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A Single Genetic Origin for the Common Prothrombotic G20210A Polymorphism
in the Prothrombin Gene

By Ariella Zivelin, Nurit Rosenberg, Shlomit Faier, Nurit Kornbrot, Hava Peretz, Christine Mannhalter,
Marie Helene Horellou, and Uri Seligsohn

The polymorphism G20210A in the 3’ untranslated region of
the prothrombin gene is associated with an increased level
of factor Il activity and confers a twofold to fivefold increase
in the risk for venous thromboembolism. Among Caucasian
populations, the prevalence of factor Il G20210A heterozy-
gotes is 1% to 6%, whereas in non-Caucasian populations it
is very rare or absent. The aim of the present study was to
discern whether factor Il G20210A originated from a single or
recurrent mutational events. Allele frequencies of four dimor-
phisms spanning 16 of 21 kb of the factor Il gene were
determined in 133 unrelated Caucasian subjects of Jewish,

homozygotes and 123 heterozygotes) and 110 Caucasian
controls. Remarkable differences in the allele frequencies for
each dimorphism were observed between the study groups
(P = .0007 or less), indicating strong linkage disequilibrium
and suggesting a founder effect. Indeed, a founder haplotype
was present in 68% of 20210A mutant alleles and only in 34%
of 20210G normal alleles (P < .0001). These data strongly
support a single origin for factor Il G20210A that probably
occurred after the divergence of Africans from non-Africans
and of Caucasoid from Mongoloid subpopulations.

© 1998 by The American Society of Hematology.

Austrian, and French origins who bore factor Il G20210A (10

N RECENT YEARS, there has been a growing interest in In contrast to these figures, factor Il G20210A was found in
finding genetic polymorphisms that are associated with aronly 1 of 441 African Americari§ and was absent among 231

increased risk of venous thromboembolism (VTE). ResistancéAmerindians from BraziP2° and 210 Japanese subjettst
to activated protein C (APC) caused predominantly by aTaken together, these data suggest that, similarly to factor V
substitution of G by A at nt 1691 of the factor V gene is G1691A, factor Il G20210A is confined to Caucasian popula-
currently the most commonly observed prothrombotic polymor-tions.
phisi# It is found in patients with idiopathic VTE at a In this study, we addressed the question of whether factor II
frequency of 20% to 60%, depending on the mode of theirG20210A occurred in a single founder or resulted from
selectior®” In Caucasians, the allele frequency of factor V recurrent mutational events.
G1691A varies from 1% to 8%!° whereas among Africans,
Chinese, Japanese, and native North and South Americans, this
polymorphism is abseftWe recently showed that factor V. Study groups and collection of samplesio determine the preva-
G1691A originated from a single mutational event that tooklence of the polymorphism in different Jewish ethnic groups, subjects
place about 21,000 to 34,000 years ago after the evolutionaryith no history of venous thrombosis were recruited from consecutive
divergence of non-Africans from Africans and of Caucasiansadmissions to the hospital, outpatient clinics, hospital personnel, and
from Mongoloids? army personnel. The ethnic origin was determined by the country of

Another prothrombotic polymorphism in the factor Il (pro- origin of the 4 grandparents of the subjects. DNA samples that turne_d
thrombin) gene was recently shown to be associated with an ut to be hom_ozygous normal (G20210) served as con_trols for a.n"?“ys's
increased risk of VTR This polymorphisma G to Anucleo- of polymorphisms and haplotypes (see below). To dgflne thg origin of
. L ) . . factor Il G20210A, we analyzed DNA samples of previously diagnosed

tide transition at nt 20210 in the’ Zintranslated region of the  pomozygotes from Israel, Austria, and France and heterozygotes of

