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Abstract
Basal levels of C-reactive protein (CRP) have been associated with disease, particularly future
cardiovascular events. Twin studies estimate 50% CRP heritability, so the identification of genetic
variants influencing CRP expression is important. Existing studies in populations of European
ancestry have identified numerous cis-acting variants but leave significant ambiguity over the
identity of the key functional polymorphisms. We addressed this issue by typing a dense map of
CRP single nucleotide polymorphisms (SNPs), and quantifying serum CRP in 594 unrelated
African Americans. We used Bayesian model choice analysis to select the combination of SNPs
best explaining basal CRP and found strong support for triallelic rs3091244 alone, with the T
allele acting in an additive manner (Bayes factor >100 vs. null model), with additional support for
a model incorporating both rs3091244 and rs12728740. Admixture analysis suggested SNP
rs12728740 segregated with haplotypes predicted to be of recent European origin. Using a
cladistic approach we confirmed the importance of rs3091244(T) by demonstrating a significant
partition of haplotype effect based on the rs3091244(C/T) mutation (F=8.91, P=0.006). We argue
that weaker linkage disequilibrium across the African American CRP locus compared with
Europeans has allowed us to establish an unambiguous functional role for rs3091244(T), while
also recognising the potential for additional functional mutations present in the European genome.
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Introduction
C-reactive protein (CRP) is a key component of the human acute-phase response. It is also
expressed at low levels in apparently healthy individuals, although the factors regulating
basal expression are unknown. CRP binds a range of exogenous and endogenous ligands and
interacts with other components of the immune system, particularly C1q, resulting in
activation of the classical complement cascade (Pepys et al. 2003). CRP probably evolved as
a defence against bacterial infection, although its ability to bind apoptotic cells and nuclear
components suggests an additional role in protecting against anti-nuclear autoimmunity
(Chang et al. 2002; Mold et al. 1999; Volanakis 1982). Efforts to understand CRP regulation
have been stimulated by the observation that basal CRP levels are associated with disease.
Most widely studied is the link between CRP and atherosclerosis. Basal CRP is a modest
independent predictor of future cardiovascular morbidity and mortality and is also elevated
in the presence of a number of cardiovascular risk factors including obesity, diabetes
mellitus and cigarette smoking (Danesh et al. 2004; Pepys et al. 2003). The current literature
on the functional role of CRP in atherosclerosis is complex; authors variously propose that
CRP is directly atherogenic, that it is simply a marker of other proatherogenic processes, or
even that it has an atheroprotective role (Singh et al. 2008). CRP is also a candidate gene for
systemic lupus erythematosus (SLE), both through its functional properties and through its
location in an SLE susceptibility locus defined by linkage analysis (chromosome 1q22-24)
(Moser et al. 1998). Three studies have shown an association between CRP polymorphism
and SLE itself (Edberg et al. 2008; Jonsen et al. 2007; Russell et al. 2004).

Twin studies suggest basal serum CRP is approximately 50% heritable (MacGregor et al.
2004; Wessel et al. 2007). Levels are also longitudinally stable in any individual, at least
over a period of several years, making it particularly amenable to genetic analysis (Kivimaki
et al. 2007; Pepys et al. 2003). Existing studies in cohorts of European ancestry have
identified cis-acting single nucleotide polymorphisms (SNPs) associated with basal CRP,
but the identification of true functional candidates remains problematic due to strong linkage
disequilibrium (LD) across CRP and the probability that at least three SNPs are functional
(Carlson et al. 2005; Crawford et al. 2006; Hage et al. 2007; Kathiresan et al. 2006; Lange et
al. 2006; Miller et al. 2005; Rhodes et al. 2008a; Verzilli et al. 2008). In this study we aimed
to identify key functional SNPs within the CRP locus in African Americans: our rationale
for doing this is outlined below.

