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Asthma is a complex disease and the intricate interplay between genetic and environmental factors
underlies the overall phenotype of the disease. Families with at least two siblings with asthma were
collected from Europe, Australia and the US. A genome scan using a set of 364 families with a panel of 396
microsatellite markers was conducted. Nonparametric linkage analyses were conducted for asthma and
three asthma-related phenotypes: bronchial hyper-reactivity (BHR), strict definition of asthma and atopic
asthma. Nine chromosomal regions with LOD scores greater than 1.5 were identified (chromosomes 1q,
2p, 3q, 4p, 4q, 6q, 12q, 20p and 21). Linkage refinement analysis was performed for three BHR loci by
genotyping single nucleotide polymorphisms at an average marker density of 1 cM. The LOD scores
increased to 3.07 at chromosome 4p and 4.58 at chromosome 2p, while the chromosome 6p locus did
not refine. The LOD score at the chromosome 2p locus is highly significant on a genome-wide basis.
The refined locus covers a region with a physical size of 12.2Mb. Taken together, these results provide
evidence for a major asthma susceptibility locus on chromosome 2p.
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Introduction
In the UK, the prevalence of diagnosed asthma and

symptoms strongly suggestive of asthma in children has

increased at a rate of about 5% a year and this trend was

noticed in most of the countries studied.1 The cost of

treating asthma is approximately $6 billion per annum in

the US.2,3 The complex interplay between genetic and

environmental factors underlies the overall phenotype of

asthma. Environmental exposure to allergens, pollutants,

and respiratory viruses contribute to the development of

asthma.4,5 Genome-wide screens for asthma and related

phenotypes have been completed in a number of indepen-

dent populations.6–16 The regions most consistently

shown to be in linkage with asthma include the cytokine

cluster on chromosome 5 and chromosome 11q13, 12q24,

16q23, and 17q12 (reviewed in Cookson17 and Wills-Karp

and Ewart18). Recently, there have been four reports on the

positional cloning of asthma genes.19–22 Overall results

from these genome scans differ significantly, which may be

attributed to the differences in sample size and the choice

of phenotypes. Replication of linkage findings in complex

diseases requires a substantially larger data set than that in

which the original findings were made; this is because

practicable sample sizes always represent a fraction of the

ideal, and some chance concentration of families with

linkage in a particular region is likely.23 Moreover, subtle

differences in the phenotype definition between studies

render the replication of linkage results difficult.

Herein, we present results of a genome-wide search for

linkage to asthma from a large, international family-based

study, using a set of well-validated markers. In comparison

to previously reported asthma linkage results, this study is

larger in sample size and is based on a wide array of

demographic and clinical variables. Moreover, the use of

multiple asthma case definitions enabled us to compare

identified linkage regions across these phenotypic sub-

groups, as well as interpreting our results in light of

previously published reports.

Materials and methods
Subject recruitment and clinical evaluation

Asthma families were studied at eight clinical centers (see

online supplementary Table 1 for details) as part of the

Genetics of Asthma International Network (GAIN) collec-

tion.24 The following criteria were used for the ascertain-

ment of the families:

(a) Male and female probands aged 8–35 years, with

documented episodes of wheezing in the past 12

months and who were physician diagnosed as having

asthma.

(b) Affected sibling/s aged 7–35 years who had documen-

ted symptoms and treatment for asthma for at least 2

years.

The asthma diagnosis was defined by the participating

physician who recruited the patient and not from self-

reports. Baseline spirometry was performed according to

American Thoracic Society criteria.25,26 A methacholine

challenge test was carried out on all subjects unless the

baseline FEV1 was r70% of the predicted value.27,28 A

bronchodilator reversibility test was performed in those

subjects with baseline FEV1 r70% of the predicted value.

