
A common haplotype of interferon regulatory factor 5
(IRF5) regulates splicing and expression and is associated
with increased risk of systemic lupus erythematosus
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Systemic lupus erythematosus (SLE) is a complex autoimmune
disease1 characterized by activation of the type I interferon
(IFN) pathway2–4. Here we convincingly replicate association of
the IFN regulatory factor 5 (IRF5) rs2004640 T allele with SLE5

in four independent case-control cohorts (P ¼ 4.4 � 10�16)
and by family-based transmission disequilibrium test analysis
(P ¼ 0.0006). The rs2004640 T allele creates a 5¢ donor splice
site in an alternate exon 1 of IRF5, allowing expression of
several unique IRF5 isoforms. We also identify an independent
cis-acting variant associated with elevated expression of IRF5
and linked to the exon 1B splice site. Haplotypes carrying the
variant associated with elevated expression and lacking the
exon 1B donor site do not confer risk of SLE. Thus, a common
IRF5 haplotype driving elevated expression of multiple unique
isoforms of IRF5 is an important genetic risk factor for SLE,
establishing a causal role for type I IFN pathway genes in
human autoimmunity.

Type I IFN is a central mediator of viral immunity6, and recent studies
have shown that many individuals with SLE strongly overexpress IFN-
responsive genes in blood cells4,7,8. However, it is not known whether
the IFN expression signature is a general biomarker of a dysregulated
immune system or rather if it reflects primary genetic variation causal
to the pathogenesis of human SLE. A recent study reported an allelic
association between interferon regulatory factor 5 (IRF5) and SLE,
with the best signal at SNP rs2004640 (ref. 5). IRF5 is a member of a
family of transcription factors that controls inflammatory and
immune responses9. It is critical for the production of the pro-
inflammatory cytokines TNF-a, IL-12 and IL-6 following Toll-like

receptor (TLR) signaling, as determined by knockout mouse studies10,
and is also important for transactivation of type I IFN and IFN-
responsive genes11,12.

In an effort to replicate the IRF5 association with SLE, we
genotyped four sets of SLE cases and controls from the US, Spain,
Sweden and Argentina (total of 1,661 cases and 2,508 controls) and
assessed association of the IRF5 rs2004640 T allele using a standard
case-control study design. We found a significant enrichment of the
T allele in cases compared with matched controls (overall, 60.4% in
cases versus 51.5% in controls; P ¼ 4.4 � 10�16; Table 1). The
frequency of the T allele was lower in the Argentine sample, possibly
owing to the mixed ethnicity of the individuals studied. Notably, in a
subset of 470 cases from the US for which family members were
available, a family-based association ruled out the possibility that
stratification could explain the results (P ¼ 0.0006, Table 2).

When we examined all the available case-control data13,14 (four
independent cohorts described here, plus the previously published
Swedish and Finnish cohorts5), we observed robust and consistent
association of the rs2004640 T allele with SLE, with individual odds
ratios (OR) ranging between 1.31 and 1.84 (Table 1). In the combined
analysis, the best estimate of risk for the rs2004640 SNP T allele is
OR ¼ 1.47 (1.36–1.60), with an overall P ¼ 4.2 � 10�21 (Table 1).
We found a single copy of the rs2004640 T allele in 45% of cases,
which conferred modest risk (pooled OR ¼ 1.27, P¼ 0.0031), whereas
the 38% of cases homozygous for the T allele were at a greater risk for
SLE (pooled OR ¼ 2.01, P ¼ 3.7 � 10�14; Supplementary Table 1
online). These data are most consistent with a general model of
inheritance in which individuals carrying one copy of rs2004640 T
allele are at increased risk for SLE, and individuals carrying two copies
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have an even higher relative risk. The relative risks for these genotypes
are independent, separate parameters. Multiplicative, additive, domi-
nant and recessive models were rejected at P values less than 0.032,
0.0008, 0.0015 and 1 � 10�13, respectively (see URLs section of
Methods). Thus, the evidence for association of the T allele of
rs2004640 is highly significant, well surpassing even correction for
testing all common variants in the human genome.

