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August 1995

Ph.D. 

Chemistry

Giving a copy of my 5th book on DNA to my 

professor, Ralph Allen, on his retirement 

(November 2015) 

Photo courtesy of Professor James Demas



The Last Time I Spoke at UVA…

A lot has happened in 16.5 years!



My UVA Department of Chemistry Alumni 
Webpage Needs to Be Updated… ☺

https://chemistry.as.virginia.edu/people/profile/John-Butler

I have a different role 

at NIST, and my hair 

is a little grayer now!

https://chemistry.as.virginia.edu/people/profile/John-Butler


A Brief Overview of My Career

UVA Grad Student
(Aug 1992- Aug 1995)

Research Conducted at FBI

NIST/NRC Postdoc
(Sept 1995- May 1997)

Armed Forces 

DNA Identification 

Laboratory
Some Research at AFDIL

Staff Scientist
(May 1997 – Sept 1999)

Research Chemist 

& Group Leader
(Sept 1999 – Apr 2013)

Silicon Valley start-up company 

doing TOF-MS of DNA

Human Identity 

Project Leader

(1999-2013)

B.S. Chemistry

1992

Special Programs Office (2013-present)

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 



Butler Books on Forensic DNA Typing

2001

2005

2010

2012

2015

For students, practitioners, and lawyers around the world

Cambridge University Press

2022

For the general public



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

https://nij.ojp.gov/library/publi

cations/improved-analysis-

dna-short-tandem-repeats-

time-flight-mass-

spectrometry

Analytical Chemistry

Nucleic Acids Research

…and sometimes you learn more from 

your failures than from your successes!

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


A National Institute of Justice 
(NIJ) Grant Laid the Foundation 

for Modern Forensic DNA

A $70,000 NIJ grant awarded to the University of 

Virginia (UVA) in 1993 literally changed the world 

of forensic DNA testing — and began my 

journey into the field of forensic science.

Ralph Allen at UVA and Bruce McCord at the FBI 

Academy’s Forensic Science Research and Training 

Center in Quantico, Virginia, were looking to apply 

a new analytical separation technique called 

capillary electrophoresis (CE) to speed up and 

automate DNA testing of short tandem repeats 

(STRs). The NIJ grant allowed the two analytical 

chemists to bring a graduate student on board to 

work on the new forensic method. 

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
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


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)

• Led to a Presidential Award           
in July 2002

In the White House with Arden Bement 

(former director of NIST and NSF)https://strbase.nist.gov/pub_pres/JohnButler-PhD-Dissertation-1995.pdf

https://strbase.nist.gov/

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?

Review of the field published in 1995 

while I finishing graduate school…

☺

10-years later, I was a co-author!

Describes 250 articles 

covering forensic DNA 

analysis during 2003-2004

Every two years (in the June 15th issue 

until 2011) the journal Analytical 

Chemistry published an application 

review on forensic science



Top Ten

8 million scientists 
(published between 1960 and 2019)

10,158
in subcategory 

Forensic Science 

& Legal Medicine

Top 2% = 215

22 categories
176 subcategories

SCOPUS database (Jan 1996 to Dec 2019)

2019

2020

2021

One Measure of Impact in a Scientific Field 

Relates to Citation of Your Work by Others 



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

DNA

DNA

DNA

DNA

DNA

NIST is first from 

the United States 

and the only 

government lab

Based on articles published from 1960 to 2019 for 8 million scientists (those with ≥5 publications)

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


My Early Scientific Career Benefited 
from Straddling Two Disciplines

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)”

2. 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

https://favpng.com/png_view/cell-clipart-dna-molecule-forensic-biology-bloodstain-pattern-analysis-chemistry-png/PAC2R05M

Molecular 

Biology

Analytical 

Chemistry

1.

2.



