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ABSTRACT We have characterized the Y chromosome
carried by President Thomas Jefferson, the general rarity
of which supported the idea that he, or a patrilineal rela-
tive, fathered the last son of his slave Sally Hemings. It
belongs to haplogroup K2, a lineage representing only *1%
of chromosomes worldwide, and most common in East
Africa and the Middle East. Phylogenetic network analysis
of its Y-STR (short tandem repeat) haplotype shows that it
is most closely related to an Egyptian K2 haplotype, but the
presence of scattered and diverse European haplotypes

within the network is nonetheless consistent with Jeffer-
son’s patrilineage belonging to an ancient and rare indige-
nous European type. This is supported by the observation
that two of 85 unrelated British men sharing the surname
Jefferson also share the President’s Y-STR haplotype within
haplogroup K2. Our findings represent a cautionary tale in
showing the difficulty of assigning individual ancestry
based on a Y-chromosome haplotype, particularly for rare
lineages where population data are scarce. Am J Phys
Anthropol 132:584–589, 2007. VVC 2007Wiley-Liss, Inc.

Genetic evidence (Foster et al., 1998) has been used to
support the idea that President Thomas Jefferson fath-
ered Eston Hemings Jefferson (b. 1808), the last child of
his slave Sally Hemings. The analysis exploited the pater-
nally inherited Y chromosome and showed that a living
patrilineal descendant of Eston shared a Y-chromosome
haplotype with five patrilineal descendants of Thomas’s pa-
ternal uncle. This suggested that either Thomas Jefferson
himself, or one of his patrilineal relatives (Foster et al.,
1999), was Eston’s father. An important factor increasing
the strength of this evidence was the general rarity of the
‘Jefferson Y chromosome’: in particular, the haplotype de-
fined by Y-chromosomal STRs (short tandem repeats) was
not observed in >1200 chromosomes worldwide (Foster
et al., 1998). In the eight years since this study, Y-chromo-
somal haplotyping has improved greatly in resolution, and
the amount of available comparative data has grown enor-
mously. We now revisit the Jefferson Y chromosome, and
show that, despite these developments, it remains of an
extremely unusual type. Although membership of a rare
and diverse Y-chromosomal lineage makes assignment to
a particular population of origin difficult, we show that
Jefferson’s Y chromosome has a likely origin in western
Europe.

MATERIALS AND METHODS

Samples and comparative data

The Virginia Jefferson samples, originally described in
(Foster et al., 1998), were obtained and kindly made avail-
able by Gene Foster. French samples were a gift fromAndré
Chaventré, Christelle Richard, and Jean-Paul Moisan.
British samples were from the collections of the authors.
Haplogroup data on 14,685 chromosomes were taken

from the literature (Semino et al., 2000; Cruciani et al.,
2002; Semino et al., 2002; Al-Zahery et al., 2003; Capelli
et al., 2003; Arredi et al., 2004; Cinnioglu et al., 2004; Flores
et al., 2004; Luis et al., 2004; Shen et al., 2004; Gonçalves
et al., 2005; Hurles et al., 2005; Karafet et al., 2005; San-

chez et al., 2005; Beleza et al., 2006; Hammer et al., 2006a;
Hammer et al., 2006b; Sengupta et al., 2006).

Y-chromosome haplotyping

Haplogroup (hg) K2 chromosomes are defined by posses-
sion of the derived state of the M70 A-to-C single-nucleotide
polymorphism (SNP). They were identified in the Virginia
Jefferson DNAs, and in British, French, and Iberian Penin-
sula samples, by typing M70 using PCR-RFLP (polymerase
chain reaction restriction fragment length polymorphism)
analysis. A 257-bp product containing the M70 SNP was
amplified using published M70 oligonucleotide primers
(Underhill et al., 2001; Y Chromosome Consortium, 2002)
and digested with the restriction enzyme PsrI (Sib-
enzyme), which cleaves the ancestral (A) allele only, prior
to resolution by agarose gel electrophoresis.
British and French hgK2 chromosomes were analyzed

with 17 Y-STRs, typed according to Bosch et al. (2002), and
combined with 8-locus Y-STR haplotypes (DYS19, DYS389I,
DYS389II-I, DYS390, DYS391, DYS392, DYS393, DYS439)
from Iberian Peninsula (Bosch et al., 2002), Turkish
(Cinnioglu et al., 2004), Omani, Egyptian (Luis et al.,
2004), Somali (Sanchez et al., 2005), and Portuguese
(Beleza et al., 2006) data to construct a median joining net-
work, displaying the phylogenetic relationships between
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haplotypes (Bandelt et al., 1999), within the program Net-
work 4.1.0.9 (www.fluxus-engineering.com/sharenet.htm/).
To resolve extensive reticulations from the network,

weighting was performed according to Qamar et al. (2002).
Variance in all K2 chromosomes was calculated for each
Y-STR locus, loci with high variance being given low
weights, and vice versa. Time-to-most-recent-common-
ancestor (TMRCA) was estimated within Network from
the rho statistic (the mean number of mutations from the
assumed root of the network), using a 25-year generation
time and a mean per-locus, per-generation mutation rate
of 6.93 10�4 (Zhivotovsky et al., 2004).
DNA from unrelated British men named Jefferson (82

