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In the name of the father: surnames and genetics

Mark A. Jobling

Hereditary surnames contain information
about relatedness within populations.
They have been used as crude indicators

of population structure and migration
events, and to subdivide samples for
epidemiological purposes. In societies that
use patrilineal surnames, a surname should
correlate with a type of Y chromosome,
provided certain assumptions are met.
Recent studies involving Y-chromosomal
haplotyping and surname analysis are
promising and indicate that genealogists of
the future could be turning to records
written in DNA, as well as in paper archives,
to solve their problems.

In most human populations, surnames,
like DNA, pass down from generation to
generation. People who share surnames
might therefore be expected to share
more of their DNA than people who do
not. However, people sharing a most
recent common ancestor a mere ten
generations ago are only expected to
share around a millionth of their DNA
by direct descent, and there’s no telling
which millionth that might be. In
societies where surnames are passed
from fathers to children, though, matters
are simpler. One part of our genome, the
Y chromosome, is passed down in the
same way as a surname; the distinction
is that although all of the children get
the name, only half — the sons — get the
chromosome. Recent molecular studies
have begun to explore the relationships
between Y chromosomes and surnames,
and interest is growing among amateur
genealogists in the use of DNA to trace
their ancestors. This article reviews the
history of genetic studies of surnames
and examines what the molecular
analyses of the future are likely to tell us.

Origins of surnames

Most populations now use hereditary
surnames, although the date of their
establishment varies greatly around the
world, from almost 5000 years ago in
China, to only 68 years ago in Turkey.
There is also variation among regions
within countries and among social
classes. In Japan, for example, the

governing classes took hereditary
surnames from the 13th century Ap,

but prohibited their use by other people
until 1868 (Ref. 1). Some societies still

do without them and use, for example,
names based on father’s forename (e.g. in
Iceland), which therefore change each
generation.

In the British Isles, at least, the origins
of particular surnames usually fall into
one of a few classes?, albeit with some
ambiguity: toponymic (from a specific
place name; e.g. York, Lancashire),
topographical (from a natural or man-
made feature of the landscape, e.g. Hill,
Townsend), from a personal name (e.g.
Jones, Richardson), from a nick-name or
characteristic (e.g. Grey, Wellbeloved) or
from an occupation (e.g. Fletcher, Sawyer).
Clearly, some surnames had multiple
origins: Smith is the commonest surname
in England and Wales, at about 1.3%
(Refs 3,4), originating many times from
the occupation of blacksmith. Most
surnames are rare, however —61% of
the 32 457 different surnames within a
sample of 165 510 individuals in England
and Wales were unique within the
sampled —and although some of these
are fixed spelling variants of other names,
and therefore relatively recent, many are
likely to have had a unique origin at the
time of surname establishment
500-700 years ago.

Surnames and genetics

The use of surnames in genetic studies
dates back to 1875, when George Darwin,
son of the more famous Charles, used
them to estimate the frequency of first-
cousin marriages®. He calculated the
expected proportion of marriages between
people of the same surname, based simply
on surname frequency, and then ascribed
the observed excess above this figure to
marriages between cousins sharing
surnames. He then adjusted this to
account for cousins marrying but not
sharing surnames and came up with the
figures 4.5% for first-cousin marriages
among the upper classes and ~2.25% for
the general rural population. George had
a personal interest in such liaisons, as his

own parents were themselves first
cousins. He was presumably reassured
by the second part of his study, which
suggested that the proportion of inmates
of lunatic asylums who were the children
of first cousins was not greatly different
from the average proportion in the
general population.

This work was extended much later
and led to the development of a method
for estimating inbreeding coefficients (the
average probability that an individual
inherits two copies of a gene that are
identical by descent) from ‘isonymy’—
the frequency of marriages between
individuals having the same surname®.
This method became popular and widely
used, because of the ease and cheapness of
collecting large datasets relating to past
and present populations from Births,
Marriages and Deaths registers — ‘the
poor man’s population genetics™.

Although the method sometimes
agreed with estimates from other data,
sometimes it did not, and this
inconsistency is owing to the assumptions
that underlie it. The isonymy method
works when a founding population is a
small group derived from a large outbred
population and each founder has a
different name. This is not likely to be
so for most real cases®, where founding
groups are often from a small region,
or even composed of relatives®.
Furthermore, the isonymy method does
not take into account the cumulative
effects of inbreeding — sibs have the same
surname whether or not their parents are
themselves inbred.