February 2015
221 B Baker Street, London

Looking for evidence of 

Sherlock Holmes’ DNA at his 

apartment in London

In the home of one of the first 

forensic analytical chemists

Photo credit: Scott Musgrave



“Seeing” Forensic DNA: Steps in Testing

Sample Collection 

& Storage

Buccal swabBlood Stain

DNA Extraction 

& Quantitation
Multiplex PCR

Amplification of 

STR Markers

GeneAmp 9700

Thermal Cycler 

GeneMapperID-X

GeneMarker HID

software

ABI 3500 

Genetic Analyzer 

capillary electrophoresis

CE with LIF

Detection

Male: 13,14-15,16-…

Data Interpretation, 

Statistics & Reporting

Interpretation

Compare

Q→K & Stats
ReportData

Allele 9

Forensic DNA Markers Tested:

Short Tandem Repeats (STRs)

GATA / GATA / GATA

Gathering the Data Understanding Results Obtained

Measurement

Extraction/

Quantitation

Amplification/ 

Marker Sets

Separation/

Detection

Collection/Storage/ 

Characterization

SAMPLE

Probabilistic 

Genotyping 

Software

STRmix™

TrueAllele®

Report 

Issued



Chemistry Involved in Forensic DNA Typing

• Biochemistry – DNA extraction; enzymatic 
amplification (polymerase chain reaction, PCR)

• Organic chemistry – fluorescent dye synthesis and 
oligonucleotide (PCR primer) synthesis

• Inorganic chemistry – buffer salts; enzyme cofactors (Mg)

• Physical chemistry – PCR primer annealing due to kinetics 
and thermodynamics of multiplex PCR reaction

• Analytical chemistry – size-based electrophoretic 
separations with capillary electrophoresis and sieving polymers; 
fluorescent dye spectral emission matrix deconvolution 

A DNA profile involving 10 short tandem repeat (STR) 

markers labeled with different colored fluorescent dyes 

during the polymerase chain reaction (PCR)

amplification process from a sample containing 

approximately 160 cells (1 ng of genomic DNA)

DNA length (nucleotides)

X,Y

16,17

17,18

10,12

22,23

12,14

28,30

14,16

12,14

6,6

21,22

DNA profile 

from STR loci

Amelogenin

D3S1358

vWA (chr 12)

D16S539

D2S1338

D8S1179

D21S11

D18S51

D19S433

TH01 (chr 11)

FGA (chr 4)

X,Y→ male

D3
vWA D16

D2

X,Y
D8

D21 D18D19

TH01

FGA

Red peaks from 

size standard



Understanding Forensic DNA
Book Chapters

1. Biological Identification

2. Before DNA

3. First-Generation Forensic DNA

4. STR Methods and Loci

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

6. The Curse of Sensitivity

7. From Mothers and Fathers

8. Emerging Technologies

9. Emerging Issuesh
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Cambridge University Press (2022)

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


Case Stories Shared in Understanding Forensic DNA
Story Chapter 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)

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

Lukis Anderson 6 Potential indirect transfer matter when using sensitive DNA testing

Amanda Knox 6 Problems with improper collection techniques and touch DNA

Romanovs & Anna Anderson 7 Using mitochondrial DNA to identify historical remains and test claims

Hemings-Jefferson relationship? 7 Using Y-chromosome DNA to assess historical parentage claims

King Richard III 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

1

2

3

4



Areas of Human Identification 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

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

sample

Known

sample

Evidence from Crime SuspectSuspect(s)

Alleged Father’s 

DNA Profile

Child’s 

DNA Profile

Alleged Father(s)’

Forensic 

case 

Paternity 

testing case 



Lessons from the First Case Involving DNA Testing

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

• Connection of two crimes (1983 and 1986)

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

• Exoneration of an innocent suspect (Richard Buckland)

• DNA was an investigative tool – did not solve the case by 
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. 

