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Prothrombin 20210G>A is an ancestral prothrombotic mutation that occurred
in whites approximately 24 000 years ago
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Ferial Peyvandi, Joseph Emmerich, and Uri Seligsohn

Prothrombin 20210G > A and factor V Lei-
den are common prothrombotic muta-
tions in whites for which founder effects
have been established. In this study, we
analyzed the frequencies of 5 single nucle-
otide polymorphisms (SNPs) and 9 micro-
satellites flanking the prothrombin gene
(F2)in 88 homozygotes for 20210A and 66
homozygotes for 20210G. For estimating
the age of the prothrombin 20210G>A
mutation, we used the DMLE+2.0 pro-

gram, which analyzed linkage disequilib-
ria between the mutation and the multiple
markers that had been assessed. This
analysis yielded an age estimate of 23 720
years (95% credible set, 19 080-31 340
years). A similar analysis by the
DMLE+2.0 program was performed on 5
SNPs from previously studied homozy-
gotes for factor V Leiden and controls
that yielded an age estimate of 21 340
years (95% credible set, 16 880-29 480

years). The occurrence of the 2 mutations
in whites toward the end of the last glacia-
tion and their presently wide distribution
in whites suggest selective evolutionary
advantages for which some evidence was
reported (diminished blood loss) or is
controversial (protection against infec-
tions). (Blood. 2006;107:4666-4668)
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Introduction

The prothrombotic prothrombin 20210G>A mutation, first de-
scribed in 1996 as an inherited thrombophilia,! confers an in-
creased risk for venous thrombosis with an odds ratio of 3.8 (95%
CI, 3.0-4.9).2 This G to A change in the 3’-untranslated region of
the prothrombin mRNA probably introduces a more effective
polyadenylation site giving rise to increased mRNA and protein
expression.>* Prothrombin 20210G>A is prevalent in whites but
not in Africans or Asians.’ In a previous study of 123 white
heterozygotes and 10 homozygotes for prothrombin 20210G>A,
haplotype analyses established a single ancestral origin for
the mutation.®

The aim of the present study was to estimate the age of the
prothrombin mutation by calculations based on analyses of the
frequency and variability of polymorphisms flanking both sides of
the prothrombin gene (F2) in 20210A homozygotes and 20210G
homozygous controls from various white populations.

Study design

Unidentifiable stored DNA samples from 88 unrelated whites who were
previously diagnosed as homozygotes for prothrombin 20210A were retrieved or
sent to the laboratory in Israel and verified to harbor the genotype. Nineteen
subjects were from Israel, 20 from France, 17 from Italy, 16 from Austria, 6 from
Germany, 4 from Spain, 3 from the Netherlands, and 3 from the United States,
Norway, and Australia. Unidentifiable stored DNA samples from 66 healthy
whites (45 from Israel, 18 from France, and 3 from Austria) who were

homozygotes for prothrombin 20210G were also examined. The institutional
review board of the Sheba Medical Center approved the study, and patients
provided informed consent.

Nine multiallelic microsatellite polymorphisms (3 or 4 nucleotide
repeats) and 5 single nucleotide polymorphisms (SNPs) flanking the
prothrombin gene (F2) over distances of approximately 1 Mb 3" and 2.4 Mb
5’ to the gene were analyzed in homozygotes for 20210A and 20210G. The
microsatellites and SNPs were identified in the human genome working
draft (www.genome.ucsc.edu) and NCBI SNP database (www.ncbi.nlm.
nih.gov)’, respectively. The analyses of the microsatellites were performed
by specific polymerase chain reactions (PCRs) in the presence of radiolabeled
dCTP, separation by polyacrylamide gel electrophoresis, and assessment by
autoradiography, and the SNPs were assessed by PCRs and restriction
analyses (available upon request from azivelin @sheba.health.gov.il).

Estimating the age of the prothrombin 20210G>A mutation was done
by the DMLE+2.0 software program (www.dmle.org). This program was
designed for high-resolution mapping of disease mutations and for estimat-
ing their age. It is based on the observed linkage disequilibrium between a
mutation and linked markers tested in DNA samples of unrelated affected
individuals and controls.®? The parameters used were as follows: genotypes
of microsatellites and SNPs in affected (20210A) and unaffected (20210G)
chromosomes; chromosome map distances taken from the human genome
working draft; a population growth rate of 0.0075 in Europeans!?; the ratio
of affected chromosomes sampled and the product of the current European
population—730 million (Population Reference Bureau)!'; and 2% mean
carrier frequency of prothrombin 20210A allele.'?

The DMLE+2.0 program was also used for re-estimating accurately the
age of factor V Leiden by using data on 5 SNPs examined in an earlier study
in 117 homozygotes for factor V Leiden and 167 controls.!?
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Results and discussion

Figure 1A displays the frequencies of 5 SNPs flanking the
prothrombin 20210G>A mutation and spanning approximately 1.6
Mb of the chromosome harboring the prothrombin gene F2. For 4
of the 5 SNPs, there was a significant difference in the frequency
observed in 20210A and 20210G alleles and for the fifth, at a
distance of 0.734 Mb 5’ from the mutation, this difference was
insignificant, likely because of recombinations.