Skin prick tests for common allergens (dust mites –

Dermatophagoides pteronyssinus and D. farinae, dog, cat,

grass mix, pollen and alternaria) were conducted. Allergens

were procured from ALK, Reading, Berks, UK. The patients

were considered atopic if the wheal diameter was Z3mm

above the negative control (saline) for at least one allergen

tested. Total serum IgE measurements were also taken. The

clinical, laboratory and questionnaire data and the DNA

samples were collected from the siblings and the parents.

Appropriate Institutional Review Boards approved the

studies and informed consent was obtained from all

subjects. All of the families used in the linkage analysis

from this population were of Caucasian ethnicity.

Quality control of the asthma diagnosis

Families were ascertained from different clinical centers in

the world and physicians trained in several continents

assigned the diagnosis. Before conducting genetic analyses,

the asthma phenotype definitions were validated in order

to minimize Type I and Type II errors. A clinical panel

comprised of seven physicians was established and clinical

data from 200 individuals from the participating sites were

provided to these physicians. The panel was asked to assign

the patients into the following diagnostic categories only

by looking at the data provided. (1) Definite asthma, (2)

probable asthma (very likely that the patient has asthma

but the available data leaves some doubt), (3) possible

asthma (likely not to have asthma but there is some data

that could support the diagnosis) and (4) no asthma.

Phenotypes The following phenotypes were evaluated

for linkage analysis. (a) Asthma (diagnosis by a participat-

ing physician); (b) bronchial hyper-reactivity (BHR, a

positive methacholine response (Z20% reduction in

FEV1) at or below 8mg/ml of methacholine); (c) atopic

asthma (asthma and a positive result on at least one skin

allergen test); (d) strict asthma (two or more classic

symptoms – cough, wheeze and dyspnea – and a positive

methacholine challenge test or bronchodilator reversibility

based on the algorithm proposed by the Collaborative

Study on the Genetics of Asthma29,30).The numbers of

informative sib pairs for asthma, BHR, strict asthma and

atopic asthma were 406, 184, 158 and 334, respectively.

Hence, the power of the study to detect linkage for asthma

and atopic asthma is substantial but goes down for the

other sub phenotypes.
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Genotyping
Amplification of microsatellite markers A genome-

wide microsatellite marker scan was performed on genomic

DNA extracted from whole blood using the Puregener

system (Gentra systems). The genotyping methodology

used for the microsatellite markers is described else-

where.31 The genotyping was done at the Center for

Human Genetics at Duke University, North Carolina.

Potential pedigree errors were checked using the program

RELPAIR.32 Follow-up analyses of sample integrity were

performed with PREST.33

SNP genotyping For refinement of linkage regions,

marker spacing was decreased to approximately 1 cM

intervals across loci of interest. Single nucleotide poly-

morphism (SNP) markers with minor allele frequency of

410% were selected from public databases and from the

Applied Biosystems Assays-on-Demandt catalogue. SNP

genotyping was performed using Amplifluor and Taqmans

technologies.

Statistical analysis

Inter-rater reliability of asthma diagnosis by the panel of

physicians was analyzed using the MAGREE34 macro in SAS

software. Inspection of Mendelian errors over all markers

and the distribution of marker alleles shared identical by

state and identical by descent for relative pairs was used to

check for pedigree errors and monozygotic twins.33 Any

family member whose biological relationship was found to

be in error was excluded from analysis. Mendelian errors

were eliminated using an algorithm which identifies

individuals whereby setting their genotype for a particular

marker to ‘missing’ eliminates the errors (Ramana Idury,

personal communication).

All markers typed were placed on the Decode-NCBI

integrated map. Multipoint nonparametric linkage ana-

lysis, as implemented in MERLIN, was used in all analyses.35

This software implements the Kong and Cox’s likelihood

modification36 which calculates exact likelihoods and

reports LOD scores based on a one parameter allele sharing

statistic, Zlr, rather than using the perfect data approxima-

tion. LOD scores were computed at a grid density of 1 and

0.1 cM for the primary and refinement scans, respectively.