Lynda Mann (1983)

Dawn Ashworth (1986)

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

• 4,513,955 arrestees

• 1,144,255 forensic profiles

• Assisted 574,343 investigations
*https://le.fbi.gov/science-and-lab-resources/biometrics-and-fingerprints/codis/codis-ndis-statistics
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~35% hit rate
(per ISHI 2021 Q&A)

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


What DNA Testing Can and Cannot Do

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

2. Confirm a possible genetic relationship with 
biological relatives (e.g., paternity testing)

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

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

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

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

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

Can Cannot



Lukas Anderson (2012):

[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/

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 

oximeter likely enabling Anderson’s DNA to 

transfer to Kumra’s right index fingernail

pulse oximeter

https://www.thrivespc.com/home-medical-solutions/pulse-oximeter/

Lukis Anderson’s DNA was 

found on fingernail clippings 

from the victim’s right hand 

Photo from San Mateo County Crime Laboratory

Lukis Anderson, a 

homeless alcoholic in 

nearby San Jose, CA, 

was then charged for 

the murder of the victim 

Raveesh Kumra

Photo by Carlos Chavarria

In November 2012, a 

group of men broke into 

a Silicon Valley mansion; 

the 66-year-old owner 

died after being tied up

Photo from Los Gatos-Monte Sereno 

Police Department

Erin Lunsford of the Los 

Gatos-Monte Sereno Police 

Department was the lead 

investigator in the murder of 

Raveesh Kumra

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

Photo by Carlos Chavarria

The Impact of DNA Transfer 

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


Each test was repeated 

three times with two different 

owner/shooter pairs

Only the owner 

supposedly handled 

this “clean” gun

Examined DNA 

mixtures from skin 

contact traces of DNA 

recovered from three 

surfaces of two types 

of firearms handled in 

four realistic, 

casework-relevant 

handling scenarios

DNA 

from 

Gun 

Owner

DNA from 

Unknown 

Individual

DNA Transfer Can Potentially Impact Investigations of Firearms Possession



Different Inheritance Patterns

Lineage Markers

Y-Chromosome
(passed on complete, 

but only by sons)

17, 23, or 27 Y-STRs

Mitochondrial 
(passed on complete, 

but only by daughters)

mtDNA control region

22 pairs of autosomes 

(passed on in part, 

from all ancestors)

Autosomal STR Loci

Autosomal Markers

From Figure 15.1 in Butler, J.M. (2015) Advanced Topics in Forensic DNA Typing: Interpretation Elsevier Academic Press: San Diego

= males (X,Y)

= females (X,X)

Father’s 

Sperm

Mother’s 

Egg

Nuclear 

DNA

Mitochondrial 

DNA

Father contributes: 22 autosomes (1 of each pair), X or Y

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



Paternity Testing 
Example

Child

Mother

Obligate allele 

required by 

the true father

DNA Size
smaller larger

8 12

8 14

Alleged Father 1

12 14

Has a “14”“INCLUDED”

Alleged Father 2

11
12

Does not have a “14”“EXCLUDED”

The mother’s 

result is helpful

with an autosomal

genetic marker



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 → 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
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Tsar 

Nicolas II

Anastasia

Alexei

Maria

Olga Tatiana

Tsarina 

Alexandra

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

Gill et al. (1994) Nature Genet. 6(2):130-135 

Follow-up article: Ivanov et al. (1996) Mitochondrial 

DNA sequence heteroplasmy in the Grand Duke of 

Russia Georgij Romanov establishes the authenticity 

of the remains of Tsar Nicholas II. Nature Genet.

12(4):417-420 

But the remains of son Alexei and one 

of the daughters (Anastasia or Maria) 

were not originally recovered

Began working on the burial site in July 1991 

and discovered about 1000 bone fragments 

but only 9 skulls whereas 11 people had 

been murdered



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

Mitotype

16111T

16357C

263G

315.1C

Mitotype

16126C

16169T

16294T

16296T

73G

263G

315.1C

Tsarina

Alexandra

Tsar 

Nicholas II

16169T/C

Georgij

Romanov

Georgij

Romanov

16169T/C

Xenia Cheremeteff-

Sfiri

Xenia Cheremeteff-

Sfiri

Louise of 

Hesse-Cassel

Louise of 

Hesse-Cassel

SOURCES: Gill et al. (1994) Nature Genetics, 6, 

130-135.; Ivanov et al.  (1996) Nature Genetics, 12, 

417-420; Stone, R. (2004) Science, 303, 753.