factor Il gene, is located at or near the cleavage site of thejewish origin. The collection of the samples was approved by the
mRNA precursor to which poly A is addéé@The factor Il gene  Human Subject Ethics Committee of the Sheba Medical Center.
is localized on chromosome 11 near the centrork&spans Detection of factor Il gene 20210A alleleFactor Il G20210A was
approximately 21,000 bp, and is composed of 14 exons and 18etected by a slight modification of the originally described mefod.
introns?2 Patients bearing the factor Il G20210A polymorphism The 345-bp DNA fragment amplified by polymerase chain reaction
have an increased plasma factor Il level for which no explana{PCR) was simultaneously digested Bindlll for detection of the
tion has so far been provided.
Four independent studies from The Netherlands, England, grom the Institute of Thrombosis and Hemostasis, Department of
and Sweden showed that the factor Il polymorphism waspematology, Sheba Medical Center, Tel Aviv University, Tel Aviv, Israel;
associated with a twofold to fivefold increase in risk of the Department of Laboratory Medicine, University of Vienna, Vienna,
VTE.1114-16 These studies included a total number of 1,293 Austria; and The Central Laboratory of Hematology, Hotel-Dieu
unselected patients with idiopathic VTE, of whom 73 (5.6%; Hospital, Paris, France.
range, 5.0% to 7.1%) were heterozygotes for the factor | Submitted February 26, 1998; accepted May 27, 1998.
20210A allele. In contrast, only 31 (1.8%) of 1,428 matched Address reprint requests to Uri Seligsohn, MD, Institute of Thrombo-
controls (range, 1.2% to 2.6%) were heterozygous for theSis and Hemostasis, Department qf Hematology, Sheba Mgdical Center,
polymorphism, predicting an allele frequency of 0.009 in North Tel Hashomer 52621, Israel; e-mail: zeligson@post.tau.ac.il.

. i The publication costs of this article were defrayed in part by page
and Western European populations. Additional data recentl)éharge payment. This article must therefore be hereby mrkekr-

Compiled by Rosendaal etlébisclosed that the prevalence of {isement’in accordance with 18 U.S.C. section 1734 solely to indicate
carriers of factor Il G20210A in healthy Northern Europeans this fact.

was similar, ie, 1.7%, whereas in Southern Europeans the o 1998 by The American Society of Hematology.

prevalence was nearly twice (396). 0006-4971/98/9204-0037$3.00/0
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M GG AG AA

—204 ..
(HindIII)
—_ 181 Fig 1. Detection of factor Il
G20210A polymorphism: homo-
zygote AA, heterozygote GA, and
homozygous normal GG. Note
the constant fragment obtained
by Msp | digestion. The marker
(M), an Alu-digested pBR322, was
— 141 (Mspl) used as a molecular weight stan-
dard. Numbers on the right of
the gel indicate the size (in base-
pairs) of the bands.

polymorphism and bwsp | (5 U/15 L reaction) for detection of a restriction analyses (Fig 2). The site of the polymorphisms, the size
constant 141-bp fragment indicating that digestion took place (Fig 1). of the PCR products, the restriction enzymes used, and forward (F)
Analysis of intragenic polymorphic markers in the factor Il gene. and reverse (R) primers were as follows: (1) intron D-nt T3728C, 480
Four additional diallelic polymorphisms in the factor Il gene were bp,Ndel, F5TCTGCCTGGCCTAGTGGGATGCATGG3 and REAC-
analyzed. The first was a new unpublished polymorphic marker inCCAGACCCTCAGCACAGTTACCS; (2) intron E-nt C4125G, 418
intron D characterized by direct sequencing with SequiTherm Excellbp, Mbo Il, F5'AATAAGTCCCCAGGCTCCAA3 and R3TGGTC-
DNA sequencing kit (Epicentre Technologies, Madison, WI). The ATGGGTCGCCCCACT3 (3) Exon 10-nt G8845A, 86 bpAci I,
second was a previously described polymorphism in intré& Ehe F5'ACCGCCGCCCACTGCCTCCTGTAC3and RBCGGGAGTG-
third and fourth were new unpublished polymorphisms in exon 10 andCTTGCCAATGCGCACCS3; and (4) intron M-nt G19911A, 271 bp,
intron M, respectively. They were characterized by us after notingMnl |, F5S'ATGCCTGTGAAGGTGACAGTGGG3 and R3GTAGA-
variations in the described sequence of the factor Il géfeAll 4 AGCCATATTTCCCATCCCG3. The PCR products were generated in
polymorphisms were detected by PCR amplification and allele-specifi0 pL reaction mixtures that contained 100 to 200 ng of genomic DNA,

Intron D - T3728C Intron E - C4125G
CcC TC TT cC CG GG

418

233
185

Exon 10-G8845A Intron M - G19911A
GG GA AA GG GA AA

—179

—121
—92

Fig 2. Allele-specific restric-
tion analysis of four dimorpohic
markers in the factor Il gene. The
3 possible genotypes for each
polymorphism are illustrated.
The size (in basepairs) of the
bands is depicted.