Given these convincing data for association of IRF5 with SLE risk,
we next investigated the potential functional consequences of the
rs2004640 T allele. Examination of the genomic sequence of IRF5
showed that the rs2004640 T allele is located 2 bp downstream of the
intron-exon border of exon 1B, creating a consensus GT donor splice
site (Fig. 1a). This observation led us to ask if rs2004640 influenced
splicing of IRF5. The splicing of IRF5 is known to be highly complex15.
IRF5 transcripts are initiated at one of three promoters, giving rise to
transcripts containing exon 1A, exon 1B or exon 1C (Fig. 1a).
Transcripts initiated at exon 1A and exon 1B are constitutively
expressed in plasmacytoid dendritic cells and B cells, whereas tran-
scripts bearing exon 1C are inducible by type I IFNs15. In addition,
multiple IRF5 isoforms are initiated at each promoter, with nine
previously identified isoforms (V1–V9, Fig. 1a)15.

We first examined whether rs2004640 affected expression of IRF5
transcripts bearing exon 1B. We isolated peripheral blood mono-
nuclear cells from individuals carrying GG, GT or TT rs2004640
genotypes and synthesized first-strand cDNA using RNA from these
cells. Using specific primers to detect transcripts associated with each
of the three exon 1 variants, we found that individuals with SLE and
controls homozygous for the G allele expressed IRF5 isoforms con-
taining exon 1A and exon 1C, but not exon 1B (Fig. 1b). In contrast,
individuals homozygous or heterozygous for the T allele expressed
transcripts containing exon 1B as well as transcripts containing exons
1A and 1C. Using TaqMan quantitative PCR assays, we detected exon
1B transcripts only in individuals carrying the rs2004640 T allele
(Fig. 1c). In all samples studied to date (66 total individuals;
rs2004640 genotypes: GG, n¼ 17; GT, n¼ 28; TT, n¼ 21), transcripts
containing exon 1A were more abundant than the other mRNA
classes. From this data, we conclude that only individuals with the
rs2004640 T allele express the multiple isoforms of IRF5 initiated at
exon 1B.

We successfully cloned two previously unidentified isoforms of IRF5
from the peripheral blood mRNA of rs2004640 heterozygote donors:

Table 1 Case-control association analysis of the IRF5 rs2004640 T allele with SLE

N

No. of

T alleles

Freq. of

T alleles

No. of

G alleles

Freq. of

G alleles OR (95% c.i.) w2 P Pooled ORa Pooled P

Argentina Cases 284 309 0.54 259 0.46 1.52 (1.20–1.93) 12.8 0.00035

Controls 279 245 0.44 313 0.56

Spain Cases 444 559 0.63 329 0.37 1.42 (1.18–1.71) 14.3 0.00016

Controls 541 589 0.54 493 0.46

1.45 (1.32–1.58) 4.4 � 10�16

Sweden-1 Cases 208 260 0.63 156 0.38 1.31 (1.01–1.71) 4.1 0.04268

Controls 254 284 0.56 224 0.44

USA Cases 725 879 0.61 571 0.39 1.47 (1.29–1.67) 34.8 3.6 � 10�9

Controls 1434 1467 0.51 1401 0.49

Sweden-2b Cases 480 595 0.62 365 0.38 1.51 (1.21–1.87) 13.8 0.0002

Controls 256 266 0.52 246 0.48

1.59 (1.31–1.94) 7.1 � 10�7

Finlandb Cases 109 137 0.63 81 0.37 1.84 (1.27–2.66) 10.3 0.00133

Controls 121 116 0.48 126 0.52

Combined analysis Cases 2250 2739 0.61 1761 0.39

Controls 2885 2967 0.51 2803 0.49
1.47 (1.36–1.60) 4.2 � 10�21

N, Number of individuals. c.i., confidence interval. ‘Number of alleles’ refers to number of alleles of rs2004640. aMantel-Haenszel test of pooled odds ratios and 95% confidence intervals.
bData from ref. 5.