individuals), Jeffreson (two), or Jeaffreson (one) was hap-
lotyped using 17 Y-STRs and 10 Y-chromosomal binary

markers (King et al., 2006), plus the SNP M70 as de-
scribed above. Full haplotype data are available from the
authors. Network construction was as above, with weight-
ing based on Y-STR variance observed in 291 British hgR1b
chromosomes. Binary markers were included in network
construction (at a weight of 99) to preserve the phylogenetic
relationship of haplogroups within the network.
The minisatellite MSY1, which contains a hypervari-

able array of 25-bp repeat units, was typed by MVR-PCR
(Jobling et al., 1998) to map the position of variant re-
peats within the array.
TMRCA between the British hgK2 Jefferson haplotype

and the commonest 17-locus Virginia Jefferson haplotype
was estimated using a Bayesian approach as described
(Walsh, 2001; King et al., 2006).

RESULTS

Thomas Jefferson’s own family tradition traced his
ancestry to Wales (Brodie, 1974), so we might expect the Y
chromosome carried by the six Jefferson descendants to
belong to a typical western European haplogroup (hg).
Previous analysis (Foster et al., 1998) had placed it with
poor resolution in part of the Y chromosome phylogeny
defined in current nomenclature as hgBK(xP). To refine
this, we typed additional binary markers, obtaining the
surprising result that the Jefferson chromosome belongs
to hgK2, defined by the derived state of the SNP M70.
This hg is rare worldwide: in 14,685 chromosomes in the
literature that have been surveyed (see Materials and
Methods section), only 150 examples (1.02%) are reported.
Figure 1 shows their global distribution; apart from 12
cases from non-native populations of the USA, they are
confined to Africa and west Eurasia. They reach their
highest frequencies in the Middle East and northern East
Africa, exceeding 7% in Somalia, Oman, Egypt, and Iraq,
but are also found at lower frequency in the central and
western Mediterranean, including the Iberian Peninsula.
In a sample of 1,772 chromosomes from the British Isles
(Capelli et al., 2003), only a single chromosome, defined as
hgK(xP,N3), is a candidate for hgK2. We typed the M70
polymorphism in a sample of 421 British males and found
two hgK2 chromosomes (0.5%).
To address the geographical origins of the Jefferson Y,

we first compared its 9-locus Y-STR haplotype with a global
online database of 13,083 9-locus haplotypes (Roewer et al.,
2001); it finds no matches. We next compared it with haplo-
types of other K2 chromosomes from the literature, adding
further examples that we identified from the Iberian Pen-
insula (13/987; 1.3%), western France (3/561; 0.5%), and
Britain (Table 1), typed as described (Bosch et al., 2002).
A phylogenetic network can be used to represent the rela-
tionships between the Y-STR haplotypes, and shows that
the chromosomes are diverse (Fig. 2a), with an estimated
TMRCA (time-to-most-recent-common-ancestor) of 20,700 6
4100 years. The Jefferson haplotype lies at the periphery
of the network; its nearest (one mutational step) neighbor
is an Egyptian, while Iberian haplotypes lie only two steps
away. Does this suggest a recent non-European origin?
There is little geographical clustering in the network,
apart from the Somali haplotypes, and the Europeans are
scattered widely, with the three British haplotypes well
separated from each other. This seems compatible with
the British examples, including the Jefferson haplotype,
being members of an ancient and diverse indigenous Euro-
pean lineage, rather than recent immigrants from the
Middle East or Africa, although this is far from conclusive.

Fig. 1. Worldwide distribution of Y chromosomes belonging
to haplogroup K2 and worldwide distribution of hgK2 among
14,685 chromosomes taken from the literature (see Materials
and Methods section for sources) are shown. The black sector of
each pie chart is proportional to the frequency of hgK2. Popula-
tions in which hgK2 is present are named, and the accompanying
numbers (e.g. 16/223) indicate number of K2 chromosomes/total
sample size. British and French cases identified in this study are
not included. The upper panel includes the frequencies of hgK2
in subpopulations of the USA (Hammer et al., 2006b).
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If we did not have prior knowledge about the ancestry of
the Jefferson haplotype, we might assign it to an Egyptian
origin.
Despite its general rarity, there remains a sizeable subpo-

pulation in which Thomas Jefferson’s Y chromosome could
be frequent—all men named Jefferson. This is because both

Y chromosomes and surnames are patrilinearly inherited,
and a correlation exists between Y haplotypes and sur-
names (Sykes and Irven, 2000; King et al., 2006; McEvoy
and Bradley, 2006). To test this, we randomly recruited 85
unrelated British Jefferson males from the total population
of *2,100 men carrying this surname, and typed their Y