84
61
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SINGLE GENETIC ORIGIN OF PROTHROMBIN G20210A 1121

250 nmol/L of each primer, 200 mmol/L of each dNTP, 0.125 U of Taq fragments suitable for single-stranded conformation polymorphism

polymerase (Super Nova; Laboratory Products Int, Kent, UK), 1.5(SSCP) analysis. The enzymes used and sizes of the obtained fragments

mmol/L MgCl,, and IxX PCR buffer. The reactions were subjected to 30 in basepairs were: (Bsal, 206 and 515; (2Mbo 1, 395 and 326; and

cycles of 45 seconds of denaturation at 94°C, 45 seconds of annealing @8) Pvu Il, 432 and 289. SSCP was performed as desctfbadd the

65°C, and 45 seconds of extension at 72°C. The PCR products (10 pljadiolabeled PCR fragments were analyzed on MDE gels (FMC

were directly subjected for digestion Wit U of restriction enzymes  Bijoproducts) prepared according to the manufacturer’s instructions,

(New England Biolabs, Beverly, MA) according to the manufacturer’s with and without 10% glycerol.

instructions. The digested PCR products were analyzed on 4% Meta- pCR fragments of the promotor region from a 20210A homozygote

phor agarose (FMC Bioproducts, Rockland, ME) for exon 10 and intronang a 20210G normal homozygote were cloned into a TA cloning kit

M and on 3% agarose for introns D and E. (Invitrogen, San Diego, CA) by the procedure recommended by the
To analyze the linkage between intron M polymorphism at nt 19911 4 yfacturer. DNA was purified with Wizard Plus Miniprep DNA

and the prothrombotic polymorphism at nt 20210, a 345-bp PCRification kit (Promega, Madison, WI) and sequenced by the core

product containing both sites was amplified as described by Poort el cilities of the Weizmann Institute (Rehovot, Israel).

al.X This amplified segment was simultaneously digestetiimglll to

determine the G20210A transition andBgaNI (5 U/10 pL reaction) to

determine the G19911A substitution. When A was present at nt 20210, RESULTS AND DISCUSSION

the amplified product was cleaved byndlll 23 bp upstream to the’'3 . . .
end, yielding a 322-bp fragment. When A was present at nt 19911, Prevalence of factor 1l G20210A polymorphism in Jewish

EcoNlI cleaved the amplified product 19 bp downstream from itsril, thnic groups. A total of 1,670 Jeyvish subjects belonging to
yielding a 326-bp fragment. Simultaneous digestionHipdill and different ethnic groups were examined for the prevalence of Fli

EcoNl enabled detection of a 19911A-20210A haplotype that was G20210A polymorphism. As shown in Table 1 the prevalence of
represented by a 303-bp fragment (345 bp less the cleaved 23-bp arfteterozygotes for the prothrombotic factor II polymorphism
19-bp fragments) and a 19911G-20210G haplotype that was representggas 6.7% in Ashkenazi (European) Jews and 5.5% in Sephardic
by the 345-bp fragment resistant to bétdll and EcoNI (Fig 3A). Jews from North Africa. This is the highest prevalence so far
Search for new polymorphic markers in the promotor region of the observed among studied populations that may have stemmed

factor Il gene. DNA amplification of nucleotides-1074 to— 3545 of from aenetic drift due to isolation periods of extinction. and
the promotor was performed with the primers’ A6AAATGGG- 9 P ’

CCTCCCAGGAATTAAGG3 and REGTTGTGAGGACTAAAGG-  limes of extensive expansions of Ashkenazi and Sephardic
AGATTAGG3' under the same conditions for PCR as described aboveJ€Ws. In Middle Eastern Jews originating in Iraqg, Iran,. and
except for 60 seconds of extension. Three restriction enzymes werd€men, prevalences of 1% to 4% were observed, resembling the

chosen for cleavage of the amplified 721-bp segment to smalleprevalences reported in European populati@risterestingly,

A
EcoNI Hindlll Allele (bp)

19911 20210 us
1 n
G G
Fig 3. Determination of the linkage between nt

19911 and nt 20210 by simultaneous Hindlll and 19911 20210
EcoNlI digestion of a 345-bp amplified fragment span- —% L 326+19
ning both sites. (A) Schematic illustration of 4 pos- A G
sible alleles and specific fragment sizes in basepairs
after cleavage at the indicated sites (X). (B) Electro- 19911 20210
phoretic separation of the following observed geno- A —— 322+23
types: 3 normal homozygotes for 20210G (lanes 1 G A
through 3) who were GG, GA, and AA for the 19911
polymorphism, respectively; 2 homozygotes for
20210A (lanes 4 and 5) who were AA and AG for the 19911 20210 3o3+19+23

