CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Linkage analysis demonstrates that the prothrombin G20210A mutation jointly

influences plasma prothrombin levels and risk of thrombosis

José Manuel Soria, Laura Almasy, Juan Carlos Souto, Isabel Tirado, Montserrat Borell, José Mateo, Susan Slifer,
William Stone, John Blangero, and Jordi Fontcuberta

Association studies suggest that the
G20210A mutation (G to A substitution at
nucleotide position 20210) in the pro-
thrombin gene ( PT) is associated with
increased plasma prothrombin activity
and with increased risk for venous throm-
boembolism. To test directly for linkage
between this PT variant and plasma
prothrombin activity we performed a
family-based study. The G20210A geno-
types and plasma prothrombin activity
levels were determined in 435 individuals
belonging to 22 extended Spanish fami-
lies. The sample was composed of 388
homozygous ( G/G) normal individuals

and 43 heterozygote ( G/A) and 4 homozy-
gote (A/A) carriers for the G20210A muta-
tion. The results of variance-component
linkage analysis yielded a highly signifi-
cant lod score of 3.6 ( P=2.4 x 1079
between this mutation and a quantitative
traitlocus (QTL) that influences prothrom-
bin activity. Importantly, a conditional
linkage analysis that simultaneously ac-
counted for association with the G20210A
variant completely eliminated the linkage
signal, which indicates that this mutation
affects the function of the prothrombin
gene. Additionally, a bivariate linkage
analysis of plasma prothrombin activity

and thrombosis significantly improved
the linkage signal for prothrombin activ-

ity (lod score =4.7; P=1.5 x 1075) and
provided strong evidence that this QTL
has a pleiotropic effect on the risk of
thrombosis (lod score = 2.43; P = .0004).
These results represent the first direct
genetic evidence that a QTL in the PT
gene influences prothrombin activity lev-
els and susceptibility to thrombosis and
strongly support the conclusion that
G20210A is a functional polymorphism.
(Blood. 2000;95:2780-2785)
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Introduction

Thrombosis is a disease of significant public health importance polymorphisms in addition t&T G20210A are likely to have an
is clear that genetic and environmental factors play a critical role influence on prothrombin levels.
its etiology! Recently there has been a growing interest in finding Unfortunately, the pathogenic mechanism associated with the
genetic polymorphisms that are associated with an increased risk3#0210A mutation is unknown. The observed sequence change,
thrombosis, and a number of polymorphisms in candidate gengbich substitutes a GA for a CA at or near the cleavage and
have been implicatet One such polymorphism is a geneticpolyadenylation site, may induce a relatively higher translation
variation in the 3-untranslated region of the prothrombin structuragfficiency or higher stability of the transcribed messenger RNA
(PT) gene involvig a G to Asubstitution at nucleotide position (MRNA).2Alternatively, the 2021@ allele may not be functionally
20210 (G20210A). This genetic variant is associated with afistinct. The observed association may represent an indirect
increased risk of thrombost€Compared with normal homozygotescorrelation that is due to linkage disequilibrium of the G20210A
(G/G), heterozygous@/A) carriers of the mutation have an almossite, with another sequence variation inside EBiE gene that is
3-fold increased risk of venous thrombo3fs!! responsible for elevated prothrombin levels. However, 2 stééftes
Another important finding associated with tHS polymor- have failed to identify sequence polymorphisms in either the
phism is the significant variability of prothrombin plasma levels agromoter (from—1050 base pair [bp]) or coding region of tR&
a function of G20210A genotypes. For example, the mutdAt gene that are in linkage disequilibrium with the G20210A mutation.
homozygotes exhibit the highest valdéslsing data from Poortet ~ To date, thrombosis-related genetic epidemiological research
al.2we can calculate that at least 6.7% of the phenotypic variancetias concentrated on classical association studies in which polymor-
prothrombin levels is attributable to this chromosomal region in thghic variations of candidate genes were assessed in unrelated
Dutch population. In a family-based study, we previously demoimndividuals?- Typically, case-control comparisons were performed
strated that prothrombin levels have a significant genetic compo-evaluate whether the candidate locus had any effect on the risk of
nent, with a heritability of 49982 This high heritability indicates disease. Such studies suffer from a major epidemiological weak-
that genetic factors play an important role in determining prothromess because estimates of a genetic effect are usually too low and
bin levels in the general population and also suggests that otimearkedly underestimate the relative importance of the candidate
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gene. Also, from such studies it is impossible to determingeficiency, factor V Leiden, dysfibrogenemia, lupus anticoagulant, and
unequivocally if the effects are due to linkage disequilibABiior  antiphospholipid antibodies. These thrombophilic factors were also absent
if the marker is itself a susceptibility factor. These studies are alépall affected relatives of the probands. We randomly selected 9 families as

prone to type | errors, or a false or mistaken result, due to hiddEﬁntrOIS without regard to phenotype, but with similar pedigree size as that
of the pedigrees ascertained through thrombophilic probands.