Less controversial is the use of general
information about place of origin
contained within surnames: in studies
of populations where a component
represents an immigrant subpopulation
(such as the Irish in Scotland'®, or
Hispanics™ or Chinese!? in the USA)
surnames provide an easy and effective
means of subdivision for epidemiological
purposes. Surnames have also been used
to estimate population migration rates!?
and, in combination with genetic,
linguistic and geographical data, to define
barriers to gene flow4.
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Fig. 1 Relationships between Y-chromosomal haplotypes and surnames. Each panel represents a simple hypothetical
relationship between three surnames (Peacock, Mustard and Scarlett) and Y haplotypes under different founding and
subsequent conditions. Small coloured circles represent founders, and coloured cones represent microsatellite
haplotype divergence during descent from these founders. Surname foundation is taken to be 25 generations ago (time
0). (&) Anideal situation. Each surname has a unique founder whose haplotypes are highly diverged from the others. One
(Peacock) is distinguished by a single-nucleotide polymorphism (SNP) as well as by microsatellite haplotype. There is no
illegitimacy or other disturbance in transmission of surnames. (b) Polyphyletic Peacocks. (c) The effects of illegitimacy,
surname adoption or maternal inheritance events (dotted lines) on the correlation between surnames and haplotypes.
(d) The effects of close haplotype relationship of the three founders. Microsatellite haplotypes in the descendants overlap
between all three surnames, but in the case of the Peacocks the SNP allows them to be distinguished easily.

Surnames and the Y chromosome

Apart from this use of surnames to infer
general aspects of the genetic structures of
populations, a more direct connection can
be made between surnames and genetics
in societies that have patrilineal
surnames: in principle, a patrilineal
surname should correlate with a type of

Y chromosome (Fig. 1a).

Associating Y chromosomes with
surnames is not a new idea and began
before any DNA polymorphisms were
available. Some very rare males carry a
‘satellited’Y chromosome?® (Ygs) bearing,
on the tip of its long arm, a translocation
from the short arm of an acrocentric
autosome such as chromosome 15 or 22.
This structure contains an active
nucleolar organizer region, from which
ribosomal DNA genes are transcribed.
Such translocations are without any
apparent deleterious effect and are
detectable cytogenetically, so they provide
easily scored neutral markers for
particular rare Y chromosome lineages.

The most impressive case of a family
bearing a Ygs is a 12-generation French-

Canadian pedigree, in which the
translocation arose at least 300 years

ago and which provides the first example
of a link between a surname and a
Y-chromosomal lineage'®. The chromosome
was discovered during a karyotypic
analysis of the father of a daughter with
trisomy 21. A search among 50 men
sharing the same surname (‘'R.’) identified
17 who shared the same Ygs; genealogical
research showed that all of these men were
descended from Antoine R., a French
barrel-maker who emigrated to Canadain
1665. Interestingly, a link could be made
between the R. family and another French-
Canadian family carrying an apparently
identical Ygs but a different surname,
through illegitimacy around 1830 (Ref. 16).
In a separate study?’, a Ygs was found in
four Colombian families, three of which
shared a surname, although they did not
know themselves to be related.

Over the past few years, a large
number of more convenient polymorphic
markers have been identified on the
non-recombining portion of the
Y chromosome!®1°, These include slowly

mutating binary polymorphisms [such as
single nucleotide polymorphisms (SNPs)]
that define monophyletic lineages [here
called haplogroups (hg)], and more
rapidly mutating multi-allelic markers
(such as microsatellites) that define very
large numbers of haplotypes within
haplogroups and which can be used to
estimate the ages of the most recent
common ancestors of groups of
chromosomes (e.g. Refs 20,21). The
resolution of these systems is sufficient
to distinguish most unrelated males
within European populations from each
other??, so in principle they offer a means
to identify a lineage that can be associated
with a surname.