The study of non-European populations may provide a solution to the problem of strong LD
across CRP. Since the divergence of ethnic groups from a common ancestral population, the
independent evolution of genetic loci may result in different SNPs, altered haplotype
structure or novel genetic recombination events, each of which may be informative in terms
of identifying functional SNPs. Theoretically the more ancient African genome (and the
related African-American genome) should offer the most genetic diversity, and this is
illustrated by the LD architecture of Yoruba subjects from Nigeria, which is more diverse
and shows more evidence of recombination than reference populations of European and East
Asian ancestry (Gabriel et al. 2002). Existing studies looking at the CRP locus in African
American cohorts have not yet provided a comprehensive analysis (Carlson et al. 2005;
Crawford et al. 2006; Lange et al. 2006; Szalai et al. 2005).
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Variation within trans-acting loci, particularly genes associated with acute-phase signalling
(interleukin-1B (IL1B), interleukin-6 (IL6) and interleukin-1 receptor antagonist (IL1RN))
have also been associated with basal CRP levels.(Berger et al. 2002; Eklund et al. 2005;
Latkovskis et al. 2004; Paik et al. 2007; Reiner et al. 2008; Shin et al. 2007; Vickers et al.
2002). Existing CRP analyses have adjusted for clinical and environmental phenotype data
but have generally not considered effects from these trans-acting loci: we attempt to address
this.

Finally, we adopted a Bayesian strategy for our analysis. Classically, model choice in an
analysis is achieved through a stepwise regression procedure, but the final model is often
highly dependant on the starting model and the score parameters used to include or reject
variables. In a Bayesian approach each model is evaluated by its posterior probability. We
are able to incorporate prior information on the basis of existing results, and our final choice
of model does not depend on arbitrary scoring parameters.

Methods
Study Cohort

594 individuals of African American origin were sourced from two cohorts. Cohort 1
consisted of 294 subjects from the Chicago Health and Aging Project (CHAP), which is a
population based study of community-dwelling adults aged 65 years old and over. Details
are given elsewhere (Bienias et al. 2003). The mean age was 78.3 years (standard deviation
(s.d.) 7.3), 37.4% were male. Phenotypic data were available for Body Mass Index (BMI)
(mean 28.24kg/m2, SD 6.3), smoking status (10.5%) and history of stroke (11.6%), cancer
(23.8%), hypertension (81.0%) ischaemic heart disease (12.6%) and diabetes mellitus
(30.3%). Cohort 2 consisted of 150 multiple sclerosis (MS) cases and 150 controls from the
UCSF Multiple Sclerosis Genetics Group. Ascertainment protocols, clinical and
demographic characteristics have been summarised elsewhere (Cree et al. 2004; Oksenberg
et al. 2004). The mean age was 43.5 years (s.d. 11.3), 39.5% were male; no other phenotypic
data were available. Recruitment to both cohorts received institutional review board
approval and written informed consent was obtained.

SNP selection and genotyping
Three approaches were used to select SNPs. Firstly the HapMap Yoruba trio families were
used to identify SNPs predicted to tag African CRP haplotypes (using Haploview tagger
with an r2=0.8 threshold) (Barrett et al. 2005). Secondly we aimed to type all CRP SNPs on
which there is published data, whether or not this provided redundant genetic information.
Finally, to address the question of CRP admixture, rs1255606, rs11585798 and rs17459580
were selected from the HapMap datasets as being monomorphic in African populations but
polymorphic in Caucasians. For both IL1B and IL6 the HapMap data suggest LD between
SNPs is relatively weak. Variation at these genes was not the main focus of this paper so,
rather than aiming to capture all possible variants, we genotyped a selection of previously
reported SNPs. Genotyping was by Matrix-Assisted Laser Desorption and Ionization-Time
Of Flight (MALDI-TOF) mass spectrometry (Sequenom, Hamburg, Germany) using the
iPLEX Gold assay (Ross et al. 1998). Genotyping on cohort 1 participants was performed at
the Broad Institute Center for Genotyping and Analysis (Cambridge, MA, USA).
Genotyping on cohort 2 was performed at the Genome Centre, Imperial College London
(London, UK). Using predefined quality control exclusions we excluded any individual
genotyped at <90% of markers, any marker genotyping in <90% individuals, any marker
with a minor allele frequency <5% and any marker out of Hardy-Weinberg equilibrium
(P<0.05 calculated by χ2).
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Serum CRP quantification
CRP quantification on cohort 1 was performed at the University of Vermont Laboratory for
Clinical Biochemistry Research using a particle enhanced immunonephelometric assay
(BNII nephelometer, Dade Behring, Deerfield, IL, USA). CRP quantification on cohort 2
was performed at the Department of Clinical Chemistry, Hammersmith Hospital using a
latex-enhanced immunoturbidimetric assay (Olympus AU2700 analyser, Olympus
Diagnostics, Southall, UK).