population genetic heterogeneity. In contrast, the power of family" The subjects were interviewed by a physician to determine their health

based genetic analyses comes from the possibility to Iocahéﬁd reproductive history, current medications, and use of sex hormones

directly and evgluate accuratgly the POte”t'a' effect .Of a d'sea@‘?al contraceptives or hormonal replacement therapy) and whether they
locus through linkage analysis. Family-based studies can alggre current or former smokers. The subjects were also questioned about
exploit information on linkage disequilibrium to unequivocallyprevious episodes of venous or arterial thrombosis, the age at which these
determine whether a particular polymorphism is responsible for agents occurred, and the presence of potentially correlated disorders such
observed linkage signat.However, few studié$?? have used a as diabetes and lipid disease. All of the procedures were reviewed by
family-based approach to demonstrate or exclude linkage betwée Institutional Review Board of the Hospital de Sant Pau, Barcelona,
a putative disease locus influencing risk of thrombosis arsgpain. Adult subjects gave informed consent for themselves and for their
candidate genes (eg, factor V Leiden mutatioPBIOSgene). minor children.

Given the paucity of _information in this respe_ct concern_ing thﬁlood collection and phenotype analyses
PTG20210A polymorphism, we performed a family-based linkage/
disequilibrium analysis using extended Spanish kindreds. Becaleod was obtained from the antecubital vein following a 12-hour fast.

the Spanish population exhibits one of the highest carrier freque%amples for hemostatic tests were collected in 1/10 volume of 0.129 mol/L
cies (6.5%) of the G20210A mutation in the wofl8011.21-24¢ js sodium citrate. None of the individuals were being treated with anticoagu-

an excellent population in which to conduct such a Iinkagi%nt therapy at the time of sample collection. Assays for activated partial

vsis. O - | to obtai ; | evid omboplastin time (APTT), prothrombin time (PT), and coagulation
analysis. Our main goals were to obtain unequivocal evidence gl o\ ere performed immediately on fresh plasma samples. The remain-

linkage, rather than mere association, offfigpolymorphism with ing plasma samples were stored-#80°C until use.
a quantitative trait locus (QTL) that influences prothrombin levels " the following phenotypes were measured as previously desctbed
and to determine whether this polymorphism is itself responsibieTT; PT; fibrinogen; coagulation factors including prothrombin, which
for any genetic effects attributable to tR& gene. was assayed using deficient plasma (Diagnostica Stago, rasni8pain);
functional, free, and total protein S; activated protein C resistance;
antithrombin; protein C; heparin cofactor II; plasminogen; plasminogen
activator inhibitor; tissue plasminogen activator; dimerized plasmin frag-
ment D (D-dimer); tissue factor; von Willebrand factor; levels of histidine-
Enroliment of family members rich glycoprotein; and tissue factor pathway inhibitor. To reduce measure-
ment error, all assays were performed in duplicate, and the average value

The Spanish families available for our studies were provided by the GAlfas calculated for each person. Intra-assay and inter-assay coefficients of
(Genetic Analysis of Idiopathic Thrombophilia) Project. The GAIT Projecyariation were generally estimated between 2% and 6%.

has been described in detail elsewh€rBriefly, our sample included 435
individuals: 397 individuals were from 21 families of the GAIT projétt, Genotype analysis

and 38 individuals were from an additional family with identical criteria, .
which we recruited and used expressly for this study. The depth aRiVA was extracted using the standard protoédlé/e genotyped th@T