Table 2 TDT analysis of IRF5 SNPs and haplotypes with SLE in 467

US pedigrees of European ancestry

Marker Allele Frequencya Tb Ub T/Ub w2 Nominal P c Permuted P d

rs729302 A 0.69 199 130 1.53 14.5 0.0001 0.0007

rs2004640 T 0.57 219 153 1.43 11.7 0.0006 0.0028

rs752637 C 0.68 199 161 1.24 4.0 0.0450 0.2999

rs2280714 T 0.72 153 127 1.20 2.4 0.1202 0.6248

Haplotypee Frequency T U T/U w2 Nominal P Permuted P

ATCT 0.54 192 139 1.38 8.5 0.0035 0.0192

CGTC 0.15 69 101 0.69 5.7 0.0167 0.1093

AGTC 0.13 88 77 1.14 0.7 0.4047 1.0000

CGCT 0.10 52 79 0.66 5.3 0.0216 0.1424

CGTT 0.04 18 29 0.60 2.9 0.0897 0.5105

CTCT 0.02 16 11 1.54 1.2 0.2645 0.9048

XTXTf 0.56 208 149 1.39 9.5 0.0021 –

XGXT 0.14 70 108 0.65 8.2 0.0042 –

XGXC 0.28 157 177 0.88 1.3 0.2542 –

aFrequency in parental chromosomes. bTransmitted and untransmitted chromosomes, and the
transmission ratio (T/U). cP value, uncorrected for multiple tests. dP value from 1,000,000
random iterations of the genotype data (see Methods). eHaplotype consisting of markers
rs729302, rs2004640, rs752637, rs2280714. fHaplotypes carrying the indicated allele
of rs2004640 and rs2280714.
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V10, which includes exon 1B and has an in-frame deletion of 30 nt at
the beginning of exon 7 and a predicted protein ten residues shorter
than V2, and V11, a transcript derived from exon 1C, with a 28-nt
deletion of exon 3, predicted to encode a truncated protein translated
from an alternate reading frame (Fig. 1a). Notably, several of these
isoforms, including isoforms initiated at exon 1B, contain splicing
variation in and around exon 6, which encodes part of an extended
PEST domain, a motif highly enriched for proline, glutamic acid,
serine and threonine, that is associated with control of protein
stability. Several unique and constitutively expressed IRF5 isoforms
are initiated at exon 1B, and these isoforms may influence the function
of IRF5 or the transcriptional profile of IRF5 target genes.

While this work was ongoing, others identified a common variant
near IRF5 as one of the polymorphisms most strongly associated with
gene expression variation in a genome-wide scan16,17. Specifically, a
variant B5 kb downstream of IRF5 (rs2280714 T allele) was identified
as a cis-acting determinant of IRF5 expression (or in strong linkage

disequilibrium (LD) with a cis-acting determinant) by testing the
1 million HapMap phase I variants for association to gene expression
in Epstein-Barr virus (EBV)-transformed B cells17.

The observation that a common variant is strongly associated with
IRF5 expression led us to ask whether elevated expression of IRF5
might be associated with the exon 1B splice site (Fig. 2). First, we
determined the relationship between rs2004640 and rs2280714 in 30
independent Centre d’Etude du Polymorphisme Human (CEPH) trios
from the HapMap project. D¢ for the two SNPs is 0.96; that is, nearly
all copies of the splice site rs2004640 T allele are on haplotypes bearing
the rs2280714 T allele. However, r2 for these SNPs is 0.68, as the
downstream rs2280714 T allele is also found on haplotypes that lack
the splice site rs2004640 T allele (see also Table 2 and Fig. 2e).
Although these two SNPs are strongly linked, the fact that the
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Figure 1 The rs2004640 T allele is associated with expression of variant

exon 1B IRF5 mRNA transcripts. (a) mRNA isoforms of IRF5. Three sets of

isoforms derive from three alternative promoters in the IRF5 5¢ region. The

location of the exons encoding the DNA-binding, PEST and protein

interaction domains, as well as the 3¢ untranslated region, are annotated.

Protein translation begins 10 bp from the 5¢ end of exon 2 at a consensus

ATG. Shown in the box is the location of the rs2004640 SNP, 2 bp

downstream of exon 1B. Two polyadenylation sites are present in the IRF5

3¢ UTR, and the lengths of the 3¢ UTRs for V5, V6, V7 and V8 are unknown.