Bayesian Model Selection
CRP levels were transformed to the natural log scale and phenotype/genotype effects were
fitted using a Bayesian linear model. Bayesian model selection was performed using the
association studies toolkit for WinBUGS, employing a reverse jump algorithm on the model
space, in the Markov Chain Monte Carlo (MCMC) framework (Lunn et al. 2000; Lunn et al.
2006). We made simple prior assumptions based on existing literature; firstly that the
magnitude of genetic effect would be relatively small, and secondly that the genetic model
would be most likely to have one or two genetic effects but much less likely to have more
than three effects (regression parameters β and γ, normal distribution, mean=0,
variance=0.25; number of genetic effects specified by a Poisson (2) distribution). A
duplicate analysis using uniform prior assumptions (no prior belief in the number of genetic
effects or their magnitude) is presented in the supplementary material. The presence of
highly correlated variables can cause problems fitting and interpreting linear models, and
may even give the impression no variable is associated with the outcome, even if a strong
association is seen for each variable individually. At the outset it was therefore decided not
to simultaneously enter SNPs into our genetic models that were correlated with r2>0.8. For
pairs, or clusters of SNPs with a higher degree of correlation a single tagSNP was therefore
selected for analysis.

In the primary analysis SNPs were evaluated assuming an additive allele effect. Trialleleic
rs3091244 was encoded twice, assuming increasing copies of either T or A relative to the
commonest C allele. Simultaneously entering both allowed the identification of the allele
best explaining the data, with the C allele as baseline. In secondary analyses, to assess
whether additive, dominant or recessive effects best explained the CRP associations, SNPs
coded accordingly were entered simultaneously into the analysis with an informative prior
belief for the regression parameter but with equal prior probabilities given to all potential
models.

Haplotype analysis
Each individual was assigned a phased haplotype using PHASE v2.1 (Stephens et al. 2001;
Stephens et al. 2003). Population haplotype structure was inferred using Haploview and the
Gabriel algorithm (default settings), having excluded individuals predicted to carry
haplotypes of European origin (see below) (Barrett et al. 2005; Gabriel et al. 2002). Clade
analysis was by TCS: Phylogenetic network association using statistical parsimony v1.21
(Clement et al. 2000). Haplotype association was modelled by ANOVA using Treescan
v1.0: a bioinformatic application to search for genotype/phenotype associations using
haplotype trees (available at http://Darwin.uvigo.es) (Templeton et al. 2005). Classical P-
values were corrected for multiple hypothesis testing by step-down permutation testing,
using 10,000 permutations of the dataset (Westfall et al. 1993). Permuted P-values are
presented.
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Missing Data
Where phenotypic data were available in both cohorts only a small amount of data were
missing: 0.18% for age and none for sex or multiple sclerosis affection. Data on BMI and
other disease states were not collected for cohort 2 and hence were missing for 49.2% of the
combined data set. In order to maximise use of this available information without a dramatic
reduction in the total size of the dataset we used a Bayesian approach to inferring missing
data by inputting a prior distribution for missing variables, with information from existing
data updating these priors. For example, existing lnBMI data has mean 3.32 kg/m2, s.d. 0.22,
so a normal prior distribution with these parameters was used for missing values. A
Bernoulli prior distribution was used for binary phenotype data. To ensure the use of these
data did not dramatically alter our findings all significant models were also re-evaluated
without the use of inferred values. Missing SNP data was estimated using FastPhase (Scheet
et al. 2006).