Fig. 2. Diversity of Y-STR haplotypes belonging to haplogroup K2, and within the Jefferson surname. (a) Weighted median joining
network (Bandelt et al., 1999) containing the 8-locus Y-STR (DYS19, DYS389I, DYS389II-I, DYS390, DYS391, DYS392, DYS393,
DYS439) haplotypes of 86 hgK2 chromosomes. Circles represent haplotypes, with area proportional to frequency and shaded or
hatched according to population. The ancestral node used for dating is indicated by an asterisk. Data were taken from the literature:
Iberian Peninsula (Bosch et al., 2002), Turkish (Cinnioglu et al., 2004), Omani, Egyptian (Luis et al., 2004), Somali (Sanchez et al.,
2005), and Portuguese (Beleza et al., 2006), with the addition of British and French chromosomes identified and analyzed in this
study. (b) Y-chromosomal haplotypes of men named Jefferson. Left: binary marker phylogeny of the Y chromosome, showing hap-
logroup (hg) names (Y Chromosome Consortium, 2002). Right: weighted median joining network containing the 17-locus Y-STR haplo-
types of 91 Jefferson men including the six hgK2 Virginia Jeffersons (Foster et al., 1998). Circles represent haplotypes, with area pro-
portional to frequency, and haplogroups labeled. The two hgK2 British Jefferson haplotypes are indicated by a white sector. Network
construction was as in (a), with inclusion of binary markers to preserve phylogenetic information.
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chromosomes using 11 binary markers and 17 Y-STRs
(King et al., 2006). Diverse haplotypes are distributed
among six haplogroups (Fig. 2b), consistent with multiple
founders for the name, and/or historical nonpaternities.
However, two of the men (*2%; males GB1078 and
GB1151) belong to hgK2, and both carry the Thomas Jeffer-
son Y-STR haplotype. Their paternal grandfathers were
born in Yorkshire and the west Midlands respectively, and
neither reports any known familial links to the USA. These
men share recent paternal ancestry with the six Virginia
Jefferson descendants described by Foster et al. (Foster
et al., 1998). How long ago they shared an ancestor is diffi-
cult to estimate accurately, but given the identical Y-STR
haplotypes, median TMRCA between the British hgK2 Jef-
ferson haplotype and the commonest 17-locus Virginia
haplotype can be calculated as 11 generations (with a very
broad 95% confidence interval of 0.4–60 generations). A
close relationship is supported by the structure of the fast-
evolving Y-specific minisatellite MSY1 (Jobling et al.,
1998) in these males. The Virginia Jefferson descend-
ants (Foster et al., 1998) share the MSY1 structure
(3)5(1)14(3)32(4)16 (the number in parenthesis referring to
the repeat type, and the subscript the number of repeats
in each successive block); one of the two British Jeffersons
has exactly the same MSY1 structure, while the other has
a single repeat-unit deletion [(3)5(1)14(3)32(4)15]. Presence
of the Jefferson haplotype in these apparently unrelated
British men supports the idea that the President’s recent
paternal ancestry is in western Europe, rather than the
Middle East.

DISCUSSION

Globally, many Y chromosomes belong to lineages with
well-defined distributions, and currently exist in large nu-
mbers of males, sometimes regarded as patrilineal ‘clans’
(Oppenheimer, 2003). One striking case is the highly homo-
geneous cluster within hgC*(xC3c) representing *0.5% of
Y chromosomes worldwide, and interpreted as a product of
the dynasty of Genghis Khan (Zerjal et al., 2003); another
is the common sublineage within hgR1b3 originating in
Ireland, and ascribed to the Uı́ Néill dynasty (Moore et al.,
2006), which is carried by 2–3 million men. Nevertheless, a
minority of Y chromosome types, of which the Jefferson Y
is an example, remains highly distinctive and scarce, be-
longing to diverse lineages with poorly defined population
distributions.
This study represents a cautionary tale, since the inter-

pretation of the origins of rare and unusual lineages such
as that of Thomas Jefferson can be heavily biased by how
they are defined, and by what comparative data are avail-
able. In this particular case, the ancestry of the individ-
ual in question was known, but without this knowledge,
and using data available from the literature, it is likely
that he would have been assigned Egyptian or Middle
Eastern ancestry. Our finding of two other men from the
general British population with hgK2 Y chromosomes,
and in particular of two British Jefferson men who share
the President’s haplotype, reinforces the idea that Jeffer-
son’s recent paternal ancestry is European, though this
conclusion could in principle change with more extensive
sampling in the future.
In the modern era of ‘genetic genealogy’, many compa-

nies offer to provide information about individual ances-
try. Despite an increasing and sometimes impressive
degree of genetic literacy among clients, the inherent lack

of power of individual ancestry prediction based on a sin-
gle genetic locus is often not appreciated, and understand-
ably is not emphasized by providers of testing services.
The popularity of genetic testing has caused the public

fascination with Thomas Jefferson to extend beyond the
man to the details of his Y chromosome haplotype: one
DNA-typing company offers a ‘Famous Y-DNA’ testing
service, including matching to Jefferson, while the inter-
net is rich with speculations about his ancestry. Our find-
ings show that firm conclusions can be difficult to draw,
but taken together are consistent with Jefferson’s patrili-
neage belonging to an ancient and rare indigenous west
European type; they also increase the strength of the evi-
dence that Thomas Jefferson, or one of his patrilineal rela-
tives, rather than some unrelated man, was the father of
Eston Hemings Jefferson.
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