Exon/intron structure is not shown to scale. (b) RT-PCR analysis of total RNA

purified from human PBMCs. Representative results for individuals with

defined rs2004640 genotypes are shown. Exon 1B transcripts are found

only in individuals carrying the rs2004640 T allele. The identities of most of

the bands observed in these reactions correlate with known isoforms of the

gene, confirmed by sequencing. (c) Summary of TaqMan real-time
quantitative RT-PCR analysis for transcripts associated with exons 1A, 1B

and 1C. Each bar represents mean ± s.e.m. expression level. n ¼ 8 SLE

cases for each genotype. Similar data were obtained for normal controls

(data not shown). DCt values were calculated from duplicate samples

normalized to human b2-microglobulin and were converted to linear scale.
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Figure 2 The SLE risk haplotype is associated with elevated expression of

IRF5. (a) rs2004640 was typed in 90 HapMap CEPH (CEU) DNA samples,

and the haplotype structure of the region was analyzed using Haploview and

Locusview. (b) Levels of IRF5 mRNA, as determined by microarray, were

compared between EBV-transformed cell lines from CEPH individuals typed

for rs2004640 and rs2280714. Identical findings were observed when only

CEPH founders were examined. (c,d) Levels of IRF5 mRNA transcripts,

measured by Affymetrix microarrays, were compared in the whole blood

(n ¼ 41) and PBMCs (n ¼ 37) of two sets of independent SLE cases. IRF5

mRNA transcript levels were compared by rs2280714 genotype in whole-

blood SLE samples: TT versus TC, P ¼ 0.01; TC versus CC, P ¼ 0.0006;

TT versus CC, P ¼ 0.000002. A similar analysis was performed for the SLE

PBMC samples: TT versus TC, P ¼ 0.66; TC versus CC, P ¼ 0.0002; TT

versus CC, P ¼ 0.000004. (e) The SLE risk haplotype contains both the
rs2004640 T allele (green) and the rs2280714 T allele (blue). Shown are

haplotype frequencies of CEPH founders, as determined by Haploview.

rs729302 is located 5¢ of the haplotype marked by rs2004640, rs752637

and rs2280714. Haplotypes that contain the rs2280714 T allele together

with the rs2004640 G allele do not confer risk for SLE (see Table 2).

5 52 VOLUME 38 [ NUMBER 5 [ MAY 2006 NATURE GENETICS

LET TERS
©

20
06

 N
at

ur
e 

P
ub

lis
hi

ng
 G

ro
up

  
ht

tp
://

w
w

w
.n

at
ur

e.
co

m
/n

at
ur

eg
en

et
ic

s



3¢ rs2280714 T allele can be observed in the absence of the upstream
splice site SNP allowed us to determine which variant is the best
predictor of IRF5 expression and also SLE risk.

We examined the association between IRF5 expression and the two
SNPs using expression data from EBV-transformed B cells of CEPH
family members and from peripheral blood cells of two independent
sets of SLE cases. We first genotyped rs2004640 and rs2280714 in 233
CEPH individuals previously used for a genome-wide survey of
determinants of gene expression16 and examined these variants for
association with IRF5 expression. We found that the T alleles of both
rs2004640 and rs2280714 were associated with higher levels of IRF5
mRNA expression (Fig. 2b). However, the rs2280714 T allele was a
better predictor of IRF5 overexpression in 92 unrelated individuals
than was the rs2004640 T allele (P¼ 2 � 10�16 versus P¼ 5.3 � 10�11,
respectively) and in the full data set of 233 individuals, consisting of 14
extended pedigrees and 38 unrelated individuals (Fig. 2b). We
observed similar findings in the peripheral blood cells of two inde-
pendent groups of SLE cases (Fig. 2c,d). On the basis of these data, we
can reject the hypothesis that the splice site rs2004640 SNP is the cis-
acting variant controlling expression, as rs2280714 remains signifi-
cantly associated with IRF5 expression (P ¼ 4.7 � 10�7) after logistic
regression conditional on rs2004640, whereas rs2004640 no longer
remains significant after controlling for rs2280714.

Using the recently released phase II HapMap genotype data
(B5 million SNPs across the genome), we next tested all available
variants (including rs2004640 and rs2280714) within 100 kb of IRF5
for association with IRF5 expression in EBV-transformed B cells from
42 unrelated individuals from the HapMap CEPH (CEU) popula-
tion16,18. We found that rs2280714 and four polymorphisms that are
perfect proxies of rs2280714 (r2 ¼ 1.0) are the most strongly
associated with IRF5 gene expression (P ¼ 1.0 � 10�10, Supplemen-
tary Table 2 online). Given that these variants are well downstream of
IRF5, and that they do not lie in a recognizable regulatory region, we
hypothesize that there may be additional genetic variation in tight LD
with rs2280714 that drives the expression phenotype.