19911 polymorphism, respectively; and 2 heterozy-
gotes for G20210A who were AA (lane 6) and AG
(lane 7) for the 19911 polymorphism. The additional
band in lane 7 between the 345- and 303-bp bands
represents a heteroduplex (H.D). This was proved by
the following two mixing experiments. (1) When
345-bp PCR fragments from a homozygote for 20210G
and 19911G and a homozygote for 20210A and
19911A were mixed and digested with Hindlll and
EcoNlI, an uncut 345-bp fragment and a 303-bp frag-
ment were obtained (lane 8). (2) When DNA samples
from the same 2 individuals were mixed and then
amplified by PCR, followed by digestion and electro-

phoresis, a pattern representing heteroduplex bands 45
was obtained (lane 9) that is identical to the one ﬂi ﬁ -3& ﬂ 322 ﬁ ﬁ ﬁ 3—-

shown in lane 7. Numbers alongside the gel indicate 345 326 326 303 303 303 HD 303 HD
the size (in basepairs) of the bands. 303 303
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1122 ZIVELIN ET AL

Table 1. Prevalence of Factor Il G20210A Polymorphism in Jewish normals and 133 subjects bearing 20210A (123 heterozygotes
Ethnic Groups in Israel and 10 homozygotes) were highly significaf € .0007 or
Ethnic Subjects _Heterozygotes Allele 95% Cl of Allele less). This degree of linkage diseguilibrium strongly suggested
Group (N) N %  Frequency  Frequency that the prothrombotic polymorphism occurred only once on the
Ashkenazi 464 31 67 0033  0.023-0.047 haplotype 3728T-4125C-8845G-19911A.
North African 273 15 55 0.028 0.016-0.045 We then calculated the frequency of the founder haplotype in
Iragi 247 10 4.0 0.020 0.010-0.037 normal alleles and in alleles bearing the factor Il G20210A
Iranian 199 4 2.0 0.010 0.003-0.026 polymorphism. Because we were unable to amplify the marker
Yemenite 310 3 1.0 0.005 0.001-0.014 in intron D in DNA samples from 2 20210A homozygotes, only
Ethiopian 177 0 0 0 0.000-0.010 16 alleles of the homozygotes were analyzed. As can be seen in

Table 3, only 28% of 220 alleles derived from normals bore the

founder hapl hich in striki trast to 64% of 123
in Ethiopian Jews, who share African genes, none of 177Oun er haplotype, which was in striking contrast to 00

- . 20210A alleles derived from heterozygotes and 94% of 16
subjects examined (354 aIIe_Ies) bore th_e 20210A genotype. . alleles of homozygotesP( < .0001). Similarly, the founder
Frequency of polymorphic markers in the factor Il gene in

. o :
controls. Table 2 and Fig 2 illustrate the identification of the 3 haplotype was present in 34% of the combined 343 20210G

new polymorphic markers and of a previously published markera”eles (of normals and heterozygotes) and in 68% of the
new polymorp . . P yP , combined 139 20210A alleles (of heterozygotes and homozy-
in intron E2L All four diallelic markers are located’5to

nucleotide 20210 and cover 16 of 21 kb of the factor Il gene. All gotes). However, the linkage between the prothrombotic poly-

olymorphisms are probably silent changes, because three n]rgorphism and the other polymorphisms could not be estab-
poly P . _p Y ges, . .?lshed in 46% of the alleles in normals and in 36% of the alleles
them are located in introns D, E, and M, respectively, and one is

a change of codon 368 from CCG to CCA, both encoding for™ heterozygotes. Similar values of updeflnable alleles were
Proline. observed among 20210G alleles derived from normals and

0, I -
The frequencies of the more common alleles for the 4heterozygotes (43%) and 20210A alleles combined from hetero

0,
markers ranged from 0.55 to 0.84 among 220 alleles of 11(?@?%1?2232%?5?%1? (()?,fzd/g‘:nable alleles. we took advan-
normal controls (Table 2). This frequency distribution was : u : » W v

considered adequate for linkage analysis. Interestingly, théage of the proximity of the dimorphic marker at nt 19911 and

frequency of 0.65 and 0.35 for the two complementary alleles inthe prothrombotic polymorphism at nt 20210. A 345-bp PCR-

intron E was similar to the frequency observed in Japamesgmplified product containing both polymorphic sites and spe-
subjects?? cific restriction analysis wittHindlll and EcaNl enabled us to