complexity of these pedigrees is illustrated in Table 1. To be included in tf@?0210A and factor V Leiden mutations in 435 individuals using the 4
study, a family had to have at least 10 living individuals in 3 or mor@'imers previously describétlin a multiplex—polymerase chain reaction
generations (ie, extended pedigrees). Thirteen families were selectB!iPlex-PCR), with minor modification in the reaction conditions.
through a proband with idiopathic thrombophilia, which was defined &31€fly, we used a 50-uL mixture containing 20 mmol/L Tris-HCI (trishy-
either multiple thrombotic events (at least 1 of which was spontaneous)di@xymethyl] aminomethane-hydrochloride, pH 8.2), 2 mmol/L magne-
single spontaneous episode of thrombosis with a first-degree relative atégn chloride (MgCl), 0.2 mmol/L of each nucleosidetiphosphate, 0.5
affected, or onset of thrombosis before 45 years of age. The probandOl/L of each primer, 250 ng DNA, and 1.5 unifisg-gold(Perkin Elmer,
thrombophilia was considered idiopathic because all known (during th®rwalk, CT). The mixture was subjected to 40 cycles at 95°C for 10
recruitment period of 1995-1996) biological causes of thrombophilia wefBinutes, 55°C for 1 minute, and 72°C for 1 minute, with a final extension
excluded including antithrombin deficiency, protein S and C deficiencie3{€P Of 72°C for 10 minutes. The 175-bp and 118-bp PCR products were

activated protein C resistance, plasminogen deficiency, heparin cofactofli§ested withTaql (Biolabs, Beverly, MA) and electrophoresed on a 3%
Nusieve GTG agarose gel (FMC Bioproducts, Rockland, ME).

The genotypic data were entered into a database and were analyzed
for discrepancies (ie, violations of Mendelian inheritance), using the
Degree of program INFER available in PEDSYS, the pedigree-oriented database

Patients and methods

Table 1. Examined relative pairs in the 22 pedigrees

n Relationship Relationship  gystem (Southwest Foundation for Biomedical Research, San Antonio,
435 Self 0 TX).27
1 Monozygotic twin pair 0 ) ) )
497 Parent-offspring 1 Allelic frequency and identical-by-descent (IBD)
361 Siblings 1 probability estimation
2 t- hil 2 . Lo .
%6 Grandparent-grandchild Because the sample contained related individuals, we used a maximum
770 Avuncular 2 Lo . R
4 Half-siblinds 5 likelihood method, which accounted for pedigree structure, and a computer
9 ) program package (SOLAR, Southwest Foundation for Biomedical Re-
13 Great grandparent-grandchild 3 . . . .
search, San Antonio, TX to estimate allelic frequencies at tR& locus.
162 Grand avuncular 3 L . - . .
669 First cousins 3 After obtaining these maximum likelihood estimates, we estimated the
probabilities of sharing alleles that are identical-by-descent (IBD) for all
9 Great grand avuncular 4 . L . - . .
) ) pairs of individuals using the likelihood-based approach described in
325 First cousins, once removed 4 . . L
, Almasy and Blangeré® The resulting matrix of IBD probabilities was then
79 Second cousins 5

used in all subsequent linkage analyses.
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Linkage analysis Table 2. Composition of 22 families who participated in the study

Pedigree-based variance component linkage analyses were perform;8d"” ) Numberof - Male/ — Affected
28 . . umber Ascertained Individuals Female Thrombosis G/G G/A
(SOLAR.?8 The variance component method uses the correlation in

S

phenotype between relatives to partition the trait variance into components Thrombosis 21 15/6 4 21 0 o0
attributable to the additive effects of unspecified genes; the effects of geneg Thrombosis 38 19/19 4 38 0 0
in the region of linkage; and a residual component consisting of environmen-3 Thrombosis 13 5/8 3 3 0 0
tal effects, measurement error, and nonadditive genetic effects such a$ Thrombosis u 6/5 4 1 o0 o
dominance. Information on genome-wide additive genetic effects (ie,> Thrombosis 10 6/4 2 2 6 2
heritability) comes from the kinship between family members, while 6 Thrombosis 33 10/23 7 32 1 0
linkage information regarding specific quantitative trait loci is provided by 7 Thrombosis 20 10710 4 14 6 0
estimates of IBD allele sharing between individuals for each genetic marker8 Thrombosis 14 5/9 5 4 0 0
tested. Sex, sex-specific age, and age-squared were included as covariates  Thrombosis 13 8/5 4 13 0 O
in all of the analyses. Variance component-based linkage analysis of th& Thrombosis 14 n 3 4 0 0
discrete trait, thrombosis affection status, was performed similarly using &1 Control 22 15/7 2 5 7 0
threshold model as described elsewt@ra.bivariate linkage analysis of 12 Control 27 14/13 0 26 1 0
plasma prothrombin activity and thrombosis, which uses the correlation$3 Control 22 10112 0 22 0o o0
between phenotypes to test hypotheses of pleiotropy and to improve powétf Control 15 6/9 1 15 0 o0
to detect linkage, was performed using the mixed discrete/continuous traté Control 14 3/11 0 14 0 0
multivariate model of Williams et & 16 Control 24 10/14 0 240 0

