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C-reactive protein (CRP) is an acute phase reactant protein produced primarily by the liver. Circulating CRP
levels are influenced by genetic and non-genetic factors, including infection and obesity. Genome-wide as-
sociation studies (GWAS) provide an unbiased approach towards identifying loci influencing CRP levels.
None of the six GWAS for CRP levels has been conducted in an African ancestry population. The present
study aims to: (i) identify genetic variants that influence serum CRP in African Americans (AA) using a
genome-wide association approach and replicate these findings in West Africans (WA), (ii) assess transfer-
ability of major signals for CRP reported in European ancestry populations (EA) to AA and (iii) use the weak
linkage disequilibrium (LD) structure characteristic of African ancestry populations to fine-map the previous-
ly reported CRP locus. The discovery cohort comprised 837 unrelated AA, with the replication of significant
single-nucleotide polymorphisms (SNPs) assessed in 486 WA. The association analysis was conducted with
2 366 856 genotyped and imputed SNPs under an additive genetic model with adjustment for appropriate cov-
ariates. Genome-wide and replication significances were set at P<5 x 1078 and P < 0.05, respectively. Ten
SNPs in (CRP pseudogene-1) CRPP1 and CRP genes were associated with serum CRP (P =2.4 x 107 % to
4.3 x 10~'1). All but one of the top-scoring SNPs associated with CRP in AA were successfully replicated
in WA. CRP signals previously identified in EA samples were transferable to AAs, and we were able to
fine-map this signal, reducing the region of interest from the 25 kb of LD around the locus in the HapMap
CEU sample to only 8 kb in our AA sample.

INTRODUCTION defense mechanisms. Its levels are raised in the acute phase re-

sponse to tissue injury, infection and other inflammatory
C-reactive protein (CRP), a protein of the pentaxin family, is  stimuli (1). In cell culture, its induction is mainly under the
produced mainly by the liver and is involved in several host control of interleukin-6 (IL-6) (2—4). However, in vivo
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studies have shown that its induction is controlled by a
complex network of cytokines, some of which are IL-6 inde-
pendent (4,5). The role of CRP in chronic complex disease
is gaining increasing recognition. For example, CRP has
been shown to be elevated in obese, hypertensive and diabetic
subjects (6,7). Furthermore, high basal levels of serum CRP
predict future cardiovascular disease (CVD) and metabolic ab-
normalities (4,8,9). Consequently, it is used in clinical settings
along with the lipids profile to evaluate the risk of developing
CVD (4,10).

The gene encoding CRP is located on chromosome 1
(1g21-9g23) and a number of studies have shown associations
between polymorphisms at CRP locus and serum CRP levels
(8,11-13). However, only a small fraction of the reported her-
itability, estimated at 30—50% (14), is explained by these
associations. To date, six genome-wide association studies
(GWAS) of CRP have been published and they are all in
populations of European ancestry (EA) or Asian ancestry
(8,14—18). All six studies confirmed previously reported

Table 1. Anthropometric and clinical characteristics of study subjects

Parameters Male Female P-value
n 340 497
Age (years) 477 4+ 13 48.6 + 14.6 0.37
BMI (kg/m?) 292+ 7.7 31.5+9.1 <0.0001
Type 2 diabetic (%) 12.9 17.1 0.1
Smoking (%) 58.7 41.7 <0.0001
Hypertensive (%) 49.7 47.5 0.56
SBP (mmHg) 131 +21.7 128.5 + 224 0.12
DBP (mmHg) 82.8 + 14.1 79+ 12.1  <0.0001
Cholesterol (mg/dl) 191.2 + 42 199 +42.8 0.012
HDL cholesterol (mg/dl) 50.1 £ 16.1 53.8+16.8 0.0014
LDL cholesterol (mg/dl) 115.7 + 38.3 120.6 + 39 0.073
Triglycerides (mg/dl) 107.4 + 59.6 105.7 £ 85.2 0.74
HsCRP

