai " . g - P.e:te‘r Gill‘,P_avel L. Ivanovz,_Colin Kimpton', Rorjne]le lfiercy',Nicola Benson’,
II} AI exa n d ra | { -i | f i Gillian Tully*, [an Evett', Erika Hagelberg® & Kevin Sullivan'
”ﬁ"-‘" T - v i Follow-up article: Ivanov et al. (1996) Mitochondrial
S (A ! Y~ : DNA sequence heteroplasmy in the Grand Duke of
_a > ¥ : ' ussia Georgij Romanov establishes the authenticity
_ %) ,i R G R tablishes the authenticit
R A\ _. _ of the remains of Tsar Nicholas Il. Nature Genet.
. P \ | 12(4):417-420
.I' T '. F I ] | = ]
g Alexei But the remains of son Alexei and one

of the daughters (Anastasia or Maria)
were not originally recovered

Photo taken in 1913 five years before they were killed
on July 17, 1918, by the Bolsheviks (the Red Army)



The Romanovs (Last Russian Czar) were
originally identified using mitochondrial DNA

Louise of
16169T/C
_ Hesse-Cassel

16169T/C

Georgij
Romanov

. |Il*l I'.- \
- Tsarﬁ ‘ Tsarina

Nicholas Il Alexandra RomanOV RemainS Laid tO

Rest on July 17, 1998

‘ ‘ ‘ é) m (80 years to the day they were killed)

itotyp Mitotype Prince Phili
“1”2%68 16111T Duke of EdinbErgh
16169T 16357C
Xenia Cheremeteff- 16294T 263G
Sfiri 16296 T 315.1C
73G
263G . _ _ N
315.1C SOURCES: Gill et al. (1994) Nature Genetics, 6, Prince Philip (Queen
130-135.; lvanov et al. (1996) Nature Genetics, 12, Elizabeth’s husband)
417-420; Stone, R. (2004) Science, 303, 753. was a maternal relative

to Tsarina Alexandra



was likely Franziska Schanzkowska

http://en.wikipedia.org/wiki/Anna Anderson

Died in 1984 in

K: Charlottesville

Charlottesville resident Anna Anderson Manahan

The DNA tests showed that Anderson's DNA did not
match the Romanov remains or Prince Philip, Duke of
Edinburgh (a relative of the Romanovs), but was
consistent with the mitochondrial DNA profile of Karl

Maucher, a great-nephew of Franziska Schanzkowska

Romanov & Anderson &
Prince Philip Maucher
Mitotype Mitotype
16111T 16126C
16357C 16266 T
16294T
263G 16304C

315.1C

Establishing the identity of

Anna Anderson Manahan

Sir — The 70-year controversy
surrounding the identity of Anna
Anderson Manahan has been
remarkable in capturing the
imagination of so many people.
Supporters of her claim said that she
was the Duchess Amastasia, daughter
of Tsar Nicholas Il and had
dramatically escaped execution by a
Rolshevik firing squad on July 16th,
1918, Dhshelievers denied the claim,
butcould notestablish hertroe identiry.

Abaut the same time, Anna Anderson
appeared and claimed 1o be the Royal
[hichess Anastasia.

Following the Forensic Science
Service (F55) work last year' to
identify the remains of the Tsar and
his family, the F535 and the Armed
Forces Institute of Pathology (AFIP)
were asked to carry out independent
analyses on small bowel samples
removed from Anna Anderson

Manahan during the courseof surgery

[N A profiles analysed from bones of
the Tsar and Tsarina {Table 1); four
out of five different S5TRs were
inconsistent with the hypothesis of
parentage. In addition, we carried out
sex typing of the tissue using the
amelogenin test’.

The non-coding region of miDNA
was sequenced and compared fo a
blood sample donated by HRH the
Duke of Edinburgh, a direct maternal
descendant of the Tsarina. We found

Stoneking et al. (1995) Establishing the identity of
Anna Anderson Manahan. Nature Genet. 9(1):9-10


http://upload.wikimedia.org/wikipedia/en/7/78/Annaan.JPG
http://en.wikipedia.org/wiki/Anna_Anderson

Some of the Recovered Remains from One Sample is Male

] . . and the Other Female
Grave Site Discovered in July 2007
Sample 146

C01_130_1 f2a |u|
AMEL [OZ81338
a0 100 110 120

2000

1600

o0

00

4k L
The DNA evidence is
5.63 million times
more likely IF
samples 146 and 147 Sample 147

are siblings than if s e
[AMIEL [D2Si3sE
these samples were G
from two unrelated
individuals
EKATEPMHEYPIT CEVEORE . W - x- N .
ME mﬁ Al DI ]Km 053
A few of the charred bone fragments + one nail Data courtesy of Mike Coble

(Armed Forces DNA Identification Laboratory)



Can These Remains be Children of Tsar Nicholas Il
and Tsarina Alexandra?