Admixture analysis
Admixture analysis suggests that a significant proportion of the African American genome
(perhaps 10-30%) may arise from recent admixture with European populations (Wassel Fyr
et al. 2007). At the level of a single locus this may complicate analyses by distorting the
inferred haplotype structure if the pattern of LD differs between the background and the
admixed genetic elements. It may also affect our ability to detect an indirect genetic
association. We therefore identified three SNPs predicted to be polymorphic in European
populations but monomorphic in populations of an African origin. We used PHASE v.2.1 to
explicitly infer a haplotype pair for each individual and we hypothesised that haplotypes
containing these SNPs would have a European origin.

Results
The 44 SNPs genotyped in both cohorts are listed in table 1. Eight of these SNPs failed
genotyping according to predetermined criteria. We also had available typing on an
additional five SNPs from one cohort only (supplementary table 1), which were used in the
inference of population haplotypes, but were not included for any association analyses.
Figure 1 demonstrates the position of SNPs alongside the inferred haplotype structure.

Median (95th percentile) CRP was 3.38 mg/L (0.18, 27.50) in cohort 1, 1.79 mg/L (0.13,
16.81) in cohort 2, and 2.52 mg/L (0.24, 22.75) in the combined dataset. Bayesian model
choice analysis was used to evaluate the combination of phenotypic covariates that
explained the CRP data. The highest posterior probability (P(M/D)) was observed for a model
incorporating age and BMI only (P(M/D)=0.98, representing overwhelming support). There
was little support for models including sex or a diagnosis of multiple sclerosis (MS) and the
marginal probabilities (Pmarg) for these covariates were small (Pmarg=0.002 and
Pmarg=0.0003 respectively). There was even less support for other diseases including
ischaemic heart disease and diabetes mellitus, although given the small numbers of affected
individuals and the absence of data from cohort 2, this was not surprising. We looked for
additional cohort specific effects and found strong evidence for no effect (age, BMI, sex and
MS adjusted: P(M/D)=0.008 for model with cohort effect, P(M/D)=0.992 for model with no
cohort effect, Bayes factor >100)

Genetic models
Of the 29 CRP SNPs passing quality control, some formed highly correlated clusters. As
outlined in the methods section rs2808628 was selected to tag rs2794520, rs2027471,
rs1341665, rs7553007 and rs1205 (mean pairwise r2=0.89); rs3093066 to tag rs3093069,
rs12079772 and rs16842493 (mean pairwise r2=0.90); and rs3093062 to tag rs3093058

Rhodes et al. Page 5

Hum Genet. Author manuscript; available in PMC 2009 July 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



(r2=1.00). A full comparison of markers (with chromosomes of predicted European origin
excluded) is presented in supplementary table 2. Age, BMI, sex and MS affection were
specified as covariates (sex and MS affection were thought important to include despite the
lack of evidence for an effect). Models were also run with the addition of “cohort” as a fixed
phenotype effect, but this made negligible difference to the overall results (data not shown).

Table 2 shows the results of Bayesian model choice analysis incorporating all genetic
markers. Highest posterior probability was attached to a model incorporating rs3091244(T)
alone, representing overwhelming evidence for a genetic effect (Bayes factor >100 vs. null
model (no SNPs)). A secondary model incorporating both rs3091244(T) + rs12728740 had a
smaller posterior probability. Evidence was weak for models using the alternative codings
for rs3091244 [rs3091244(A) P(M/D)<1×10−4; rs3091244(A) + rs3091244(T) P(M/D)=0.003].