Mean (mg/dl) 0.50 + 1.47 0.63 + 1.0 0.15

Geometric mean (mg/dl) 0.19 0.29

Values are mean + SD except for hypertension, type 2 diabetes and smoking
which are frequencies. Mean values were compared by Student’s #-test and the
frequencies by the x° test.

associations between CRP polymorphisms and serum CRP
levels while reporting the new loci: APOE, HNF1A (hepato-
cyte nuclear factor 1 homeobox A), IL6R (interleukin-6 recep-
tor), LEPR (leptin receptor) and IL6. Recently, Dehghan ef al.
(16) reported additional loci [such as NLRP3 (NLR family,
pyrin domain containing 3) and IL1F10] that may be involved
in chronic inflammation. Thus far, there is no GWAS of CRP
in a population of African ancestry. Notably, a number of
studies have reported that CRP levels vary with ethnicity.
African Americans (AA) have been shown to have the
highest baseline CRP level when compared with other ethnic
groups in the USA (6,19). In view of the well-known differ-
ences between ancestral populations with respect to haplotype
blocks, linkage disequilibrium (LD) patterns and allele fre-
quencies (11), conducting GWAS in multiple populations
has been strongly advocated (20). In the present study, we
report the first GWAS for CRP in AA enrolled from the Wash-
ington DC metropolitan area and replicated the top-scoring
single-nucleotide polymorphisms (SNPs) in an independent
sample of 486 West Africans (WA). Second, we attempted
to replicate previously reported significant GWAS findings.
Finally, we use the weak LD structures characteristic of
African ancestry populations to fine-map the reported CRP
loci in EA.

RESULTS

The sample included 837 unrelated AA subjects (340 men and
497 women); 15.4% of the subjects had type 2 diabetes (T2D).
The anthropometric and clinical characteristics of the study
subjects are given in Table 1. Men and women were similar
in age with a mean age of 47 years. Women were heavier
(31.5 versus 29.2 kg/m~, P < 0.0001) and had higher circulat-
ing high-sensitivity C-reactive protein (hsCRP) levels (0.63
versus 0.50 mg/dl, P = 0.15), but this was not statistically sig-
nificant.

P-values for the associations of each SNP with serum
hsCRP levels according to chromosome number and position
are shown on the Manhattan plot (Supplementary Material,
Fig. S1). The top 50 SNPs associated with serum hsCRP
adjusting for age, sex, body mass index (BMI), T2D and the

Table 2. SNPs associated with In(hsCRP) at a genome-wide significance level in African Americans

SNP Chromosome Position® Type CA® (CAF)® Closest gene Distance to gene (bp) Beta (SE) P-value

116827466 1 159649700  INTERGENIC T (0.19) CRPP1 25073 0.47 (0.07) 43 x 10~
15726640 1 159655518  INTERGENIC A (0.17) CRPP1 19255 0.50 (0.08) 5.0 x 10~ "
rs7531832 1 159654216  INTERGENIC G (0.17) CRPP1 20557 0.50 (0.08) 59 x 10"
1516842525 1 159664624  INTERGENIC C (0.19) CRPP1 10 149 0.45(0.07) 68 x 107"
151341666 1 159667059  INTERGENIC G (0.19) CRPP1 7714 0.44 (0.07) 68 x 107"
rs3093058 1 159685315  UPSTREAM A (0.21) CRP —936 0.43 (0.07) 7.6 x 107"
rs6667499 1 159677654  UPSTREAM A (0.21) CRPP1 —2257 0.42(0.07) 9.4 x107'
189628671 1 159687972  UPSTREAM T (0.21) CRP —3593 0.42 (0.07) 13x107%
rs16842520 1 159657850  INTERGENIC G (0.18) CRPP1 16923 0.45 (0.07) 1.8 x107%
1s12239267 1 159670928  DOWNSTREAM T (0.18) CRPP1 3845 0.44 (0.07) 24 x107%

CRPP1, CRP pseudogenel.