Determination of a founder effect.Table 2 compares the gha';selltpekllnkagfe géﬁie tv;ozzltzelsol': all alliles eximme”d 1(2':3',9
allele frequencies for the 4 intragenic markers in 110 normal ). Full linkage o an was observed in a

homozygotes (20210G) that represent the different Jewis}peterozygotes (A20210G). Similarly, with th? expeption of one
ethnic distribution in Israel, 123 unrelated heterozygotes"’me'e that probably represents a recombination event (see
(A20210G) from different Jewish ethnic groups, and 10 unre-belo_v_v)’ ll%gilzo_ri”elesfoij:?z%lo'la‘ hOT;SZé%OtES h‘_"‘d nLA at
lated homozygotes (20210A), 6 from Israel and 4 non-JewisrPOS'rt]'on boti : | us, Oh' alleles (0 h ) deaLlng the
subjects (2 from Austria and 2 from France). In homozygotesprot rombotic polymorphism, 142>09%) shared the same

for the 20210A genotype, the frequency of one of the alleles formarker in_intron M, in contrast to its frequency of 0.45 in
each marker was 0.95 to 1.00, whereas in normal homozygote@Ormals (Table 2). .

(20210G), the frequency was only 0.45 to 0.84 (see underlined Detection of a recombination ina homozygote for 20210A.
alleles in Table 2). It was remarkable to note that in heterozy-In one 20210A homozygous Jewish proband, the genotype was

gotes bearing one 20210A allele, the frequency of the depicte§h7sz'Gd412h50'|88456'G19?&;’2’ V‘éhilcgglv‘iasb _different from
polymorphic alleles was very high (0.77 to 0.96). The differ- tfe ounder haplotype atdnts an firmed .h Irect slequefncrl]ng
ences in allele frequencies for each marker between 116" nts 4125, 19911, and 20210 confirmed the results of the

restriction analysis (data not shown). Based on the analysis of
the subject’s sister, who was a G20210A heterozygote and was
homozygous for 4125C and 19911A, we concluded that one of
the proband’s alleles bore the founder haplotype, ie, 3728T-

Table 2. Allele Frequencies of 4 Dimorphic Markers of the Factor Il
Gene in Normals and Subjects Bearing G20210A

Normals  Heteromvaotes Homomaotes Angfsis 4125C-8845G-19911A, and that the second allele was different
polymorphism  Allele* (N - 110) (N 139 (N 210y P in intron E and intron M, ie, 3728T-4125G-8845G-19911G.

Because one of the proband's alleles differed twice from the

Intron D T 0.75 0.88 1.00t .0007 . .
T3728C z 0.25 0.12 0.00 expected sequence, it seems reasonable to assume that it
Intron E c 0.65 0.87 0.95 <0001 stemmed from a recombination event. Conceivably, this recom-
C4125G G 0.35 0.13 0.05 bination event, found in only 1 of 143 alleles bearing 20210A, is
Exon 10 G 0.84 0.96 1.00 <.0001 evolutionary young and has not had a chance to disseminate
G8845A A 0.16 0.04 0.00 even in closely related Jewish populations.

Intron M A 0.45 0.77 0.95 <.0001 Search for polymorphism in the promotor region of the factor
G19911A G 0.55 0.23 0.05 Il gene. Because the mechanism by which the change in nt
*The underlined nt are those present in the founder haplotype. 20210 at the 3untranslated region of the factor Il gene is

tBased only on 8 homozygotes. associated with an elevated plasma level of factor Il is dubious,
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SINGLE GENETIC ORIGIN OF PROTHROMBIN G20210A 1123

Table 3. Frequency of the Founder Haplotype (TCGA) in Normal 20210G and Polymorphic 20210A Alleles

20210G From 20210G From 20210G 20210A From 20210*A From 20210A

Haplotype Normals Heterozygotes Combined Heterozygotes Homozygotes Combined

IntD IntE Ex 10 IntM N % N % N % N % N % N %
T C G A 61 27.7 57 46.3 118 34.4 79 64.2 15 93.8 94 67.6