D.N.A. Box 10.2, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Prince Philip

Duke of Edinburgh

Prince Philip

Duke of Edinburgh

Prince Philip (Queen 

Elizabeth’s husband) 

was a maternal relative 

to Tsarina Alexandra

missing missing

Romanov Remains Laid to 

Rest on July 17, 1998 
(80 years to the day they were killed)

Photo courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



Charlottesville resident Anna Anderson Manahan
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http://en.wikipedia.org/wiki/Anna_Anderson

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

Stoneking et al. (1995) Establishing the identity of 

Anna Anderson Manahan. Nature Genet. 9(1):9-10

Mitotype

16111T

16357C

263G

315.1C

Romanov & 

Prince Philip

Mitotype

16126C

16266T

16294T

16304C

Anderson & 

Maucher

Died in 1984 in 

Charlottesville

was likely Franziska Schanzkowska

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


Some of the Recovered Remains from 
Grave Site Discovered in July 2007

A few of the charred bone fragments + one nail 

h
tt
p
:/
/f

o
ru

m
.a

le
x
a
n
d
e
rp

a
la

c
e
.o

rg
/i
n
d
e
x
.p

h
p
?
to

p
ic

=
1
0
1
1
5
.m

s
g
2
8
2
4
5
0

Sample 146

Sample 147

Data courtesy of Mike Coble 
(Armed Forces DNA Identification Laboratory)

One Sample is Male 

and the Other Female

The DNA evidence is 

5.63 million times

more likely IF 

samples 146 and 147 

are siblings than if 

these samples were 

from two unrelated 

individuals



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

Gill et al. (1994)

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



Tsar

Tsarina

146.1

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



Tsar

Tsarina

147

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



146147

Tsar 

Nicholas II

Tsarina 

Alexandra

Olga Tatiana Anastasia

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.

AlexeiMaria

Tsar 

Nicholas II

Tsarina 

Alexandra

Olga Tatiana Anastasia

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



Tsar Nicholas I

Tsar Alexander IIMikhail Nikolaevich 

Tsar Alexander III
Alexander Mikhailovich 

(Sandro)

Tsar Nicholas II

Tsarevich Alexei

Andrei Alexandrovich

Andrew Andreevich 

(Romanov)

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)

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



Alexei

Tsar 

Nicholas II

Andrew

Romanov

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



AlexeiMaria

Tsar 

Nicholas II

Tsarina 

Alexandra

Olga Tatiana Anastasia

Mitochondrial

DNA

Forensic STRs

Y-STRs

Maria

Slide courtesy of Mike Coble (Armed Forces DNA Identification Laboratory)



Article published in March 2009

http://www.plosone.org



Genetic Genealogy

• Y-chromosome testing (since ~2000)
• 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 3rd and sometimes 4th cousins)

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

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



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



Peter Dervan
California Institute of Technology
Professor of Bioorganic Chemistry

“Pay attention to your data!”
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As a young graduate student, I was taught an important lesson in a scientific seminar that I 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 I frankly do not remember the details of the scientific advancement made, I came away from 
that seminar with a phrase that has impacted me ever since—“Pay attention to your data!” 

“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

Professor Dervan was a 2006 Recipient of the National Medal of Science 

(his wife Jacqueline Barton received the National Medal of Science in 2010)

October 4, 1993 
UVA Department of Chemistry Seminar

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: Tom (1790)?, Harriet I (1795-97), Beverly (1798-1822+), daughter? (1799), Harriet II 
(1801-1822+), Madison (1805-1877), Eston (1808-1856)

• Thomas Woodson (1790-1879)

• His family claimed he was son of SH with TJ as his father

• 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?