Secondary models
Additional analyses were performed to substantiate our findings. Firstly, having identified
rs3091244 as the key SNP we investigated whether additive, dominant or recessive effects
best explained this CRP association. We observed substantial evidence in favour of an
additive model (Bayes factor 5.7 compared with dominant model). A boxplot demonstrating
the relationship between CRP (adjusted for age, sex, BMI and MS affection) and rs3091244
genotype is shown as supplementary figure 1, and confirms graphically that an additive
genotype affect is most likely. Secondly, we performed an analysis using uniform prior
assumptions. This did not differ in its conclusion that rs3091244(T) was the key genetic
effect (supplementary table 3). Thirdly, to re-examine the possibility of cohort effects we re-
ran our analysis with the inclusion of cohort*genotype interactive terms. All the top models
selected across these terms included genotype at rs3091244(T) +/− rs12728740, but there
was evidence to support a cohort*genotype interaction with genotype exerting a smaller
effect in cohort 1 (supplementary table 4). Consistent with this was an analysis of each
cohort separately, with rs3091244 being the most significant SNP marginally in both
cohorts, but with lower significance in cohort 1 (Pmarg = 0.58 in cohort 2 and Pmarg = 0.10 in
cohort 1). Finally, to ensure that our use of inferred phenotype data was not distorting the
results we re-ran our analysis excluding BMI as a covariate (BMI being the only important
phenotypic effect with substantial missing data). In these models the significance attached to
both the key SNPs actually increased [for rs3091244(T) Pmarg = 0.90 and for rs12728740
Pmarg = 0.26]. The posterior probability of the two top models also increased [rs3091244(T)
alone P(M/D)=0.19 and for rs3091244(T) + rs12728740 P(M/D)=0.11].

Haplotype association
Admixture analysis predicted 10.8% of the observed haplotypes were of recent European
origin. 20.2% of the cohort carried one European haplotype and 0.73% carried two. Figure 2
presents a phylogenetic relationship between haplotypes, having excluded these individuals.
As explained in the figure caption there are four possible resolutions of the tree, labelled *a,
*b, *c or *d. Significant partitions were only observed for trees *a and *c (those where the
rs3091244 C/T mutation occurs only once). The most significant partition was defined by
the rs3091244 C/T mutation, segregating haplotypes A1, A2, A6, A7 and A8 as clade one
and haplotypes A3, A4, A5 and A9 as clade two (For tree *a, F=8.91, P=0.006). Clade one
was associated with higher CRP (β=0.312 95%CI 0.146, 0.491), although the overall
proportion of CRP variance explained by this partition was quite small (5.20%). A weakly
significant effect was also observed for a partition defined by rs3093062/rs3093058,
separating haplotype A1 from all the others (for tree *a F=6.385, P=0.038), although this
weakly significant effect may be largely due to correlation with the rs3091244 C/T partition.
The A1 haplotype was associated with higher CRP level than all the rest (β=0.448 95%CI
0.241, 0.655). No significant secondary partition was detected, although it should be noted
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the power to detect such an effect is dramatically reduced because of the smaller sample size
consequent on the primary partition.

Discussion
Our data suggest a single key variant, rs3091244 (or a variant in strong LD with rs3091244),
regulates CRP expression in African Americans. In particular the T allele acting in an
additive manner explained most of the genetic component of variation in serum CRP levels.
Consistent with previous reports this effect was modest, explaining only 5.20% of CRP
variance. The C allele of rs3091244 is commonest in all studied human populations, is found
on the Chimpanzee and Macaque genome reference sequences, and has not been identified
as polymorphic in these species (Rhesus Macaque Genome Sequencing and Analysis
Consortium 2007; The Chimpanzee Sequencing and Analysis Consortium 2005). It is
therefore likely the C allele is ancestral, and a key functional moment in the evolution of the
human CRP locus was the mutation of rs3091244 C to T, thus increasing basal serum CRP
expression. We can only hypothesise how this enhanced expression may have conferred an
advantage to early humans. Perhaps basal CRP has a surveillance role in protecting against
the early stages of bacterial infection; alternatively higher basal CRP may enhance clearance
of apoptotic debris and thus protect against developing autoimmunity. Another explanation,
although untested, is that rs3091244 also alters the magnitude or time-course of the acute-
phase CRP response, and this may have additional functional consequences.