T C G G 32 14.6 22 17.9 54 15.7 0 0 0 0 0 0
T G G G 9 4.1 0 0 9 2.6 0 0 1 6.2 1 0.7

C G G G 6 2.7 0 0 6 1.7 0 0 0 0 0 0

C G A G 6 2.7 0 0 6 17 0 0 0 0 0 0

C C A G 2 0.9 0 0 2 0.6 0 0 0 0 0 0

T G G A 2 0.9 0 0 2 0.6 0 0 0 0 0 0
Undefined alleles 102 46.4 44 35.8 146 42.6 44 35.8 0 0 44 31.7

Total 220 100 123 100 343 100 123 100 16 100 139 100

*In samples of 2 subjects (4 allele), we were unable to amplify the marker in intron D. However, the polymorphisms in intron E, exon 10, and
intron M were identical to those of the founder haplotype. Normals consisted of 29 subjects consecutively admitted, 32 referrals for screening of
factor Il polymorphism, and 49 army personnel. Heterozygotes consisted of 18 subjects identified during screening of consecutive admissions, 103
referrals for screening of factor Il polymorphism, and 2 army personnel.

a search for a linked sequence variation in the promotor regiothromboembolism with single point mutation at A%factor V. Lancet
seemed warranted. 343:1535,1994

Poort et a¥* found no sequence variations in approximately 5. Griffin JH, Evatt B, Wideman C, Fernandes JA: Anticoagulant
400 bp upstream of the prothrombin gene transcription site in Zg)rotein C pathway defective in majority of thrombophilic patients.
homozygous normals (20210G) and 5 heterozygotes (G20210Af3!00d 82:1989, 1993 ) ) )
We extended the search for a possible alteration in sequence BO6.‘ Svensson PJ, Dahlbgck B: Resistance to_actlvated protein C as a
nucleotides —350 to —1050 of the promotor region that asis for venous thrombosis. N Engl J Med 330:517, 1994

contains requlatory elemer@DNA samoles from 8 normal 7. Koster T, Rosendaal FR, deRonde H, Briet E, Vandenbroucke JP,
9 y P Bertina RM: Venous thrombosis due to poor anticoagulant response to

hom(.)z.ygotes for 20210G and 2 homozygotes for 2021,0A WeI ctivated protein C: Leiden thrombophilia study. Lancet 342:1503,
amplified by PCR and the 721-bp fragments were subjected tggg3

digestion by 3 restriction enzymeRgal, Mbo Il, and Pvull), 8. Rees DC, Cox M, Clegg JB: World distribution of factor V Leiden.
as described. SSCP analysis of the cleaved fragments showe@ncet 346:1133, 1995

no aberrant bands suggestive for polymorphisms (data not 9. zivelin A, Griffin JH, Xiao X, Pabinger I, Samama M, Conard J,
shown). The 721-bp fragments obtained from one homozygot@renner B, Eldor A, Seligsohn U: A single genetic origin for a common
(20210A) and one normal homozygote (20210G) were clonedCaucasian risk factor for venous thrombosis. Blood 89:397, 1997
into a TA vector and sequenced. Only one sequence variation, 10. Seligsohn U, Zivelin A: Thrombophilia as a multigenic disorder.
insertion of G at position-646, was found in both subjects. Thromb Haemost 78:297, 1997

Thus, our data and the data of Poort &t #&iled to show a 11. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM: A common
change in the-1,050-bp region of the promotor that might be genetic variation in the'3untranslated region of the prothrombin gene
linked with 20216A is associated with elevated plasma prothrombin levels and an increase in

. _— . venous thrombosis. Blood 88:3696, 1996
Similarly to factor V G1691A, our findings are consistent 12. Degen SJF, Davie EW: Nucleotide sequence of the gene for

with a common Caucasian founder for the factor Il G20210A, prothrombin. Biochemistry 26:6165, 1987
prothrombotic .polymorphism. Hoyvever, urllike factor V 13. Royle NJ, Irwin DM, Koschinsky ML, MacGillivray RTA,
G1691A, for which APC resistance is the assigned mechanismyamerton JL: Human genes encoding prothrombin and ceruloplasmin

for VTE, the mechanisms by which factor Il G20210A is map to 11p11-q12 and 3¢21-24, respectively. Somat Cell Mol Genet
associated with an elevated plasma factor Il and by which it13:285, 1987

confers an increased risk of VTE remain to be elucidated. 14. Brown K, Luddington R, Williamson D, Baker P, Baglin T: Risk
of venous thromboembolism associatedhwit G to Atransition at
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