The general validity of the principle
of associating Y chromosomes with
surnames is shown by a study of
Y-chromosomal haplogroup diversity in
Ireland®3. First, the Y chromosomes of
221 Irishmen were assigned to
haplogroups. Then, to remove the effects
of incursions from outside Ireland,
chromosomes associated with surnames
having English (e.g. Harrison, Kent),
Scottish (e.g. Boyd, Knox), Norman
(e.g. Bourke, Fitzgerald) or Norse (Doyle)
origins were removed. The Y-chromosomal
haplogroup composition of the remaining
men with Gaelic surnames was different
from the undivided set, with a higher
frequency of one haplogroup, hg 1, in
particular. When the Gaelic surnames
were further subdivided according to the
four counties of Ireland in which they
originated about 1000 years ago, further
structure was revealed: the four groups
were significantly different and the
westernmost group (Connaught) showed
near fixation (98.5%) of hg 1 chromosomes.

In a different study?4, men belonging to
the Jewish Cohanim priesthood, supposed
to share patrilineal descent from Aaron
who lived about 3000 years ago, were
studied using Y-specific microsatellites
and binary polymorphisms. A common
modal haplotype was found in the
Cohanim —the frequency of this haplotype
and its one-step microsatellite mutation
neighbours was >60%, compared with
<15% in control groups. Not all of the
Cohanim males shared surnames,
although many were called Cohen, or
related names such as Kahn and Kane,
but this study does show that
Y-chromosomal analysis can be used to
demonstrate patrilineal descent within a
group. A study from Korea2> might be



considered a counter-example to this,

provided we take stories about population

origins literally: according to legend, the
entire Korean population descended from
asingle man, ‘Tangoon’, who lived

5000 years ago, but analysis using a

moderately variable Y-chromosomal

polymorphism indicates that Korean

Y chromosomes actually belong to

multiple lineages.

Although the Irish study shows that a
group of surnames carries a strong genetic
signal of its place of origin, the correlation
between an individual surname and a
Y-chromosomal lineage is more
problematic. For such a correlation to
hold, a number of conditions must apply:
(1) The surname must have a unique

origin. As is clear from the Smiths, this

is likely to be untrue for many
surnames (Fig. 1b).

(2) There must have been no illegitimacy,
which would introduce chromosomes
from other surname groups (Fig. 1c), as
was demonstrated in the case of the
French-Canadian Ygs (surname
adoption or instances of matrilineal
surname inheritance would have the
same effect).

(3) Chromosomes associated with
different surnames must have been
unrelated at the time of surname
establishment (Fig. 1d).

A study of a famous surname, that of
Thomas Jefferson, third president of the
United States, shows that males sharing
the Jefferson surname share a high-
resolution Y-chromosome haplotype,
as defined by six binary markers,

11 microsatellites and a minisatellite; it also

shows that paternity testing can be done

with a time delay of several generations?5,
suggesting that Jefferson fathered at least
one child by his slave, Sally Hemings.

One recent study?” has addressed some
of the issues raised above more generally
by examining the diversity of haplotypes
defined by four Y-specific microsatellites
in 48 men bearing the surname ‘Sykes’.
An unrooted network of these haplotypes,
together with those found in 160 control
non-Sykes men, is shown in Fig. 2.
Twenty-one of the Sykes'Y chromosomes
belonged to a single ‘core’ haplotype,
which was not found in any of the
controls. The remaining Sykes
chromosomes belonged to a wide range of
different haplotypes, including two that
were one mutational step away from the
core haplotype. This pattern was
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Fig. 2. Y-chromosomal haplotype diversity within the surname ‘Sykes’. Median-joining network?*? of four-locus
(DYS19, DYS390, DYS391, DYS393) microsatellite haplotypes. Haplotypes are indicated by circles, whose areas are
proportional to haplotype frequency. The areas of green sectors within circles indicate the relative frequency of the
surname Sykes. An arrow between circles indicates a single-step increase at a particular microsatellite, indicated
nextto the arrow (e.g. 19 indicates DYS19). Drawn from data in Ref. 27 using Network 2.0c (Ref. 43).