“Position of the SNPs was derived from dbSNP genome build 37.

YCA, coded allele.
°CAF, coded allele frequency.
9rs16827466 has been merged into rs10494326.

2102 ‘/ Re|N uo Arliqi yieaH Jo seinnisu| feuoieN e /610'sfeusno [pioxoBuy//:dny wouy papeojumoq


http://hmg.oxfordjournals.org/lookup/suppl/doi:10.1093/hmg/dds133/-/DC1
http://hmg.oxfordjournals.org/lookup/suppl/doi:10.1093/hmg/dds133/-/DC1
http://hmg.oxfordjournals.org/

Human Molecular Genetics, 2012 3

A
Plotted SNPs [IIININN 00 (ORI 0 Om0OED 0 COm e 0 DO LI L AR AR OO e
F rs726640 - 100
w0 -{| | °° ‘o
0.6
04 ° .. ° 9 - 80
8 0.2 g
g . o0 &
’ ]
% 8 - &
=
g 8
' 2
2
8

Physical Distance: 119.3 kb
LD Map Type: r*

0 02040608 1

Figure 1. Regional plots of top-scoring SNPs identified in the GWAS and linkage disequilibrium (LD) plot in African Americans. (A) SNPs are plotted by
chromosomal position (in megabases, according to NCBI build 36, dbSNP build 126) on the x-axis against association (— 10log;q P-value) with hsCRP on
the y-axis. Light blue lines show recombination rates taken from HapMap Phase II data to reflect local LD structure around the associated SNP. The lower
panel shows gene annotations taken from the UCSC genome browser. The purple diamond represents one of the SNP that shows the strongest association
in the plotted region. The LD of other SNPs and the best ranking SNP in the plotted region is shown in a scale from minimum (blue) to maximum (red).

(B) The LD plot at the CRP/CRPP1 loci in African Americans.

first two principal components (PCs) of genotypes are presented
in Supplementary Material, Table S1. Additional adjustment for
hypertension and smoking status (Supplementary Material,
Table S2) did not change the association results.

In this sample of AA, 10 SNPs were associated with hsCRP
at a genome-wide level of significance (P <5 x 10°%)
(Table 2, Fig. 1). All 10 SNPs were clustered in and near
the CRP locus. Two of these SNPs (rs3093058, P= 7.6 x

107" and 159628671, P = 1.3 x 10~ ') are upstream of the
CRP locus in the promoter region; the other eight SNPs, in-
cluding the strongest association signal in this study, were
located downstream from the CRP locus in the CRP
pseudogene-1 (CRPPI) (Fig. 1). Three other SNPs
(rs2027471, rs1341665, rs7553007) at the CRP locus resulted
in P-values <10~* (Supplementary Material, Table S3). To
investigate whether the association signals can be solely
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Table 4. Direct replication of SNPs previously reported to be associated with CRP in African Americans

Reference Populations SNPs CA Locus Gene

Reported
name P-value

Observed  CA
(CAF) in
HUFS

Observed Reported
P-value beta beta

CA (CAF)
in CEU
HapMap

(8) Europeans and rs7553007 A
Indian Asians

(14) Self-reported
European
ancestry

(15) Women of
European
ancestry

?) Europeans and
Indian Asians

(15) Women of
European
ancestry

®) Europeans and
Indian Asians

(15) Women of
European
ancestry

(15) Women of
European
ancestry

(14) Self-reported
European
ancestry

(15) Women of
European
ancestry

®) Europeans and
Indian Asians

(15) Women of
European
ancestry

(14) Self-reported
European
ancestry

(15) Women of
European
ancestry

?) Europeans and
Indian Asians

19232 CRP

rs11265260 ?

rs3091244°  ?