Table 1 STR genotypes® for the nine skeletons

Skeleton HUMVWA/31  HUMTHO1  HUMF13A1  HUMFES/FPS HUMACTBP2
1 (servant) 14,20 9.10 6,16 10,11 ND
2 {doctor) 1717 8,10 57 10,11 11,30
3 (child) 15,16 8,10 5,7 12,13 11,32
4 (Tsar) 15,16 7,10 7.7 12,12 11,32
5 (child) 15,16 7.8 57 12,13 11,36
6 (child) 15,16 8,10 3,7 12,13 32,36
7 (Tsarina) 15,16 8.8 3.5 12,13 32,36
8 (servant) 15,17 6.9 5,7 8,10 ND
9 servant) 16,17 6.6 6,7 11,12 ND

*Allele designation for all loci except HUMACTBP2 s based on the number of repaat units
(determined by sequencing of specific alleles — data not shown). The allele designation for
HUMACTBP2 Is based on an arbitrary scale identical to that of Kimpton et al.%.

Mature Genetics volume 6. february 1994 Gl” et al. (1994)

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)
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Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)
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Tsar Tsarina
Nicholas Il Alexandra

Olga Tatiana Maria Anastasia Alexei

It is 4.36 trillion times more likely IF samples 146.1 and 147 belong
to this family pedigree than if these samples were from two unrelated
individuals selected from the population.



A Living Male Relative Was Found to
Confirm Y-Chromosome Testing Results

Tsar Nicholas |

Mikhail Nikolaevich Tsar Alexander I

Alexander Mikhailovich
(Sandro) Tsar Alexander |l

Andrei Alexandrovich Tsar Nicholas Il

Andrew Andreevich .
(Romanov)

Tsarevich Alexei



100 110 120 120 140 150 1ED 170 180 130 200 210 20 230 240 250 260 270 280 290 300
Alexei ‘
16 24
1192 1673 13
10 110 120 130 140 1350 160 170 180 130 i} i D 30 240 S0 0 T0 280 a0 300

Tsar
Nicholas Il

6
3758 2560 166

%]

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)
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Article published in March 2009

OPEN (3 ACCESS Freely available online http://www.plosone.org <" PLoS one

Mystery Solved: The Identification of the Two Missing
Romanov Children Using DNA Analysis

Michael D. Coble'™, Odile M. Loreille'®, Mark J. Wadhams', Suni M. Edson’, Kerry Maynard', Carna E.
Mevyer', Harald Niederstatter?, Cordula Berger?, Burkhard Berger?, Anthony B. Falsetti’, Peter Gill*®,
Walther Parson?, Louis N. Finelli®

1 Armed Forces DNA Identification Laboratory, Armed Forces Institute of Pathology, Rockville, Maryland, United States of America, 2 Institute of Legal Medicine, Innsbruck
Medical University, Innsbrudk, Austria, 3 University of Florida, Gainesville, Florida, United States of America, 4 Depatment of Pure and Applied Chemistry, University of
Strathclyde, Glasgow, United Kingdom, 5§ Institute of Forensic Medidne, University of Oslo, Oslo, Norway



Genetic Genealogy

* Y-chromosome testing (since ~2000)
e surname connections
* FamilyTree DNA

« mtDNA testing (since ~2000)

» Looking at human migration patterns through history (e.g., Genographic Project)
* FamilyTree DNA, Oxford Ancestors

« Autosomal SNP testing (since ~2010)

» Ancestry, 23andMe, My Heritage, FamilyTree DNA
« >40 million people have contributed samples
« Works well for connecting close cousins (up to 3 and sometimes 4t cousins)

* Since Golden State Killer identified in 2018, >400 cold cases have been solved

Forensic/lnvestigative Genetic Genealogy (FIGG, FGG, IGG)



Capabilities and Limitations of DNA Testing:
A Case Study with Thomas Jefferson



http://dervan.caltech.edu/dervan.html

“Pay attention to your data!”

Peter Dervan October 4, 1993

California Institute of Technology UVA Department of Chemistry Seminar
Professor of Bioorganic Chemistry

As a young graduate student, | was taught an important lesson in a scientific seminar that | attended at the
University of Virginia. A prominent bioorganic chemist from Cal Tech named Peter Dervan came to our chemistry
department and spoke to a handful of students and professors. During the seminar, Professor Dervan shared a
story where he and one of his graduate students made an important discovery that did not seem to make sense
at the time. The experiments were repeated and again the results were reproduced but were unexpected.
Rather than throwing out the data because he could not explain it, Professor Dervan decided to examine
it and consider it more carefully. Because he was attentive to detail, trusted in the ability of his student
to correctly collect information from the experiment, and had a desire to pursue the truth wherever it
might lead, a significant discovery was made, and knowledge was advanced in the area of nucleic acid
chemistry. While | frankly do not remember the details of the scientific advancement made, | came away from
that seminar with a phrase that has impacted me ever since—"Pay attention to your data!”