We next asked whether overexpression of IRF5 (rs2280714), the
presence of exon 1B–initiated IRF5 isoforms (rs2004640) or both are
associated with SLE. The fact that B14% of IRF5 haplotypes are
associated with overexpression but lack the exon 1B splice site allows
the opportunity to test whether the allele associated with overexpres-
sion (rs2280714) is independently associated with SLE (Table 2).
Indeed, in 470 SLE pedigrees, only haplotypes bearing the exon 1B
splice site (rs2004640 T allele) show overtransmission using the
transmission disequilibrium test19 (208:149 T:U, P ¼ 0.0021;
Table 2). Haplotypes associated with overexpression of IRF5
(rs2280714 T allele) but lacking the exon 1B splice site show no
evidence of association with increased risk of SLE (rs2004640/
rs2280714 ‘G/T’ haplotype; 70:108 T:U; Table 2). Supporting the
family-based analysis, we found no difference in the frequency of the
rs2004640/rs2280714 ‘G/T’ haplotype between SLE cases (n ¼ 1,358,
13%) and controls (n¼ 2,278, 15%; P¼ 0.98; Supplementary Table 3
online). Additionally, rs2280714 was not significantly associated
with SLE in the case-control analysis after logistic regression condi-
tional on rs2004640 (P ¼ 0.22). We therefore conclude that over-
expression of IRF5 in the absence of the exon 1B splice site does not
confer risk of SLE.

How might the exon 1B IRF5 isoforms cause increased risk of SLE?
Type I IFN and TLR signaling are known to induce the phosphoryla-
tion of IRF5, leading to the transactivation of downstream genes9,
including the type I IFNs themselves11,12,20,21. Multiple IRF5 isoforms
are initiated at exon 1B, and they differ in both the coding and

noncoding portions of the transcript. Thus, individuals with exon 1B
transcripts may express IRF5 protein isoforms with different stability,
affinity for transcriptional cofactors and/or activation properties.
Transfection studies have shown that the IRF5 isoforms differ
in their ability to transactivate IFN genes15. For instance, the exon
1B transcript V2 stimulates production of IFN-b but not IFN-a1 or
IFN-a2 (ref. 15), suggesting that differential expression of IRF5
isoforms may influence the pattern of IFN gene induction directly.
Notably, the reference IRF5 genomic sequence for chimpanzee con-
tains the exon 1B splice site (rs2004640 T allele), suggesting that the T
allele is ancestral and that the function of exon 1B isoforms is
evolutionarily conserved.

In summary, these data confirm the association of IRF5 with SLE
and identify an IRF5 risk haplotype that contains both a splice donor
site that allows expression of multiple IRF5 isoforms containing exon
1B and a separate genetic effect associated with elevated IRF5 expres-
sion. The IRF5 exon 1B isoforms are strongly linked to elevated
expression of IRF5 and to risk of SLE; however, overexpression of IRF5
in the absence of exon 1B isoforms does not confer risk. These data
provide new mechanistic insights into SLE pathogenesis and should
serve to focus future research on the genetic basis of SLE.

METHODS
Clinical samples. A collection of American SLE families of European descent

consisting of 187 sib-pair and 223 trio pedigrees was recruited at the University

of Minnesota. An additional 63 trios from the National Institute of Arthritis

and Musculoskeletal and Skin Disease (NIAMS)-sponsored Lupus Multiplex

Registry at Oklahoma Medical Research Foundation (OMRF) were included in

the analysis. The overall US family cohort comprised 681 individuals with SLE

and 824 other family members. We genotyped 459 probands from the US

family collection, 266 cases from the Hopkins Lupus Cohort, 41 controls from

Minnesota and 1,393 controls of European ancestry from the New York Health

Project22 collection for the case-control analysis.