rs6700896 T 1p31.3

rs1892534 A 1p31.3

rs4537545 T 1921.3

s8192284° 2 1923.3

rs780094 A 2p233

rs1169310 A 12q24.31

1s7310409 A 12q24.31

rs1183910 T 12q24.31 HNFIA4

rs10778213 G 12923.2  Unknown

1s2075650  ? 19q13.32  APOE

15769449 ? 19q13.32

rs4420638 G
complex

8 x 107

1923.2 CRP 7 x

1923.2 CRP 6 x

LEPR 3 x

LEPR 7 x

IL-6R 2 x

IL-6R 2 x

GCKR 7 x

HNFIA4 2 x

HNFI14 7 x

APOE 9 x

19q13.32  APO 5 x

29 x107%  —021 -13° A(022) A (0.33)

10°°  0.03° NR 1.04° G (0.08) G (0.05)

1072 0.03° 0.21 -0.05 T (0.26) T (0.33)¢

107 0.80° —-0.15 —0.04° T (0.45) T (0.35)

10721 0.88 -0.17 —0.004 A (045) A (0.34)

107" 025 —-0.12 —-0.30° C (0.40) T (0.37)

10°%  041° -0.10 0.03 C(0.12) C(0.32)¢

1075 035 0.14 0.03 A(0.16) A (0.39)

1078 0.89° NR 0.04 A(0.14) A (0.38)

1077 0.52¢ —-0.15 0.02 A(031) A (0.42)

1073 071° -0.14 0.13° T (0.12) T (0.29)

1071 0.70 —-0.12 0.01 A(027) G (0.51)

1077 NA NR NA — —

1072 NA -0.26 NA — —

1072 046 -0.22 —-0.21 G(021) G (0.18)

NA, SNP not available in HUFS; NR, not reported; ?, risk allele was not reported.

ISNP replicated in HUFS.

®Observed beta was converted to adhere to uniformity in units and log transformation across studies. Our beta was multiplied by a factor of 4.35 (~10/2.3) to

convert it from mg/dl to mg/l and from natural log to log10.

°SNP was not available in Affymetrix data set but was genotyped in HUFS on Sequenom platform.

Frequency from 1000 Genome.
“Imputed SNP.
f1s8192284 has been merged into 1s2228145.

associated with CRP in EA but was restricted to 8 kb in our
AA and contained two SNPs (rs7553007, rs11265260) of the
three major SNPs associated with CRP in EA.

DISCUSSION

CRP is a well-known acute phase reactant in the inflammatory
process whose levels are elevated not just in infection, but also
in chronic non-communicable diseases such as CVD (4). Most
studies of the genetic variants influencing circulating CRP
levels have used a candidate gene approach with only a

handful using a genome-wide strategy. In the present study,
we conducted the first genome-wide association analysis of
CRP levels in AA. In common with the previous GWAS in
populations of EA and Asian ancestry (8,14—18), we found
that the strongest associations were with SNPs located
within and around the CRP locus. Similar to findings in Eur-
opeans, the SNPs with the lowest P-values in this study of
AA (rs3093058, rs9628671) are located in the CRP promoter
region; however, the risk alleles for these two SNPs are very
rare in populations of EA as demonstrated in the HapMap
CEU reference and NHANES data (21). Two previous candi-
date gene studies conducted in AA—Carlson et al. (22) and
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Table 5. SNPs associated with hsCRP levels in African Americans using the LD-based replication method