W Professor Dervan was a 2006 Recipient of the National Medal of Science
=~ (his wife Jacqueline Barton received the National Medal of Science in 2010)

“In research, what’s important is not the answer, it’s finding the right questions.” — Peter Dervan
“At the beginning, it’s detective work--having a puzzle, a problem to solve.” — Jacqueline Barton



https://www.nsf.gov/news/special_reports/medalofscience50/dervan.jsp
https://www.nsf.gov/news/special_reports/medalofscience50/barton.jsp

Background Information on Individuals of Interest

 Thomas Jefferson (TJ) (1743-1826): “Father of the University of Virginia”

« With his wife Martha (Wayles) had six children before her death in 1782
« Only two children, both daughters, lived to adulthood: Martha (Randolph) and Mary (Eppes)

Sally Hemings (SH) (1773-1835)

* An enslaved woman; half sister to Martha Wayles; to Paris in 1786 (at age 14) to assist TJ's daughters
« Lived at Monticello until freed (along with other family members); died in Charlottesville; gravesite unknown

* Had 6+ children: , Harriet | (1795-97), Beverly (1798-1822+), , Harriet ||
(1801-1822+), Madison (1805-1877), Eston (1808-1856) :
James Callender 1802 claim: “[TJ] has kept, as
« Thomas Woodson (1790-1879) his concubine, one of his own slaves. Her name is

« His family claimed he was son of SH with TJ as his father SALLY. The name of her eldest son is TOM...”

(The [Richmond] Recorder, Sept 1, 1802)
Peter Carr (1770-1815) & Samuel Carr (1771-1855)

* Nephews of Thomas Jefferson (sons of his sister); regular visitors to Monticello
« Jefferson’s grandchildren later claimed either were the father of SH’s children

Randolph Jefferson (1755-1815): younger brother of TJ; had 5 sons (4 of them ages 17 to 25 in 1807)
» Not considered in 1998 DNA study; would have the same Y-chromosome as TJ as would his 5 sons
» Lived ~20 miles from Monticello; would/could have visited when TJ was present

Question of Interest: Who fathered Sally Hemings’ children? Can DNA data help answer?



Nov 1998

bere is & long-standing historcal contao-

versy over the question of US President
Thomas Jefferson’s paternity of the children
of Salty Hemings, one of his skaves' . To
throw some scientific light on the dispute,
we hme compared Y-chromosomal DNA
haptotypes from male-line descendants of
Field lefferson, a paternal uncle of Thommas
lefferson, with those of male-line descen-
dants of Thomas Woodson, Sally Hemings'
putative fizst son, and of Eston Hemings Jef-
fersom, her last son. The molecular findings
£ail to support the belief that Thomas feffer-
son was Thomas Woodson's father, but pro-
vide evidence thal he was the biological
father of Eston Hemings Jefferson.

In 1802, President Thomas Jefferson was
acoused of having Bthered a child, Tom, by
Sally Hermngs'. Tom was said 1o have been
born in [79), soon after Jefferson and Sally
Hemings miumed from France where he
had been minister. Present-day members of
the African—American Woodson  family
believe that Thomas Jefferson was the father
of Thomas Woodson, whose name comss
from his later owner'. No known docu-
menis sppport this vies:

Sally Hemings had at least foor mone
children. Her last som, Eston {borm in FRORY,
is saud to have borne a striking resemblance
to Theomeas Jefferson, and entered white soci-
ety in Madison, Wisconsin, as Eston Hem-
ings feffemson. Although Eston’s descendants
balieve that Thomas Jefferson was Eston's
father, most Jefferson scholars give more
credence to the oral tradition of the descen-
dants of Mariha Jeferson Randolph, the
president’s daughter. They believe that Sally
Hemings' later children, incloding Eston,
were fathered by either Samuel or Peter
Carr, soms of lefferson’s sister, which would
cxplain their resemblance o the president.

Becmgse mast of the Y chromosome &
passed unchanged from father to son, apart
from occasional mufations, DNA anabvis of
the ¥ chromosome can reveal whether or
not individuals are [kely to be male-lme rei-
atives. We therefore anafysed DNA from the
Y chmomosemes of: five malke-line descen-
danis of two sons of the president's paternal
uncie, Field Jefferson; five mabe-line descen-
dants of two sons of Thomas Woodson: one
make-line descendant of Eston Hemings
lefferson: and three mabe-line descendants
of three sons of fohn Carr, grandfather
of Sarmel and Peler Carr (Fig, lal No
Y-chromosome data were avaitable from
make-line descendants of President Thoameas
leffersom becmase he had no surviving sons.

Seven bi-allelic markers (refs 7-12),
eleven microsstedlites (ref. 13) snd the mini-
satellile MSY1 (ref 14) were snabysed {Fig.
It). Four of the five descendants of Field

WATURE | V09396 | 5 NOVEMIER 1996 | wrpnature com

lefferson shared the same haplotype at all
loci, and the fifth differed by omly a single
umt at one micrsatedlite locos, probably a
mmutation. This haplotype is rare i the pop-
ulstion, where the average frequency of a
microsstellite haplotype 8 about 1.5 per
cent. Indeed, it has never been observed out-
sxde the fefferson family, and it has not been
found m 670 European men (more than
1,200 worldwide} tvped with the microsatel-
lites or 308 Exropean men (690 worldwide)
byped with MEYL.