Three additional SLE case-control cohorts were studied. A cohort of 444

individuals with SLE and 541 control individuals was collected in several clinics

in the Andalucia region of southern Spain. All individuals are of Spanish

European ancestry. A second cohort of 284 SLE cases and 279 matched controls

was collected through a multicenter collaboration in Argentina. Individuals are

of European (72.5%) and mixed (20%) ancestry. Six percent were of Amer-

indian (n ¼ 1), Asian (n ¼ 2) or unknown ancestry (n ¼ 22). A third set of 208

ethnic European Swedish SLE cases and 254 controls from the Stockholm-

Uppsala area were studied (no overlap with the previously published cases5). All

cases fulfilled the revised American College of Rheumatology criteria for SLE23.

These studies were approved by the Human Subject Institutional Review

Boards at each institution or the ethics committees from each country.

Informed consent was obtained from all subjects.

Genotyping. Four polymorphisms from IRF5 (rs729302, rs2004640, rs752637

and rs2280714) were genotyped in the 470 families by primer extension

of multiplex products with detection by matrix-assisted laser desorption

ionization–time of flight mass spectroscopy using a Sequenom platform. The

average genotype completeness for the four assays was 98.3%. The genotyping

consensus error rate was 0.7% (nine errors in mendelian inheritance from 1,288

parent-offspring transmissions; all errors were zeroed out, and no single marker

had more than three errors).

For the US case-control studies, rs2004640 was typed by TaqMan for the

Johns Hopkins cases and for the US controls, and by Sequenom for all other

samples. Genotyping of rs2004640 was performed separately for the Spanish,

Swedish and Argentine cases and controls. Briefly, these three sets were

genotyped at the Rudbeck Laboratory at Uppsala University using the TaqMan

Assay-on-Demand (ABI) for rs2004640. The average genotype completeness

was 99% for the Swedish samples, 98% for the Argentine samples and 86% for

Spanish samples.

rs2280714 was typed for the case-control studies on both the Sequenom

platform and using a TaqMan assay (Rudbeck Laboratory). Over 1,100
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individuals were typed on both platforms with 98.2% concordance of results.

The following samples were not typed for rs2280714: 63 OMRF trios, 96

Spanish SLE cases, 126 Swedish cases and 161 Swedish controls. Hardy-

Weinberg equilibrium (HWE) P values for rs2004640 and rs2280714 for each

population are presented in Supplementary Table 4 online. Primer and probe

sequences are provided in Supplementary Table 5 online.

Family-based association analysis. The transmission disequilibrium test

(TDT) was performed using Haploview v3.2 under default settings. Haploview

v3.2 examines the transmission patterns of all complete trios within each

pedigree. To assess the statistical significance of the results, the transmitted or

untransmitted status of each genotype and haplotype was randomly permu-

tated for 1,000,000 iterations and the best w2 value generated for each

permutated dataset was recorded. The number of times the permutated w2

value exceeded the nominal w2 value was divided by the number of iterations

(here, 1,000,000) to generate the permutated P value. The pedigree disequili-

brium test (PDT) was performed as described24.

Case-control analysis. We used w2 analysis to evaluate the significance of

differences in genotype and allele frequencies in the case-control samples. The

allele frequencies for cases and controls were used to calculate the odds ratio

(OR) and the 95% confidence interval using Woolf ’s method (ln(OR) –

1.96(1/A + 1/B + 1/C + 1/D)1/2). The w2 value was calculated from the 2 � 2

contingency tables, and P values were determined using one degree of freedom.

For the case-control haplotype analysis, Haploview v3.2 was used to generate

haplotype frequencies and calculate the significance of associations. In the case-

control haplotype analysis, only the 1,358 cases and 2,278 controls for which

complete genotype data at both rs2004640 and rs2280714 were available were

used in the analysis.

Meta-analysis. Results for rs2004640 in SLE cases collected in Argentina, Spain,

Sweden and the US were combined using the Mantel-Haenszel meta-analysis of

the ORs13,14, and these data were subsequently combined in a separate analysis

with the published results of the association of rs2004640 with SLE in Finnish

and Swedish collections5.

Determination and quantification of IRF5 UTR-specific transcripts. Total

RNA from individuals with SLE carrying the various genotypes was purified

from peripheral blood mononuclear cells (PBMCs) with TRIZOL Reagent

(Invitrogen). We reverse-transcribed 2 mg of total RNA with 2 units (U) of

MultiScribe transcriptase in PCR buffer II containing 5 mM MgCl2, 1 mM

dNTPs, 0.4 U of RNase inhibitor and 2.5 mM random hexamers (all results were

confirmed using oligo-dT–primed cDNA). All reagents were from Applied

Biosystems. Synthesis was performed at 42 1C for 45 min, and the reaction was

terminated at 95 1C for 5 min.