SNPs? Locus Gene name Reported P-value SNPs in LD Betasa/beta g Uncorrected P-value Corrected P-value df
Using HapMap CEU LD
1s7553007° 19232  CRP 8 x107% 152592887 —0.25/-0.16 45x107% 7.1x107% 1.58
51470515 —0.24/NA 1.9 x 107% 32x107% 1.58
152808624 —0.28/NA 14 x107% 2.1 x107% 1.58
511265257 —0.28/NA 1.5 x 107% 24 x107% 1.58
1$876537 —0.28/NA 19 x 107 3.0x 107 1.58
152808628 —0.27/NA 1.4 x 107% 22x107% 1.58
1s2808629 —0.28/NA 17 x107% 2.6 x 107% 1.58
152794520 —0.28/NA 6.4 x 107% 1.0 x 107% 1.58
1s1205 —0.29/—0.21 9.5 x 107 15%x107% 1.58
1s2027471° —0.30/—0.20 23%x107% 37 x107% 1.58
1s1341665° —0.30/NA 23%x107% 3.7 x 107% 1.58
151892534 1p31.3  LEPR 7 x 1072 154291477 —0.20/NA 41x107% 7.6 x 107% 1.87
1s6700896°  1p31.3  LEPR 3x 1071 154291477 —0.20/NA 41%x107% 7.7 x 107% 1.89
Using HapMap GIH LD
1s7553007° 19232  CRP 8 x 107% 152592887 —0.25/-0.16 45x107% 8.5x107% 1.87
151572970 —0.23/NA 1.9 x 107% 3.5%x107% 1.87
1$876537 —0.27/NA 19 x 107 3.6 x 107% 1.87
152808629 —0.28/NA 1.7 x 107% 3.1 x107% 1.87
152794520 —0.28/NA 6.4 x 107 12x107% 1.87
51205 —0.29/—0.21 9.5x107% 1.78 x 107% 1.87
1s6700896°  1p31.3  LEPR 3x 1071 1s3828033 —0.14/NA 0.01 0.03 2.16

Beta ga, beta in EA are taken from reference (15); betaaa, beta in AA; NA; not available; df, degree of freedom.

?Only SNPs that showed association with CRP levels are reported.

"SNPs were among the top 100 SNPs associated with hsCRP in initial analysis.

°SNPs reported in Europeans and Asian Indians.

Crawford et al. (21)—confirmed rs3093058 as being one of
three CRP SNPs contributing to ethnic differences in CRP
levels. The index SNP (rs3093058) associated with CRP in
our study is different from those previously reported in EA
(8,14—16) but tagging the same signal as shown by the LD
plots of EA and AA (Fig. 2). The difference seen across popu-
lations in the reported SNPs associated with a phenotype is not
uncommon, especially if one of the populations has an African
ancestry background that is characterized by shorter LD
blocks (23). These findings illustrate an important issue
often observed in genetic studies of admixed populations
such as AA. The reported genetic variants associated with a
phenotype may be population-specific due to differences in
the population’s ancestral background, haplotype structure
and allele frequencies as demonstrated by our study and by
re-sequencing of the CRP locus in several populations (24).
The confirmation or replication of reported signals is often
more successful in populations with a similar ancestry as the
original discovery population (25). Therefore, we chose to rep-
licate our findings in WA and successfully replicated all but
one SNP (rs16827466) with directionally consistent effect
size estimates. The lack of replication of rs16827466 in WA
may be due to heterogeneity in both allele frequencies and
effect size (as shown in Table 3). Although heterogeneity
between individual studies can affect replication efforts, the
robustness of the CRP association is quite remarkable,
seeing that our study successfully replicated three previously
reported CRP-associated SNPs (rs3091244, rs11265260 and
rs7553007) despite the sharp differences in allele frequency
(especially rs3091244 and rs7553007) between EA popula-
tions and our study sample. Differences in allele frequency
between populations can easily obscure associations and it

has been estimated that a change in minor allele frequency
(MAF) <0.1 can result in a drop in power to replicate from
80% to as low as 20% (26). In this study, we declared replica-
tion of a locus based on an adjusted P-value (<0.05) and con-
sistent effect size direction. It should be noted that the weak
LD structure seen in our AA samples is not always an advan-
tage when doing ‘exact replication’ because the large LD
block containing all the signals in EA was segmented into
smaller LD blocks in AA. On the other hand, this weak LD
in African ancestry populations is often an advantage in fol-
lowing up an association signal because it could result in con-
siderable refinement of the original locus, as has been
successfully demonstrated with loci associated with height,
uric acid and bilirubin (23,27,28). In the present study, we
were able to refine the localization of the CRP signal by suc-
cessfully fine-mapping the 25 kb interval of LD around the
CRP locus in the HapMap CEU sample by more than 2-fold
to 8 kb in our AA sample (assuming a single causal variant
in the region common to both populations). However, it
should be noted that fine mapping may be complicated by
multiple causal variants in the same region (some of which
may be population-specific). Future studies using sequence-
based approaches would probably provide examples of such
situations.