Four of the five male-line descendants of
Thomas Woodson shared a haplotype (with
one MSY] variant} that was not similar to
the Y chromosome of Fickd lefferson but was
characterstic of Europeans. The fifih Wood-
son descemdant had an entirely different
haplotype, most often seen in sub-Szharan
Africans, which indicates illepitimacy in the
line after individoal W42 In contrast, the
descendant of Eston Hemings lefferson did

a Ancasiry

Faur—Pmsidas Thomas ktomon

- EE
Thomas z
L 5-].P—J?[I~[
) BI-EE——
e {1 - 6= 57 T
e
Jia 27318 -JE{
A
ERY __ eatn HHOS FHE HIP———— iy
Homing

Tnomas-06 -CT—=0W-0F — =7
ichn Dhatinery- 08 013 2524 B8 ———— g

o Cugrion CF-C12-C20 - C3e- 38-C30-CH
Wal—WEE
WE- T 4[
WL R
Liowin—,
WhT—WED
Thoras .
Wodann RSt
WEE—WT
e — W WED -WaE—— W

scientific corresEndance
\efferson fathered slave's last child

haye the Field lefferson hapbotype. The hap-
lotypes of twe of the descendants of John
Carr were identical the third differed by
one step 3l one microsatellite locas and by
one slep in the MSY 1 code. The Carr haplo-
types differed markedly from those of the
descendants of Fickd lefferson.

The simplest and most probable expla-
nations for our modecular findings are that
Thomas Jefferson, rather than one of the
Carr brothers, was the father of Eston Hem-
ings Jefferson, and that Thomas Woodson
wii not Thomas lefferson’s son. The fre
gquency of the Jefferson haplotype s less
than .1 per cent, 2 resall that is at least 100
times more likely if the president was the
father of Eston Hemings leffersom than if
somenne unrelated was the father.

We cannol completely rube out other
explanations of our findings based om ifle-
pitimeacy in varbous lines of descent. For
example, a male-line descendant of Field
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My Thoughts

* DNA testing was performed by the top
research laboratories in the world at
the time for Y-chromosome analysis

* Chris Tyler-Smith then at Oxford (UK),
recently retired from Sanger Institute

* Mark Jobling at University of Leicester
(UK)

» Peter de Knijff at Leiden University
(Holland)

| have met each of these scientists at
meetings over the last 24 years and we
occasionally have contact via emall

| trust the accuracy of their DNA test
results (measurements, not necessatrily
the interpretation of their meaning)

* There are limitations with Y-chromosome
testing as males from the same lineage
usually cannot be resolved from one
another (unless a mutation occurs...)



Male Relatives Have the Same Y-Chromosome Results

17 Y-STR markers  DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS DYS GATA
examined 19 385a 385b 3891 38911 390 391 392 393 437 438 439 448 456 458 635 -H4

Me 14 11 15 13 29 24 11 13 13 15 12 13 19 17 18 23 12
My
father
My 1st
son
My 2nd
son
My 1st
brother
My 2nd
brother
My 3rd
brother
My 4th
brother
My 1st
nephew
My 2nd
nephew
My 3rd
nephew
My 4th
nephew

My DNA results with 11 male relatives



How Many Butler Y-chromosomes Are Out There?

John M. Butler
Katherine Butler Gettings e

NIST Applled Genetics GrOUp . . ,_ hl.l.:" f_.- _Jr -" 7 ; NIST SpeCIaI F’rogramS Office

Some interesting points:

1.
2.

Katherine’s father possesses an identical Yfiler 17-locus profile to John

The first known Butler in John’s lineage came to Virginia in the early 1700s — Katherine’s family has
been in Virginia since about the same time

Based on review of what they know from their family histories, they cannot be closer than sixth or
seventh cousins (their 5" great-grandfathers differ)

Potentially thousands of male Butlers have this same Yfiler haplotype - or one very
similar due to mutation at individual Y-STR loci

A YHRD search (conducted in Sept 2022) results in a value of 2 out of 283,483 Yfiler profiles,
which does not reflect the true haplotype frequency in the world (and especially Virginia)




Some News Articles in November 1998

Che New Hork Eimes

DNA Test Finds Evidence
Of Jefferson Child by Slave

By Dinitia Smith and Nicholas Wade

November 1, 1998
Section 1, Page 1

DNA tests on the descendants of Thomas
Jefferson's family and of Jefferson's young
slave, Sally Hemings, offer compelling
evidence that the nation's third President
fathered at least one of her children,
according to an article in the scientific journal
Nature.