IRF5 isoforms with distinct 5¢-UTRs were quantified by real-time PCR with

TaqMan on an ABI PRISM 7700 Sequence Detector (Applied Biosystems) with

SDS 1.9.1 software. Primers used to distinguish PCR products with different

UTRs are shown in Supplementary Table 5. We used a common reverse primer

lying in exon 3 as well as a common TaqMan probe. We performed 45 or 52

cycles of two-step PCR (95 1C for 15 s and 65 1C for 1 min) in a buffer

containing 1.5 mM MgCl2, 200 mM of each of dNTP, 0.5 U of Platinum Taq

polymerase (Invitrogen), primer-probe mix and cDNA. Expression levels were

normalized using human b2-microglobulin with commercial primer-probe

mix (Applied Biosystems).

Standard PCR amplification of diverse isoforms of IRF5 was performed with

the same forward primers as for the TaqMan assay with a reverse primer

designed to allow amplification of all transcripts containing exon 8 (primers

shown in Supplementary Table 5). Cycle conditions were 95 1C for 3 min,

followed by 40 cycles of 95 1C for 15 s, 60 1C for 15 s and 72 1C for 1.5 min.

PCR was performed in 25 ml reaction volume with 0.5 U of Platinum Taq

polymerase (Invitrogen) in the buffer supplied by the manufacturer. PCR

products were electrophoresed on a 1.5% agarose gel.

The statistical analysis of isoform expression was performed using a two-

tailed t-test included in GraphPad Software.

Cloning and sequencing of IRF5 isoforms. To isolate new isoforms, we

conducted RT-PCR, using as a template total RNA isolated from human

PBMCs of two individuals with SLE carrying the TG allele of rs2004640. We

used the same forward primers matching exon 1 used for the TaqMan RT-PCR

assays and a common reverse primer lying in the last exon (Supplementary

Table 5). PCR products were analyzed by gel electrophoresis and individual

bands were excised and purified. Sequencing was performed using the BigDye

reaction at the Uppsala Genome Center. Two new transcripts, which we called

V10 and V11, were identified and deposited in GenBank. All primer and probe

sequences for isoform expression analysis and sequencing are provided in

Supplementary Table 5.

IRF5 expression analysis. Two SNPs in the IRF5 region (rs2004640 and

rs2280714) were genotyped using the Sequenom platform described above in

30 CEPH trios (CEU, 90 individuals) from the International HapMap Project18,

and the data was integrated into the Phase II data (HapMap data release #19)

for 100 kb flanking IRF5. In addition, three SNPs (rs726302, rs2004640 and

rs2280714) were genotyped in the 233 CEPH individuals (14 extended

pedigrees, including 21 trios that are part of the HapMap CEU samples, and

38 unrelated individuals) described in ref. 16, using Sequenom. Linear regres-

sion (performed with the R statistical package) was used to test the significance

of association of genetic variants to IRF5 expression levels using publicly

available gene expression data (Gene Expression Omnibus (GEO) accession

number GSE1485, IRF5 probe 205469_s_at)16 in the 233 CEPH individuals,

subdivided by (i) 42 unrelated founders included in the HapMap CEPH (CEU)

population, (ii) 92 unrelated individuals and (iii) all 233 individuals. Gene

expression data were also obtained from the PBMCs of 37 individuals with SLE

(Affymetrix U95A chips, IRF5 probe set 36465_at)4 and from PaxGene RNA

from whole blood of 41 individuals with SLE of European descent (Affymetrix

U133A chips, IRF5 probe set 205469_s_at).

Accession codes. Sequences for isoforms V10 and V11 have been deposited in

GenBank under accession numbers DQ277633 and DQ277634, respectively.

URLs. Genetic model testing: http://pngu.mgh.harvard.edu/~purcell/model/

model.html. Haploview v3.2: http://www.broad.mit.edu/mpg/haploview/.

GraphPad Software: http://www.graphpad.com.

Note: Supplementary information is available on the Nature Genetics website.
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