Figure 1B displays the frequencies of 9 microsatellitic nucleo-
tide repeats in 20210A and 20210G alleles. The microsatellites
spanned approximately 3.2 Mb of the chromosome bearing the
prothrombin gene F2 (ie, from 2.4 Mb 5’ to the mutation to 0.8 Mb
3’ to the mutation). The differences in the frequencies were highly
significant for the 3’ microsatellites and 5’ microsatellites up to 0.7
Mb from the mutation, and they diminished at a larger 5’ distance.

We then used the DMLE+2.0 program for estimating the age of
the prothrombin 20210G> A mutation by separate analyses of the
data for SNPs and the data for microsatellites. Figure 2 shows that
when we used the SNP data and assumed 20 years for a generation,
the age of the mutation was 21 060 years (95% credible set,
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Figure 1. Frequency of extragenic polymorphisms in alleles bearing normal
prothrombin 20210G (M) and mutant prothrombin 20210A (CJ). (A) Five diallelic
polymorphisms designated by their rs number (NCBI SNP database). (B) Nine
microsatellites (depicted are only the alleles with a frequency of more than 2.5% in
either normal or mutant alleles). The number of chromosomes examined, distance of
each polymorphism from the mutation, and the statistical significance of the
difference in the frequency between the normal and mutant alleles are shown.
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Figure 2. Age estimates of the prothrombin 20210G>A (PT) and factor V Leiden
(FV) mutations by the DMLE+2.0 program. For the prothrombin mutation,
separate analyses were carried out using single nucleotide polymorphisms (SNPs),
microsatellites (repeats), and both. For FV Leiden only SNPs were used.

C PSP TST S S
generations

Peak: 1186 generations (95% CS 954-1567)

15 040-27 960 years), and when we used the microsatellite data,
the age was 23 280 years (95% credible set, 18 680-28 720 years).
Thus, these separate analyses yielded age estimates that were only
2200 years apart. When both SNP and microsatellite data were
introduced into the program, the age estimate was 23 720 years
(95% credible set, 19 080-31 340 years). Re-estimation of the
mutational age of factor V Leiden by the advanced DMLE+2.0
program yielded 21 340 years (95% credible set, 16 880-29 480
years), which is remarkably close to the 24 000-year age estimate
for the prothrombin 20210G>A mutation (Figure 2).

These data imply that the white founders of prothrombin
20210G>A mutation and factor V Leiden lived toward the end of
the last Pleistocene glaciation. This period heralded extensive
growth of populations, migration throughout the world, and
development of agriculture. It is tempting to speculate that the
founders of both mutations lived in the Middle East because
currently the prevalence of both mutations is higher in ancient
Middle Eastern populations than in other white populations. Thus,
factor V Leiden is present in 12% to 14% of Arabs residing in
Israel, Jordan, Lebanon, and Syria,'*!5 and prothrombin 20210G>A
is present in 6.7% of Ashkenazi Jews, 5.5% of North African Jews,
and 4% of Iraqi Jews, whereas in European populations the
prevalence of factor V Leiden (except for Southern Swedes) is
approximately 4% to 5% and the prevalence of prothrombin
20210G>A'is 1.7% to 4%.'2

The widespread distribution of both mutations among all whites
raises the question whether they have conferred a selective
advantage during evolution. A selective disadvantage (ie, thrombo-
sis) is unlikely because until recent centuries humans did not live
long enough to manifest a meaningful incidence of thrombosis. On
the other hand, augmented hemostasis conceivably conferred a
selective advantage by reducing mortality from postpartum hemor-
rhage, menorrhagia associated with severe iron deficiency anemia,
and posttraumatic bleeding. Indeed, the amount of blood lost
during labor is significantly smaller in heterozygotes for factor V
Leiden than in women not carrying the mutation,'® and profuse
menstrual bleeding is significantly less common in factor V
heterozygotes.!’

Another proposed selective advantage for factor V Leiden is
protection against infection. In a study of the effect of recombinant
activated protein C infusion or placebo in cases with severe sepsis,
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it was shown that the 28-day all-cause mortality was significantly
reduced in heterozygous carriers of factor V Leiden compared with
noncarriers in both treatment and control arms.'® Moreover,
mortality following endotoxin administration in mice heterozygous
for factor V Leiden was significantly lower than in wild-type
animals or homozygotes for factor V Leiden. However, in a later
single-arm study of recombinant activated protein C infusion in
patients with severe sepsis, there was no significant difference in
mortality in carriers and noncarriers of factor V Leiden.!® Also, the
Copenhagen city population-based study failed to discern a persis-
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tent significant difference in the vulnerability of carriers and
noncarriers toward infections.”’ Thus, whether factor V Leiden
confers protection against infections is controversial.
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