The report is based on blood samples
collected by Eugene A. Foster of
Charlottesville, Va., a retired Tufts University
professor of pathology...

The Washington Post

Tests Link Jefferson,
Slave's Son

By Leef Smith
Sunday, November 1, 1998
Page AO1

Genetic testing shows that
Thomas Jefferson almost certainly

fathered a child with one of his
slaves, Sally Hemings, according to
scientists who argue that their
results come as close as possible to
solving one of history's most
enduring and contentious
mysteries...

LD INE V!

When a Saint
Becomes a Sinner

By Joseph J. Ellis
November 9, 1998, pp. 67-68

The DNA evidence proves that
Jefferson had a long-term sexual
relationship with his mulatto slave
Sally. For the several hundred
Hemings descendants, this news
confirms the stories they have
been passing through the
generations. Among scholars, the
acceptance of a Jefferson-Hemings
liaison has been gaining ground...
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‘...after five years mulling over the
huge cache of evidence that does
exist on the thought and character of
the historical Jefferson, | have
concluded that the likelihood of a
liaison with Sally Hemings is
remote” (from pp. 303-307)

https://www.pbs.org/wgbh/pages/frontline/
shows/jefferson/cron/1996sphinx.html

n ews and views

Nov 1998 |n Nature

Founding father

Eric S. Lander anqlusegh J. Ellis |
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Almost two hundred years ago Thomas Jefferson was alleged to have
fathered a children by his slave Sally Hemings. The charges have
remained controversial. Now, DNA analysis confirms that Jefferson was

lndeed the father uf at least one of Hemlngs chlldren.
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|86, There is no evidence of what tran.  (set of specific variants) Sl they carry.  the case that Jefierson was Fston Hemings while add g a dimensian ofhypocr [T ——— T

spired there, bt Hemings retyrmed i the
Unated States with fefiersanin [725, and she
eventuaily bore at least five children, sarting
with Tom in I 79} and ending with Eston in
B0,

Al loz<t three pieces of evidence sopporta
relationship between fefierson and Hem-

imgs. First, several of the children bore a

FLTUTRE [WOHL 10 SRITTERITIEN PPN | srdrwy nesarroom

Rezmrchers from several lxboratories have
identified a collection of miftzhle markers
from the ¥ chromosome over the past two
years, and 1his collection is now foedling an
exphosion in male-line grnetic stodies.
Foster & ai.' sxamined a haplotype oon-
taiming 1% potymorphic markems: |efferson’s
haplotype {mferred from male-lEne descen-

Fignre | Thomas ieferson

TE 7431 8261, Ehend pressdent
of the United States. DA
nalvsis by Faster eral
shovs that he fathered al least
one child by bis slave, Sally
Hemings.

Father.

Interestingly, leferson’s haplotype does
not maich male descendants of Sally's Grst
som, Tom Woodson. The smplest et|:.l an.
tion isthat Jefferson was not Tom's Father. An
altermative explanation would require non-
paternibis amang Tom's offspring. The ey
remainsoatwith respect inSally sother chil-
dren, ba the borden of proof hes cleardy
shifted.

Mothing in Foster and cofl=agnes” stady,
and nothing m the vast higorics] literalnre,
sheds amy light on the character of the rela-
tioniship between leffersea and Sally Hem
ings. Was it, as his conlemporary critics
charged, 2 tale of lnstand rape? Wasit, assev.
el twentisth- comtary scholars and novel-
ists have sapgected, 2 love sory maoted in
mzinal affectson? Or was it something in-
between? These quastions are apen to v
less mesrpretation but, in a broader sense,
the new findings give lacks and whites alike
an opporimmity 1o mnfront a largey ssoet,
shared history:

Pofitically, the Thomas Jefferson verdict
is likely to fignre in opooming mpeachment
hemrings oo William keferson Climton's sex-
mal indiscretions, in which DNA l=sting has
slen played o rle. The parallsls sre hardiy
perfect, but somiearesiriking Both ‘Tnprop
er’ relatiomships imolved women abont 18
years yrunger — although there is a world of
difference between a slave and master ak the
diose of the sightrenth cemtary, and a White
Hons intern and 2 married man at the end

13



https://www.pbs.org/wgbh/pages/frontline/shows/jefferson/cron/1996sphinx.html

SCIENCE
8 Jan 1999

SClence Vol 283, Issue 5399
pp. 153-155
AVAAAS https://www.science.org/doi/10.1126/science.283.5399.153a

“Contrary to headlines that splashed across the
country in November, there is no conclusive proof
that former U.S. President Thomas Jefferson fathered
an illegitimate child by his slave Sally Hemings. At
least five of his family members are candidates for

paternity of Sally's child, researchers admit in a letter
in tomorrow's issue of Nature.”