A model incorporating both rs3091244 and rs12728740 should also be kept in consideration.
The posterior probability of this two-SNP model was smaller than the model with rs3091244
alone but, because there are more possible two-SNP combinations, the Bayes factor gave it
slightly more weight (Bayes factor = 6 in favour of two-SNP model). The incorporation of
rs12728740 into a model is interesting. Although not originally selected to tag the admixed
European genome it became apparent that 96% of the minor alleles of rs12728740 were
segregating with haplotypes of inferred European origin. In addition it was predicted to lie
outside the main CRP haplotype block in our population. By reference to the HapMap
CEPH panel it is clear that in Europeans rs1272870 is in much stronger LD with the main
CRP SNPs, in particular with rs1417938 (r2=0.857), which tags the commonest European
haplotype, and has been associated with higher CRP production in existing European studies
(Kathiresan et al. 2006; Lange et al. 2006; Miller et al. 2005). This does not downplay the
importance of rs3091244 as the key regulator of CRP, but it does provide some evidence for
a separate functional effect of recent European origin. On the other hand, we failed to
demonstrate any role for SNPs at the IL6 and IL1B loci. Some of these have been associated
with serum CRP levels in other populations, but these associations are modest (Berger et al.
2002; Eklund et al. 2005; Latkovskis et al. 2004; Paik et al. 2007; Rhodes et al. 2008b; Shin
et al. 2007; Vickers et al. 2002). Given our sample size, we are not able to definitively rule
out a role for these other loci in CRP expression.

Of the existing studies of the CRP locus in African Americans, the first concentrated on
CRP levels associated with rs3091244 and rs3093062 only (Szalai et al. 2005). The authors'
key argument hinged on an interaction between rs3091244(T) and rs3093062 such that
haplotype rs3091244(T)/rs3093062(G) was associated with high CRP, while haplotype
rs3091244(T)/rs3093062(A), the equivalent to our haplotype A1, was associated with lowest
CRP. There are therefore differences between this paper and our data; we found little
evidence for a role for both rs3091244 and rs3093062. Furthermore we found the
rs3093062(A) haplotype to be associated with high rather than low CRP.

Shortly after this initial report, data from the biracial CARDIA cohort was published
(Carlson et al. 2005). Tag SNPs were selected on the basis of sequencing a small number of
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individuals and hence failed to capture all the variation we detected. The authors also
analysed both European and African ethnicities together (albeit with a “race” term in their
regression models), which may be a suboptimal approach given the different SNP and
haplotype frequencies between groups. Two subsequent studies in different cohorts used the
same combination of SNPs, but with a separate analysis of African American participants
(Crawford et al. 2006; Lange et al. 2006). All these studies generated results broadly similar
to ours, with haplotypes tagged by the C and T alleles of rs3091244 being associated with
low and high levels of CRP respectively. Notably haplotype rs3091244(T)/rs3093058(T)
(equivalent to our haplotype A1) was associated with highest overall CRP expression, as we
found.

Both the initial papers produced in vitro functional evidence to support their hypotheses, but
again with differences in their key findings (Carlson et al. 2005; Szalai et al. 2005). It has
been noted that there are frequently discrepancies between genetic associations and in vitro
functional data so this is a field that requires further study (Ioannidis et al. 2006).