17 Control 17 11/6 0 13 4 0
Combined linkage/disequilibrium analysis 18 Control 22 7115 3 2 0 o0

19 Control 20 9/11 0 20 0 0
Quantitative trait association analysBJLAR?® was performed using the 5 Thrombosis 18 711 3 8 0 0
measured genotype appro&thy testing for genotype-specific differences Thrombosis 9 36 2 9 0o o
in the means of traits while allowing for nonindependence among family,, Thrombosis 38 20/18 2 18 18 2
members. To assess linkage and association simultanéé8sgn exten- 144 435 2071228 57 388 43 4

sion of the variance component-based linkage test was performed by
simultaneously incorporating the genotype-specific means of the measured
genotype test. These analyses were performed using the SOLAR p&ékage.
If a variant is functional and there are no other functional variants in the
candidate gene under investigation, then a linkage analysis that is pe&ir, respectively. Likelihood-based analysis of the genotype data,
formed conditional on the measured genotypes (ie, a linkage test in whiglhich allows for the nonindependence of genotypes among
the measured genotypes are controlled for) should yield no evidence fefatives, yielded a maximum-likelihood estimate of the 20210A
linkage. This is because all genetic variance that is due to the QTL will bg|g|e frequency equal to 0.0304 in these families. Assuming the
removed when the QTL is itself used as a covariate. Alternatively, if ﬁardy-Weinberg equilibrium, this allele frequency predicts a
variant is merely in linkage disequilibrium with a functional site, "nkag%eterozygote frequency of 0.0590, which is consistent with previ-
analyses will have additional predictive power over the measured genoty(?e timates for the S . h ’I iR
test and will yield evidence for linkage. us es Ima'es orthe .par.1|.s popula o .

The estimated heritability of prothrombin activity level was
Hypothesis testing and parameter estimation 0.51 = 0.09. This is consistent with our previous estimate of

0.49+ 0.088 in a subset of these famili€d.inkage analysis using

Variance component parameters were estimated through maximum ”k?H'e maximum-likelihood estimate of the IBD probability matrix for
hood methods, and hypothesis testing was performed using likelihood ratio . . 5
test statistic$334As some families were ascertained through thrombophil(’ijﬁHe G20210A variant yielded a lod score of 3/ 2.4 X 10°)