By Eliot Marshall | Jan. 6, 1999 , 7:00 PM

https://www.science.org/content/article/thomas-jefferson-hook
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bere is a long-standing historcal contro-

versy over the question of US President
Thomas Jefferson’s paternity of the children
of Salty Hemings, one of his skaves' . To
throw some scientific light on the dispute,
we hme compared Y-chromosomal DNA
haptotypes from male-line descendants of
Field lefferson, a paternal uncle of Thommas
Jefferson, with those of male-line descen-
dants of Thomsas Woodson, Sally Hemings'
putative fizst son, and of Eston Hemings Jef-
fersom, her bast son. The moleoular findings
£ail to support the belief that Thomas feffer-
son was Thomas Woodson's father, but pro-
vide evidence thal he was the biological
father of Eston Hemings Jefferson.

In 1802, President Thomas Jefferson was
acoused of having Bthered a child, Tom, by
Salfy Hemings®. Tom was said 1o have been
born i 17940, soon after lefferson and Sally
Hemings miumed from France where he
had been minister. Present-day members of
the African-American Woodson  Family
believe that Thomas Jefferson was the father
of Thomas Woodson, whose name comes
from his later owner'. No known docu-
menis sppport this vies,

Sally Hemings had at least foor mone
children. Her last som, Eston {borm in FRORY,
is saud to have borne a striking resemblance
to Theomeas Jefferson, and entered white soci-
ety in Madison, Wisconsin, as Eston Hem-
ings feffemson. Although Eston’s descendants
balieve that Thomas Jefferson was Eston’s
father, most fefferson scholars give maore
credence to the oral tradition of the descen-
dants of Mariha Jeffeson Randolph, the
president’s daughter. They believe that Sally
Hemings' later children, incloding Eston,
were fathered by either Samuel or Peter
Carr, soms of lefferson’s sister, which would
cxplain their resemblance o the president.

Becmgse mast of the ¥ chromosome &
passed unchanmged from father to son, apart
from occasional mufations, DNA anabvis of
the ¥ chromosome can reveal whether or
not individuals are likefy to be mabe-line ref-
atives. We therefore anafysed DNA from the
Y chmmosemes of: five male-line descen-
danis of two sons of the president's paternal
uncie, Field Jefferson; five mabe-line descen-
dants of two sons of Thomas Woodson: one
make-line descendant of Eston Hemings
lefferson: and three mabe-line descendants
of three sons of fohn Carr, grandfather
of Sarmel and Peler Carr (Fig, lal No
Y-chromosome data were avaitable from
make-line descendants of President Thoameas
leffersom becmase he had no surviving sons.

Seven bi-allelic markers (refs 7-12),
eleven microsstedlites (ref. 13) snd the mini-
satellile MSY1 (ref 14) were snabysed {Fig.
It). Four of the five descendants of Field
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lefferson shared the same haplotype at all
loci, and the fifth differed by only a single
umt at one micrsatedlite locus, probably a
mmutation. This haplotype is rare i the pop-
ulstion, where the average frequency of a
microsatellite haplotype is about 1.5 per
cent. Indeed, it has never been observed oul-
sxde the fefferson family, and it has not been
found m 670 European men (more than
1,200 worldwide} tvped with the microsatel-
lites or 308 Exropean men (690 worldwide)
byped with MEYL.

Four of the five male-line descendants of
Thomas Woodson shared a haplotype (with
one MSY1 variant} that was not similar o
the Y chromosome of Fickd lefferson but was
characterstic of Europeans. The fifih Wood-
son descemdant had an entirely different
haplotype, most often seen in sub-Szharan
Africans, which indicates illepitimacy in the
line after individoal W42 In contrast, the
descendant of Eston Hemings lefferson did

a Ancestry
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\efferson fathered slave's last child

haye the Field fefferson haplotype. The hap-
lotypes of twe of the descendants of John
Carr were identical the third differed by
one step 3t one microsatellite locas and by
one slep in the MSY1 code. The Carr haplo-
types differed markedly from those of the
descendants of Fickd lefferson.

The simplest and most probable expla-
nations for our moedecular findings ane that
Thomas Jefferson, rather than one of the
Carr brothers, was the father of Eston Hem-
ings Jefferson, and that Thomas Woodson
wii not Thomas lefferson’s son. The fre-
gquency of the Jefferson haplotype s less
than .1 per cent, 2 resall that is at least 100
times more likely if the president was the
father of Eston Hemings Jefferson than if
somenne unrelated was the father.