interpreted as reflecting a single origin
for the name Sykes (about 700 years ago),
which seems surprising given its
topographical derivation from a Yorkshire
name for a stream or boundary ditch.
Those Sykes chromosomes not belonging
to the core haplotype originate either
from illegitimacy or from mutation of the
Y-specific microsatellites. Neglecting the
latter, the average rate of illegitimacy was
calculated at 1.3% per generation?’.
Haplotypes defined by only four
microsatellites are of low resolution, and it
is therefore something of a surprise that the
core haplotype in the Sykes case is Sykes-
specific. A clue comes from the distribution
of this haplotype in a database of over
5000 European Y-specific microsatellite
haplotypes? — it is common in the Baltic
States, but rare or absent elsewhere. Also,
itsonly occurrence in a set of 586 haplotypes
from the British Isles, Scandinavia and
Iceland? is in the single Irish chromosome
belonging to hg 16, very rare in Western
Europe, but common east of the Baltic®, so
this lineage might be unusual enough in
Britain to be resolved by only a few markers.

The future
Further studies of individual surnames
will show whether the Sykes are unusual
and also how many markers we will need
to discriminate between lineages
sufficiently finely. At least 20 useful
microsatellite markers are currently
available?231, and the availability of the
complete sequence of the 30 Mb Y-
chromosomal euchromatin3232 provides a
resource for the easy in silico identification
of many new ones3-:34, About 150 useful tri-
to hexanucleotide repeat loci are estimated
to be on the Y chromosome?3!. Binary
markers can be used in combination with
microsatellites: they can sometimes
resolve cases where microsatellite
haplotypes are overlapping (Fig. 1d), and
their population-specificity in Europe®
and elsewhere® will be useful in analysing
surnames that are thought to reflect
origins outside a particular region?, such
as the British names Fleming, Flanders
and Brabant (from Belgium), or Gascoigne,
Burgoyne and Champness (from France).
Interest in using DNA analysis as an
adjunct to traditional historical research in
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genealogy will continue to grow — there
are already a number of commercial
companies offering such services. Their
customers will often hope that DNA
evidence can provide a link between
putative branches of a family that cannot
be connected by other means. However, the
finding of haplotypes matched between
individuals needs careful interpretation
and, in particular, a consideration of the
frequency of the haplotype in a relevant
population sample (often unavailable
information), which can be high, even
when as many as 16 microsatelllites are
analysed?. Forensic geneticists have
already learned these lessons®’.

The finding of mismatched haplotypes
needs to be interpreted in terms of what is
known about the mutation rates of the
markers under consideration. Binary
markers have low mutation rates
(~2 x 10-8 per generation®) and so a
mismatch will almost always exclude a
common ancestor in the past 25 generations.
Microsatellites, however, have average
mutation rates some five orders of
magnitude higher3®4° and we therefore
expect to see mutations on this timescale.

A study?® aiming to estimate Y-specific
microsatellite mutation rates used nine
microsatellites to analyse contemporary
members of several deep-rooting
pedigrees, each typically representing
6-8 generations of male-to-male
transmission from a common ancestor and
totalling 257 independent transmissions of
the Y chromosome. Four instances of single-
step differences at single microsatellite loci
were observed within this sample, and
these were interpreted as mutations.
However, three cases had differences at
more than one microsatellite locus. These
three were interpreted as the results of
non-paternity, rather than of multiple
mutation, and this conclusion was
supported when an independent
polymorphic system, a minisatellite, was
used to analyse the same individuals*L.

Although the use of, say,

50 microsatellites would greatly increase
haplotype resolution and allow surname-
specific haplotypes to be discerned,
mutations would frequently be observed
within families, and should be taken

into account: a pair of males sharing a
common great-grandfather have an
approximately 50% chance of a mutation
in at least one microsatellite in a 50-locus
haplotype, assuming a mean mutation
rate of 2 x 103 per locus®°. Ideally, the
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guestion of whether a mismatch is owing
to mutation, or represents an exclusion

of a recent common ancestor, should be
considered in terms of locus-specific
mutation rates, and the statistics of such
issues are not trivial. When a ‘paper-trail’
seems irrefutable, the DNA evidence
might sometimes conflict with it, providing
unwelcome news of an illegitimacy.