James Callender 1802 claim: “[TJ] has kept, as 

his concubine, one of his own slaves. Her name is 

SALLY. The name of her eldest son is TOM…” 
(The [Richmond] Recorder, Sept 1, 1802)
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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)

• I have met each of these scientists at 
meetings over the last 24 years and we 
occasionally have contact via email

• I trust the accuracy of their DNA test 
results (measurements, not necessarily 
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
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http://withfriendship.com/user/vinus/family-tree.php

How Many Butler Y-chromosomes Are Out There?

Katherine Butler Gettings

NIST Applied Genetics Group 
PhD George Washington University

John M. Butler

Some interesting points:

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

2. 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

3. Based on review of what they know from their family histories, they cannot be closer than sixth or 

seventh cousins (their 5th great-grandfathers differ)

4. Potentially thousands of male Butlers have this same Yfiler haplotype – or one very 

similar due to mutation at individual Y-STR loci

5. 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) 

NIST Special Programs Office
PhD University of Virginia



Some News Articles in November 1998

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…

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… 

Tests Link Jefferson, 

Slave's Son

By Leef Smith

Sunday, November 1, 1998
Page A01

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...



Book published in 1996 Nov 1998 in Nature

“…after five years mulling over the 

huge cache of evidence that does 

exist on the thought and character of 

the historical Jefferson, I 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

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


https://www.science.org/doi/10.1126/science.283.5399.153a

SCIENCE
8 Jan 1999
Vol 283, Issue 5399
pp. 153-155

https://www.science.org/content/article/thomas-jefferson-hook

https://www.science.org/doi/10.1126/science.283.5399.153a
https://www.science.org/content/article/thomas-jefferson-hook


Jan 1999 in Nature
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Nov 1998 in Nature Follow-Up Articles 
(not discussed by media)
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Foster et al. (1998)

“The Carr haplotypes differed 

markedly from those of the 

descendants of Field Jefferson.”
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paternal grandfather)
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Foster et al. (1998) 

Did not consider the possibility of 

Randolph or his sons who would 

have the same Y chromosome
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Y-chromosome Study with Jefferson-Hemings DNA
(Foster et al. 1998)

Different Y Haplotype

Examined multiple 

descendants of 

Thomas 

Woodson
(from TJ and SH by 

oral family history)

Foster et al. (1998)

“…Thomas Woodson 

was not Thomas 

Jefferson’s son.”
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DNA quality); multiple lines verify lineage haplotypes
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https://www.findagrave.com/memorial/

10606815/eston-hemings-jefferson

Forest Hill Cemetery

Madison, Dane County, Wisconsin

PLOT Section 3, Lot 018, Grave 3

Eston Hemings

(1808-1856)

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

-for-visiting/jefferson-s-gravesite/

Monticello Graveyard

Charlottesville, Virginia

Thomas Jefferson

(1743-1826)

Q K??????

Conditions of almost 

200-year-old remains?

Willingness of families 

to exhume remains?

Having 

Randolph’s 

DNA would 

be helpful to 

fully exclude 

him vs. his 

older brother 

Thomas

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

(1974) (1997, 1998) (2008, 2009)

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, I think, the relevant 

question for historians. We don’t have scientific 

proof of Jefferson’s paternity of anyone.”



Arguing Against a Jefferson-Hemings Relationship

(2011)(2001) Original report in April 2001

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 
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
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Making Sense of Forensic Genetics (2017)

• Developed by European Forensic Genetics 
Network of Excellence (EuroForGen-NoE) and 
published with Sense about Science

• Free PDF file available for download

https://senseaboutscience.org/wp-
content/uploads/2017/01/making-sense-of-
forensic-genetics.pdf

• Final point made: “As DNA profiling continues to 
grow more sensitive, and it is used in more 
investigations, the need for accurate 
communication between scientists and 
nonscientists only grows - both to ensure that 
their expectations of the technology are 
realistic, and its limits are properly 
understood…”

concepts clearly explained in 40 pages

Translated into Spanish and 

Polish with German, Italian, 

and Portuguese versions 

under development



John Butler
john.butler@nist.gov

Thank you for your attention!

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.

mailto:john.butler@nist.gov
https://www.nist.gov/topics/forensic-science