The present study did not find novel loci, which is not sur-
prising given the limited power of our small discovery panel
for detecting weak effect sizes. On the other hand, using an
LD-based replication strategy, we successfully replicated add-
itional SNPs in the LEPR gene previously reported to be asso-
ciated with CRP levels by two independent studies in
Europeans (8,15,16). In addition to CRP and LEPR, other
genes have been associated with CRP levels in Europeans
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YRI

Figure 2. Comparison of linkage disequilibrium in the HapMap Phase II CEU, YRI data and our HUFS sample at CRP locus. Circled SNPs are the top-ranking
SNPs associated with CRP levels in populations of European ancestry. Arrow indicates the index SNP (rs7553007) used to build the LD plot in the region. Arrow
indicates the position of the index SNP in our data (rs3093058).
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including HNF1A4 (gene encoding a hepatic transcriptional
regulator), IL6R, APO complex and GCKR (gene encoding a
hepatic and pancreatic glucokinase regulator protein).
However, none of these was replicated in the present study.
It should be noted that the associated SNPs vary considerably
in frequency between populations. For example, rs1183910
(T) in HNF1A has an MAF of 0.292 in HapMap CEU in con-
trast to 0.092 and 0.048 in the HapMap (Yoruba in Ibadan)
YRI and AA from Perlegen samples, respectively. This,
apart from sample size issues, is a source of heterogeneity
between studies.

Besides the commonly reported loci, we found suggestive
associations between serum CRP levels and LRPIB,
MAN2A1, ERCC4. Although the precise biological mechan-
isms by which these genes could influence CRP levels are cur-
rently unclear, there is indirect evidence that they play a role
in CRP regulation through processes that are mediated by
obesity. For example, ERCC4, a gene involved in nucleotide
excision repair, has been associated with abdominal obesity
in the GWAS of metabolic syndrome in Indian Asian men
(29) and LRPIB, which encodes an LRPIB, is associated
with BMI in a meta-analysis (conducted by GWAS) of 249
796 individuals of EA (30).

In conclusion, we have conducted a genome-wide associ-
ation analysis of CRP levels in AA and confirmed that the
genetic variants with the strongest effects are all within and
around the CRP locus. We also fine-mapped the CRP signal
to an 8 kb interval. Although the power to detect weak
effect sizes was limited by the sample size, we were able to
successfully replicate a secondary locus, the LEPR gene. As
additional studies of AA and other ethnicities are conducted,
meta-analysis would facilitate the discovery of more loci regu-
lating circulating CRP levels.

MATERIALS AND METHODS

The participants used in this study were drawn from a larger
population-based study of AA from the Washington, DC metro-
politan area. This study is described in detail elsewhere (31).
Briefly, the goal of the study was to enroll and examine families
as well as unrelated AA to study the genetics of common
complex traits. Participants were not ascertained based on any
phenotype. During clinic visits, participants provided written
informed consent and completed a set of questionnaires. An-
thropometric and blood pressure measurements were taken
and blood samples were drawn for measurements of several
biochemical parameters. All individuals included in this
GWAS for CRP were unrelated. The study protocol was
approved by Howard University Internal Review Board (IRB).

HsCRP was measured using a clinical auto analyzer
(COBAS Integra 400 plus). This is a particle-enhanced turbidi-
metric assay. Human CRP is made to react with latex particles
coated with monoclonal anti-CRP antibodies and the precipi-
tate is determined turbidimetrically at 552 nm. The measuring
range for this assay is 0.01—2 mg/dl.