probands, all analyses were performed with an ascertainment correctiol gotween the GZOZ]‘_OA variant and a putatlye _QTL that. influences
allow unbiased estimation of parameters relevant to the general populati}e Prothrombin activity levels at a recombination fraction of 0.0.
This was achieved by conditioning the likelihood of the pedigree on thEN€ results support the presence of a major QTL in the region of the
phenotype of the probarid:3® PT gene. Given this unequivocal evidence for linkage, we per-
formed an association analysis to test for linkage dis-
equilibrium between the QTL and the G20210A variant. This
Results measured genotype analysis revealed significant differences among
the 3 genotypes in their plasma prothrombin values:
The composition of the families studied, including their ascertailtsG = 123.6+ 1.8, GA= 141.1+ 3.7, and AA= 167.7*= 8.4,
ment, sex, the number of individuals, and whether or not @< 1 X 10°7. Figure 1 shows the prothrombin activity levels
individual was affected with thrombosis, and the G20210A gencelated to the 3 genotypes.
types are given in Table 2. Among the 435 individuals included in When we performed a combined linkage/disequilibrium analy-
our sample, 57 individuals had venous or arterial thrombosis. 6 that accounted for the association of QTL with the mutation,
these, 51 were members of the families ascertained throutfere was no evidence (Ied 0.0) of additional functional polymor-
thrombophilic probands, and 6 were from the randomly ascertainglisms in thePT gene. Under the assumption that the G20210A
families. The age at diagnosis of first thrombosis ranged fromutation affects the function of tH&T locus, we calculated that this
12-76 years, with a mean of 44.5 years. Of the 57 affected peopieytation accounts for 6.1% of the variance in prothrombin activity
16 (28%) had multiple thrombotic events. levels in this population. Although the G20210A mutation has a
The individuals were genotyped for the G20210A allelic variartiighly significant effect on prothrombin activity, there remains
by PCR. We found 388 homozygotes for the common variastibstantial residual genetic variation in prothrombin activity even
(G/G), 43 heterozygotesx/A), and 4 homozygotes for thReallele  after taking into account the G20210A mutation. This indicates that
(A/A). The rareA/A homozygotes were members of families 5 anthere are other genes that influence prothrombin activity level.
22 (Table 2) and represented 1 parent-offspring pair and 1 sibling Because high prothrombin levels appear to predispose to
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gous for theG allele. This estimate is consistent with earlier
° estimates of the risk associated with this mutafion.
Given the potential correlation between prothrombin levels and
1907 . the risk of thrombosis, we performed a joint bivariate linkage
analysis using both of these phenotypes simultaneously. This
1701 . bivariate linkage analysis of plasma prothrombin activity and
e o3 «* —— thrombosis significantly strengthened the linkage signal for pro-
B 00950 . thrombin activity (lod= 4.7;P = 1.5 X 10-) and provided strong
2 005000 ot evidence that this QTL has a pleiotropic effect on the risk of
Q 1507 898%90 o® . . e .. L
B e 0% thrombosis (lod= 2.43;P = .0004). This improvement in linkage
- 0&90%00 ® a0 . . . . .
= 5&8@;“(&88% ... signal is a dlre(_:t functl_orj of the corrglatlon be.tween these_2
5 1304 %%‘@,@;g 8, phenotypes, which exhibited a genetic correlation of 0.24 in
o ity 3 e this sample.
£ % 0.
-g oo aney 00 .:.
c9 110 TRREB % ) )
5 ‘%?E e Discussion
a °Eoséggs&8 . o _
901 898 This is the first large family-based study to measure the effect of the
°°gg° G20210A mutation. Our approach was to gather and analyze data
. using extended pedigrees that were systematically collected to
701 o° allow for ascertainment correction and general population infer-
ences. Most of the knowledge regarding the genetic factors
involved in common thrombosis has come from association studies
50 that employed case-control designs to look at known polymorphic
GIG G/A AA variations in candidate gen&337 Although such studies provide
Figure 1. The percent of prothrombin antigen levels according to the 3 important evidence for genetic effects, they are limited to known

genotypes for the G20210A mutation.  The horizontal bar indicates the mean level

in each group. candidate genes, and they are susceptible to type | errors due to

hidden population stratification. In addition, they do not have the
advantage of exploiting genetic transmission in pedigreed families,
and thus they are unable to reliably estimate the relative importance
thrombosis; we thought that it would be prudent to examine thes genetic factors in determining within-population variation in
possible effect of this QTL on the risk of thrombosis. Among the 4g, o mnosis riske Family-based studies eliminate these problems,
heterozygousA/G) |nd|V|duaIs_, 9 |nd|vu_1|uals were ;ymptomatlc,a|th0ugh their costs tend to be greater.
and 34 were free of thrombosis at the time of examination. Among Our study confirms and extends the previously indirect observa-

the 4A/Aindividuals, only l h‘?‘i‘ suﬁereq from.thrombotic diseasgtion that individuals with different genotypes for the G20210A

;I;]heréftz)(r)(;,laorxong Ihs 57 individuals V\;'th ar(')Stprg.o.];thrlomt_ms'ﬁlutation showed significant differences in their plasma prothrom-

hoemoz s X“J}fg‘ h‘gf‘esmgref)i'; ('3” - divlizule;llls “?hsé E Bin levels. The additive genetic heritability of plasma prothrombin
ygousA/A) Y9 (©) i levels is relatively high (greater than 50%), indicating that a

symptomatic members of the remaining families wWé/& homo- . . . o
. L ) substantial portion of the phenotypic variation in plasma prothrom-
zygotes, and their genetic risk factors for thrombosis have not been . "
. T in levels is due to the additive effects of genes.
determined. Because of the variation in age-at-onset of thromboSis - .
In this study we have extended our previous results by

and the nonindependence of the related individuals in the sample, } . . .
cumenting the close linkage between a QTL influencing prothrom-

simple tabulations comparing genotype frequencies were level d th hrombi ifically th
appropriate. To obviate this problem, we performed analyses ‘Jf' '€V€'S an the prothrombin gene (specifically the G20210A