Our data suggest a simple model of genetic effect at CRP based on rs3091244 alone (or a
variant in strong LD with rs3091244). This contrasts with existing data from Europeans,
which identifies multiple associations, and a meta-analysis, using similar methodology to us,
which finds greatest evidence for models containing at least three different SNPs (Verzilli et
al. 2008). There are a number of explanations for this difference. Firstly, and this was the
initial rational behind our study, there is a difference in allele frequency and patterns of LD
between SNPs in the two ethnic groups. Studies in Europeans, in addition to rs3091244,
commonly report associations with rs1205, rs1417938 and rs1800947. The LD between
these SNPs and rs3091244(T) is considerably weaker in our African American cohort than
in European groups, as shown by a comparison with another cohort of 799 unrelated
individuals of European Ancestry (Rhodes et al. 2008a). It should be noted that rs1800947
was rare in African Americans, so was not included in the main analysis. The degree of LD
with rs3091244(T) in African Americans as measured by r2 was 0.138 for rs1205, 0.225 for
rs1417938, 0.007 for rs1800947, and the equivalent in Europeans was 0.256 for rs1205,
0.990 for rs1417938, and 0.035 for rs1800947. The association with these additional SNPs
in Europeans may therefore be influenced by both their higher frequency and their stronger
LD with rs3091244(T), with the true effect only becoming apparent in this African
American cohort. A second possibility is that there genuinely is an additional functional site
that has arisen recently in European populations. Our demonstration of a possible effect
from rs12728740 provides some evidence for this argument.

We appreciate there are limitations to our study. Firstly we used two cohorts whose
participants had rather different phenotypic characteristics. We explored this problem using
a “cohort” term as a fixed phenotype effect, using genotype*cohort interaction terms and, in
addition, we examined each cohort separately. These secondary analyses suggest that there
were some quantitative differences between cohorts in terms of the magnitude of SNP
effect, but there were no qualitative differences in terms of which were the key SNPs or SNP
combinations associated with CRP levels. The likely explanation for the less extreme SNP
effects in cohort 1 (older individuals) is that with higher disease burden (both documented
and occult) a greater proportion of the observed CRP level is due to stimulated acute-phase
expression rather than truly basal CRP. This increase in “background noise” may decrease
our power to detect CRP associations. A second potential problem was our use of inferred
phenotype data. In practice the only key variable for which levels of missing data were great
enough for this to be an issue was BMI. A secondary analysis, with the complete omission
of BMI, still attached greatest significance to the same key SNPs. While recognising the
limitations of having incomplete BMI data, we have no evidence to suggest that if these
additional data were available our genetic conclusions would change.
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Our conclusion, therefore, is that the most important SNP regulating CRP expression is
rs3091244, and we discuss how our study helps unravel the complex genetic association
seen in European populations. Identifying the genetic determinants of CRP expression
remains an important question because of the link between basal CRP and disease. The use
of larger cohorts in different ethnic populations may make this possible.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
African American CRP haplotypes. The position of typed SNPs relative to CRP is
demonstrated in the top part of the diagram. Individuals predicted to carry haplotypes of a
recent European origin have been excluded from this analysis (see methods), although the
commonest of these haplotypes is shown at the bottom of the diagram for reference. SNP
rs12728740 is located upstream of this main block while rs12744344 and rs12093699 are
located downstream.
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Figure 2.
Cladogram demonstrating a phylogenetic relationship between African American
haplotypes. Each haplotype is represented by a circle whose size is roughly proportional to
the population frequency. Connecting lines are annotated by the SNPs which distinguish one
haplotype from another. Small dots along these lines represent haplotypes which are no
longer observed but can be inferred to have existed in the population history. The loop at the
centre of the tree represents uncertainty over the clade structure. Either rs3091244 (C/T) or
rs1935193 may be the first mutational event, and consequently either rs3091244 (C/T) or
rs1935193 must have mutated twice, from the wild type to the new allele, and then back to
the wild type. These four explanations may be envisaged by removing either of the four
branches labelled *a, *b, *c or *d.
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Table 2

Bayesian choice models with more than 5% posterior probability.

Model P(M/D) Pmarg Effect estimate (95% CI)

rs3091244(T) 0.14 0.65 0.37 (0.21, 0.53)

rs3091244 (T)+
0.07

0.65 0.45 (0.29,0.63)

rs12728740 0.20 −0.32(−0.59,−0.05)

null <0.01

P(M/D) - Posterior probability of the model given the data, Pmarg – Marginal probability associated with each SNP in the model, Effect estimate

(95% CI) – Effect estimate with 95% credible intervals.
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