We cannol completely rube out other
explanations of our findings based om ille-
gitimeacy in varbous fines of descent. For
example, 8 male-line descendant of Field
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Follow-Up Articles

(not discussed by media)

lefferson could possibly have illegitimately
fathered an ancestor of the presumed male-
line descendant of Eston, But in the absence
of historical evidence to support such possi-
bilities, wie consider them 1o be unlikely,
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scientific correspondence

The Thomas Jefferson
paternity case

The DMA analysis of ¥-chromosome haplo-
types nsed by Foster et al' to evalate
Thomas Jefferson’s alleged patermity of
Eston Hemings Jeffersom, the last child of
his slave Sally Hemings, is impressive. How-
ever, the authors did not consider afl the
data al hand in interpreting their resits.
Mo mention was made of Thomas Jeffer-

san’s brother Randolph (17571815}, of of

his five soms ~. Soms of Sally Hemings con-
geived by Randolph {or by one of his sonsy
wioald produce a Y-chromosoms anabysis
identical to that described by Foster e al
Further collaborative data {for example, the
wheereahonts of any of those who might have
been imvolved at conception} are neoded to
confirm that Jefferson did indeed father his
slave’s last child, a5 claimed in the title. We
know Thomas lefferson was there, but how
abount Randolph fefferson and his sons?
Dravid M. Abbey

Hewldy Sciemre Center, Universizy of Coloradn,

1512 Teakwood Coarr, Fori Collins,

Coforado BUS25, LISA

e-manil: dabbey | 0 kFanLoom

If the data of Foster et ail. are accurate, then
amy male ancestor in Thomas lefferson’s
line, white or black, could have fathersd
Eston Hemings. Plantations were inbred
communitis, and the mixing of racial types
was probably common. As slave families
were passed as property 1o the owner's off-
spring along with land and other property,
it is possible that Thomas fefferson’s father,
prandfather or paternal nnces fathered a
male dave whose line later impregnated
anather slave, in this case Sally Hemings.
Sally herself was a light mulatto, known
even al that time to be Thomas lefferson’s
wile's half sister™.

Gary [havis

Bz Hospigal, 2650 Ridge Avenue,

Evarsumn, liimais S0A01, LSA

Fosier et al. reply — It is troe that men of
Randolph _lefferson’s EE I:EIEE Ee
[athered Sally Hemi later_children,
Space constraints  provented ws  from
expanding on aternative interpretations of

#2© 1999 Macmillan Magazines Lid

Jan 1999 in Nature

our DMNA analysis, inchading the interesting
one proposed by Davis, The tithe assigned 1o
our stody was misleading in that it epre-
sented only the simplest tion of our
molecular findings: namely, that Thomas
Jefferson, rather than one of the Carr broth-
ers, was likely to have been the father of
Eston Hemings Jefferson.

It had been sugpested to us earlier {by
Herbert Barger, who alse helped to recrmit
the descendants of Field lefferson who par-
ticipated in our studyv) that Isham fefferson,
son of Thomas Jefferson’s brother Ran-
dolph, might have been the father of one or
more of Sally Hemings' children. Barger's
proposal was based on a statement’ that
Isham was reared by Thomas Jefferson: he
suggested that Isham could have been af
Monticello or 81 Spowden (Snowden was
across the Jlames River from Scottsville,
which is about 20 miles from Monticello)
when Eston Hemings was conceived. But it
5 not knowm for certain that Isham was at
Monticello at that time, whereas it is doon-
mented that Thomas lefferson was. From
the historical knowledge we have, we can-
not conchede that Isham, or any other
member of the lefferson family, was as likely
as Thomas [efferson to have fathered Eston
Hemings.

We know from the historical and the
x4 data that Thomas lefferson can neither
be definitely exchided nor solely implicated

i the paternity of dlepilimate children with

his slave Sally Hemings. When we embarked

on this m;:' we knew that the resaits could

not be conclosive, but we hoped 1o obtain

some objective data that wounld 1t the

weight of evidence in one direction o

another. We think we have provided such

data amd that the modest, probabilistic

mterpretations we have made are tenable at

present

E. A. Foster*, M. A. lobling{, F. G. Taviort,

P Donnellys, P de Kndjffs, B Misremets,

T. Zerjald, C. Tyler-Smith¥

*& Gildersieeve Wood, Charloaenalle,

Varginia 22003, LIEA

e-mail safosrer@anl com
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Y-chromosome Study with Jefferson-Hemings DNA

Thomas Jefferson Il

Peter Jefferson
64 |*-.,
President "*-.,
Thomas
Jefferson .

00

Martha Mary
(Randolph) (Eppes)

Field Jefferson

Descendants of
his two daughters
who lived to

adulthood do not
carry the
OO O OO  verrersony
Jefferson Jefferson chromosome
Y Haplotype Y Haplotype

Using living relatives prevents exhumations (better
DNA quality); multiple lines verify lineage haplotypes

e

Age in August 1807 when

Eston was conceived
(he was born 21 May 1808)

(TJ’s sister)
Martha Carr

Sally Hemings

O

v
.
‘e

L4 ]

L4 P —_

'1_'.'5.“-'-.-.1

-........... 37 "an 36
Est_on Peter Samuel
Hemings Carr Carr
(TJ’s brother)
Randolph
f Jefferson
52
|
D 25 |21 18| (17| |13
Same Y
Haplotype

Foster et al. (1998)

Did not consider the possibility of
Randolph or his sons who would

have the same Y chromosome

descendants of Field Jefferson.”