thrombosis using a normal threshold model that allows for sex- afit@tion). The observed lod score of 3.6 is highly significant and
age-specific risks. The threshold model is very similar to a standd¥PVides strong evidence for the existence of a QTL influencing
logistic regression model that is commonly used in epidemiologicBfothrombin activity. The complete elimination of evidence for
studies. However, threshold models are superior to standdftk@ge, when we simultaneously allowed for an association
logistic regression models for family-based studies because tH§fween the G20210A mutation and prothrombin levels, is consis-
allow for correlation among family members. tent with a direct functional effect of this locus. The G20210A
We performed a variance-component linkage analysis for theutation accounts completely for the genetic linkage signal we
presence of thrombosis with the G20210A mutation using tibserved. Although we cannot exclude the possibility that part of
normal threshold model. The heritability of thrombosis risk waliie remaining genetic variance is due to unknown mutations in the
estimated as 0.64 0.13. The lod score for this marginal analysigrothrombin gene, the most probable origin should be other
was only suggestive of linkage (lod 0.44;P = .077). Association unknown genes. This result supports our previous observation that
analysis using the measured genotype approach provided evidefedtiple genes of varying effects will be involved in determining
for significant differences in risk among G20210A genotypeg¢ariation in hemostasis-related phenotypes.
(P = .03). The results from the measured genotype analysis can beOur results support the hypothesis that G20210A is a functional
translated into standardized odds ratios. For example, the expedtadation. They are consistent with previously reported studies that
odds ratio for 50-year-old heterozygote male carriers is 3.27. Thiigiled to find other polymorphisms in the coding region and in the
a heterozygote would be approximately 3 times as likely te-1050-bp region of the promoter of the prothrombin gene, which
experience a thrombotic event than would an individual homozynight be in linkage disequilibrium with the G20210A mutatfott.
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However, the mechanisms by which the G20210A mutation causgsus individuals is consistent with the previous estirated
the increase in plasma prothrombin levels and by which it confeirsdicates at least a 3-fold increase in the risk of thrombosis. Our
an increased risk of thrombosis remain to be elucidated. Both thivariate analysis was able to substantially enhance this linkage
location of the G20210A mutation in the’-BIT region of the signal by simultaneously exploiting the quantitative variability of
prothrombin gene and our result demonstrating that this mutatipfasma prothrombin levels in tandem with the risk of thrombosis.
accounts for the majority of variability observed in prothrombirThis approach is based on the exploitation of the continuous
levels that can be assigned to this chromosomal region suggest te@dtionship between such risk factors and disease status and has
the mutation is involved in some regulatory mechanism that may been shown to dramatically increase the power to detect and
related to translation efficiency or higher stability of the transcribegccurately localize QTL® The current results confirm the valu-
mRNA. Further studies are necessary to address these questiongble potential of this approach as a basic tool for mapping the genes
We have demonstrated that this QTL also has a pleiotropig complex diseases.
effect on the risk of thrombosis. In these analyses we have used an summary, these results represent the first direct genetic
broad definition of thrombosis that includes both venous angidence thata QTL in theT gene influences prothrombin activity
arterial events. We recognize that this is a controversial strate@els and susceptibility to thrombosis and strongly support the

However, there is a growing body of evidence to suggest that tBenclusion that G20210A represents a functional polymorphism.
genetic influences on venous and arterial thrombosis may overlap

substantially. While the environmental triggers of venous and
arterial events may differ, many of the underlying biological ”S‘ACknowIedgments
factors are the same. Levels of homocystéfféfactor VIII, and
von Willebrand factof*42 are all correlated with the risk of both We are grateful to a number of physicians who assisted in the
venous and arterial forms of thrombosis. Additionally, analysekscertainment and recruitment of thrombophilic pedigrees: Javier
from The GAIT Project suggest that the genetic correlatioRodfiguez Martorell, Hospital Universitario Puerta del Mafdza
between venous and arterial thromboses is not significantly difféspain; Carmen Aragisa Hospital Arnau de Vilanova, Lleida,
ent from one that indicates that these 2 conditions share thgain; Francisco Velasco, Hospital Reina Sofiaydoba, Spain;
majority of their genetic influences (unpublished data). In any caddontserrat Maicas, Hospital General de Albacete; and Dilia Brito,
if venous and arterial thromboses are genetically distinct, includiftpspital Carlos Haya, Maga, Spain. We would also like to
them both in the same genetic analyses would be conservatigeknowledge the data management of Alfonso Buil and the
thereby reducing apparent genetic effects rather than magnifgehnical assistance of Imma Coll, Cristina Vall\@olors Llobet,
ing them. and Teresa Urrutia. Finally, we are deeply grateful to all of the
Our predicted risk ratio for thrombosis in G20210A heterozyfamilies who have participated in The GAIT Project.
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