Genome-wide genotyping was performed using the Affyme-
trix® Genome-Wide Human SNP Array 6.0. DNA samples
were prepared and hybridized following the manufacturer’s
instructions. After processing, chips were scanned and

genotype calls were made using the Birdseed 2 Algorithm.
All samples used in the analysis achieved a chip-wide call
rate of >95%. Individual SNPs were excluded if they had
a call rate of <95% across all individuals, an MAF of
<0.01 or had a Hardy—Weinberg equilibrium test P-value
of <1 x 107°. The average call rate for this set of SNPs in
these individuals was 99.55%. The concordance of blind
duplicates was 99.74%. A check for population stratification
or structure was sought by conducting non-parametric cluster-
ing of genotypes as previously described (32). The genomic
inflation factor (A) of 0.9961 and the quantile—quantile plot
(Supplementary Material, Fig. S1) showed minimal evidence
of population stratification. To adjust for any potential residual
population stratification and admixture, all association ana-
lyses were adjusted for the first two PCs of the genotypes com-
puted using EIGENSOFT (33).To increase genomic coverage,
imputation was performed using the MACH algorithm and
with the HapMap reference populations as previously
described (23). After quality control filters were applied,
~1.6 million successfully imputed SNPs were available,
bringing the total number of SNPs to 2366 856 genotyped
and imputed autosomal SNPs. CRP values were natural log-
transformed to assure model assumptions of normally distrib-
uted residuals. Genome-wide association analyses for In(CRP)
were conducted using multiple linear regression models as
implemented in PLINK v1.07. Analysis was done under an
additive genetic model, with one model adjusting for age,
sex, BMI, T2D and the first two PCs of genotypes, whereas
a second model adjusted for these covariates as well as
smoking status and hypertension. An association P-value of
<5 x 10~® was considered genome-wide significant.

The replication in WA of our top-scoring GWAS findings
was conducted in an independent set of unrelated subjects en-
rolled as part of the Africa America Diabetes Mellitus
(AADM) study, described fully elsewhere (34,35). The
AADM study is an international collaboration between Ameri-
can and African investigators to study the genetic epidemi-
ology of T2D in WA, with the participants coming from two
WA countries (Nigeria and Ghana). The selected SNPs were
genotyped using Sequenom Homogenous MassEXTEND or
iPLEX Gold SBE assays at the National Human Genome Re-
search Institute (NHGRI). The quality control filters previous-
ly described for the discovery sample were applied to this data
set. The association between each SNP and CRP level was
assessed using similar regression models under an additive
genetic model controlling for the same covariates as in the dis-
covery sample; replication significance was set at a P-value of
<0.05. The meta-analysis of the discovery and replication
cohorts was conducted using the METAL software (36). The
evidence of association was combined in two-sided P-values
using a fixed effects model. The sample size of each study
was used as weight and the sign of the beta value was used
as the direction of the association of the minor allele. The het-
erogeneity test was performed to evaluate between-study het-
erogeneity and a P-value of x* (P < 0.05) was used to declare
significance (37).

To conduct in silico replication of previously published
GWAS CRP signals (8,14,15) in AA [Howard University
Family Study, (HUFS)], we used a two-step strategy. Of the
15 commonly reported SNPs, 12 were available (either
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genotyped or imputed) in this study and we directly checked
their association statistics and P-values in our AA data set.
As a second step, we used LD to find additional markers in
LD with the reported SNPs. We queried a 500 kb window cen-
tered on the reported SNP for the SNPs in LD (+* > 0.3) with
the query SNP as previously described by Ramos ef al. (38)
and then obtained association statistics for the resulting
SNPs. The appropriate HapMap reference population for the
source GWAS (CEU for European, GIH for Indian Asian)
was used to determine LD (8). To correct for multiple
testing of correlated test statistics for SNPs in LD, the
number of independent tests was estimated by computing the
number of effective degrees of freedom (df) using the spectral-
ly decomposed covariance matrix (39). P-values were adjusted
for the number of independent tests in the region. P-values
for replication were considered significant if the adjusted
P < 0.05.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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