“The Carr haplotypes differed

Examined multiple Examined multiple
descendants of descendants of
John Carr Thomas

(Peter and Samuel’s Woodson
paternal grandfather)  (from TJ and SH by
oral family history)

T

7472 | puaad

Different Y Haplotype DifferentY Haplotype

Foster et al. (1998)
“...Thomas Woodson
was not Thomas
Jefferson’s son.”

Foster et al. (1998)

markedly from those of the



Having
Randolph’s
DNA would
be helpful to

fully exclude
him vs. his
older brother
Thomas

Willingness of families
to exhume remains?

https://www.monticello.org/visit/tips

-for-visiting/jefferson-s-gravesite/

Conditions of almost

Monticello Graveyard ]
200-year-old remains?

Charlottesville, Virginia

Eston Hemings

https://www.findagrave.com/memorial/
10606815/eston-hemings-jefferson

Forest Hill Cemetery
Madison, Dane County, Wisconsin
PLOT Section 3, Lot 018, Grave 3


https://www.findagrave.com/memorial/10606815/eston-hemings-jefferson
https://www.monticello.org/visit/tips-for-visiting/jefferson-s-gravesite/

Advocating for a Jefferson-Hemings Relationship

i THOMAS

JEFFERSON ]T%Qmas
{%zéﬁ?fg':::am (¥ JE11erson
= 3 &g Sally

' Hemings

AN AMERICAN CONTHROVEREY

From Author’s Note (pages x and xi) added in 1998
paperbook edition after DNA results became available:

“The DNA test does not prove that the
descendant of Eston Hemings was a direct
descendant of Thomas Jefferson. It does
establish that he is linked to the Jefferson family,
and not to the Carr family.”

“Make no mistake, DNA is important, but it is not
all we have to go on. It is not all we should go
on. The scientific evidence necessarily must be
read along with the existing historical evidence.”

' “If the question is framed as ‘Do we have
| scientific proof that all of Sally Heming'’s children

were fathered by Thomas Jefferson,’ the
answer is no. That is not, | think, the relevant
question for historians. We don’t have scientific

(1997, 1998) proof of Jefferson’s paternity of anyone.”



Arguing Against a Jefferson-Hemings Relationship

THE The Jefferson-Hemings

JEFFERSON-HEMINGS Controversy
MTr H Reporf of the Scholars Commission

AN AMERICAN TRAVESTY
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THE THOMAS JEFFERSON HERITAGE SOQIETY

“An increditla new book that really dastroys the case Ihat Ly

Jartaraon hind o falationstip with Saly Hem ings.” Robert E. Turner
= Jamod MCCliskan, London Linharsey

(2001)

(2011)

13-member Scholars Commission
From summary on page 3

“The question of whether Thomas
Jefferson fathered one or more
children by his slave Sally Hemings
is an issue about which honorable
people can and do disagree. After
a careful review of all of the
evidence, the commission agrees
unanimously that the allegation
is by no means proven; and we
find it regrettable that public
confusion about the 1998 DNA
testing and other evidence has
misled many people...”



Does DNA Prove that Jefferson N O !
Fathered Sally Hemings Children? .

» Based on the Y-chromosome results, any other
male Jefferson at the time could be the father
of Eston Hemings

« Known to be at least 25 male Jeffersons living in
Central Virginia

 Thomas Jefferson’s younger brother Randolph or one
of his sons are possibilities

* The 1998 DNA testing showed that

» Descendants of Peter and Samuel Carr (TJ’s nephews)
cannot be associated with a descendant of Eston Hemings —
invalidating this claim of TJ’s descendants

» Descendants of Thomas Woodson (oral history as TJ and SH
first child) cannot be associated with the Jefferson male
lineage — invalidating this claim of TW’s descendants




Making Sense of Forensic Genetics (2017)

concepts clearly explained in 40 pages * Developed by European Forensic Genetics
. Network of Excellence (EuroForGen-NoE) and
BoASCENCE 0 ER. | G published with Sense about Science

* Free PDF file available for download
MAKING SENSE OF https://senseaboutscience.org/wp-

FORENSIC content/uploads/2017/01/making-sense-of-
GENETICS forensic-genetics.pdf
| w—  Final point made: “As DNA profiling continues to

ranslated into Spanish and . Lo .

Polish with German, Italian, grow more sensitive, and it is used in more

d Port i : i ot
i e investigations, the need for accurate
communication between scientists and

L [ nonscientists only grows - both to ensure that
Pusised n 207 [ their expectations of the technology are

realistic, and its limits are properly
understood...”




Thank you for your attention!

John Butler
john.butler@nist.gov

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE

https://www.nist.gov/topics/forensic-science

Questions?

Points of view are mine and do not necessarily represent the official position or policies of the National Institute of Standards and Technology. Certain commercial entities
are identified in order to specify experimental procedures as completely as possible. In no case does such identification imply a recommendation or endorsement by
the National Institute of Standards and Technology, nor does it imply that any of the entities identified are necessarily the best available for the purpose.
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