When all that is available from a
crime-scene is what forensic scientists
fastidiously refer to as a ‘stain’ (a sample of
body fluid), the police are keen to know as
much as possible about the person who left
it. Although advances in genetics will
allow the identification of genes directly
involved in certain phenotypic traits such
as pigmentation, a better understanding
of Y-chromosome-surname relationships
might one day also allow the surname of
the depositor of the stain to be deduced??,
or at least a pool of suspects to be defined.
Although Mrs Peacock and Miss Scarlett,
lacking Y chromosomes, can relax, Colonel
Mustard should await a knock at the door
with trepidation and would be well
advised to hide his lead piping.
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Book Review

Watson’s rules*

A Passion for DNA: Genes, Genomes and
Society

by James Watson

Cold Spring Harbor Laboratory Press,
2001. $25.00/£19.00 hbk (250 pages)
ISBN 087969 581 1

Isaac Newton — he
might once have said —
saw further by
standing on the
shoulders of giants.
Jim Watson, whose
scientific eyesight is
still, at 73, better than
that of many of his
juniors, preferred to
stand on their toes. As the author of the
only scientific book that can be read for
fun (A Brief History of Time sold better,
but cannot be accused of wit), he is the
intellectual grandfather of the Human
Genome Project, and — even more
remarkably — its father as well, for
without his enthusiasm that great
enterprise would never have been
conceived.

A Passion for DNA is in some ways a
sequel to Watson’s The Double Helix. Like
most sequels, it does not quite live up to
the original, butitis still agood read. A
collection of essays published over three
decades, the book is part history and part
science; part self-justification and part
polemic; and — best of all — part
autobiography of a brilliant scientist.

Watson entered the University of
Chicago at 15, propelled by a juvenile
enthusiasm for bird-watching (which puts

[Commissioned by Trends in Molecular Medicine and
published in the May issue of TMM.
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him into period: | have never metan
undergraduate who could tell a gull from
atern, although they all know about the
genome project). By 19 he was in graduate
school, and in his 20s made the discovery
that got him the Nobel Prize. He paints an
engaging picture of his juvenile self as an
enfant terrible.

He was also, it is clear, somewhat of a
terrible infant. At Chicago, he learned
that crap was best called crap, and that
robust philosophy remains. His rules for
success in science include ‘avoid dumb
people,...be prepared to get into deep
trouble,...have someone up your sleeve
who will save you when you find yourself
in deep shit,...never do anything that
bores you'.

Several of the dumb get cracks over
the knuckles (although Watson shows
matching generosity to the smart). The old
biology was, indeed, not much more than
bird-watching; and as Watson points out
without false modesty, the DNA pioneers
transformed it into an intellectually
satisfying discipline.

A Passion for DNA is refreshingly
technical in parts, and isaimed at a
scientific rather than a general audience.
Watson was keen on the idea of cancer as
aviral disease and, although that notion
has not quite paid off, he remains a
supporter of pure research against those
anxious for an immediate return. In the
1970s —when a cure for cancer was
believed to be just round the corner — he
estimated that it might take 20 to 50 years
just to understand how a cell becomes
leukemic. We are half way through that
period, still without an answer. As early
as 1972 he described human cloning as ‘a
matter far too important to be left solely
in the hands of the scientific and medical
communities’, and hinted that there
might one day be a worldwide ban. Some
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of his projections have lasted less well. In
1979 he wrote — O tempora, O mores! —
that ‘there is no capitalistic form of
molecular biology’. Now that the science
has, to some of its practitioners, become
anatomy plus cash, he might have
changed his mind.

The Double Helix was written, we
learn, as if it were a novel. Watson chose
Sir Laurence Bragg to provide a foreword
on the grounds that — as Bragg realized —
he could not then sue him for libel. Its first
title was Honest Jim (after Kingsley Amis’
hero). Harvard University Press was so
appalled that it refused to have anything
to do with the book. Watson once joked
that it could be published by the New
Yorker in its ‘Annals of Crime’, on the
grounds that people thought that he had
stolen the idea — which is almost the only
mention of Rosalind Franklin in this work
(except to point out that she did not follow
Watson's ‘Third Law’— the one about
the sleeve).

Twenty years ago, according to A
Passion for DNA, James Watson wrote
the opening chapter of a successor to
The Double Helix, to be called Calculated
Madness. The present volume is not that
one; but with luck Honest Jim is now at
work on it.
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