Entropy, a measure of information content, was also

calculated in Merlin. As a first pass, an arbitrary and

modest LOD threshold was chosen for declaring a linkage

region as ‘interesting’. For example, each highlighted

region has at least one LOD score 41.5 from any of the

four phenotypes analyzed. While this approach may

increase the number of false-positive results that may be

subjected to more detailed examination, it decreases the

serious possibility of missing a true genetic effect. The span

of the peaks (in cM) was reported as 1 LOD drop support

interval from the highest LOD score in the Decode-NCBI

integrated map.

Results
Clinical features

The families for the asthma linkage scan reported here were

recruited from eight clinical centers in Europe, Australia

and the US. The clinical features of the subjects included in

the genome scan are reported in Table 1. The average

number of individuals per family was 4.3 (76% families

with four individuals, 21% with five individuals and 3%

with six individuals). A summary of the phenotype data

used in the linkage analysis for siblings and parents are

shown in Table 2. Ninety three percent of the siblings

included in the linkage scan were diagnosed as asthmatics

by the participating physician who recruited the patients.

Forty eight (5.9%) siblings had a history of asthma, but the

participating physician diagnosed them as non-asthmatics.

One percent (n¼8) of the siblings did not receive a

conclusive diagnosis of asthma. Among the siblings with

a physician’s diagnosis of asthma, 58% (n¼448) were

bronchial hyperreactive, while 32% (n¼243) were not.

Fifty eight percent (n¼ 445) of the siblings with a

physician’s diagnosis of asthma were positive for the strict

definition of asthma and 6% (n¼47) were negative, while

36% (n¼278) did not have a definitive diagnosis. Seventy

three percent of the siblings (n¼558) with a physician’s

diagnosis of asthma also had positive reaction to one or

more allergens.

Quality control of asthma diagnosis

Statistical analysis of the data for inter-rater variability

showed that there was strong agreement between the panel

physicians on the diagnosis. The multiple Kappa statistic

for the inter-rater reliability was 0.42 (P-value o0.0001). As

expected, there was more agreement between the physi-

cians on the extreme responses (definite asthma and

definitely no asthma). The panel diagnosis was compared

Table 1 Demographics and clinical characteristics of the
subjects used for linkage analysis

Variable
Siblingsa

(n¼ 827)
Parents
(n¼728)

Age (years) 14.1070.17 43.1370.23
Age of onset (years) 5.1170.15 17.4570.95
Gender (female subjects %) 48.48 50
FEV1 (Lit)b 2.7370.92 3.4170.03
FEV1 percent predictedc 99.4970.54 97.5470.58
Log IgE 2.1470.03 1.7370.02
PC20 9.9670.47 20.34714.05
Percent positive skin testsd 24.0770.74 16.3170.73

aProbands and their siblings.
bForced expiratory volume in 1 s as absolute values in liters.
cForced expiratory volume in 1 s expressed as the percentage of the
predicted values.
dPercentage of the positive skin prick tests. The skin test was
considered positive if the wheal diameter was Z3mm above the
negative control (saline) for a particular allergen tested.
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with the original diagnosis and there was very good

agreement between the majority decision in the panel

and the diagnosis by the physician who recruited the

patients (details of the concordance in diagnosis is

available in online supplementary Table 2). Thus, we have

established that there is substantial reliability in assign-

ment of the disease status among the participating

investigators.

Linkage analysis

A total of 1551 samples were genotyped using a panel of

(396) STRP markers. A list of the markers and the map

distances are provided in the online supplementary Table

3. DNA samples were not available for four parents with

phenotype data. Inspection of the pedigree errors33

indicated that 18 families had at least one error, which

translated to an error rate of 0.14%. Corrections were made

to the families in error. Only two families were dropped

entirely from the analyses.

These data were analyzed for linkage to four asthma-

related phenotypes using multipoint nonparametric link-

age. The results of the multipoint linkage analysis of the

combined scan are shown in Figure 1. LOD scores were

plotted versus the map distance for each of the 22

autosomes and the X chromosome. Nine chromosomal

regions with a LOD score greater than 1.5 for at least one of

the four phenotypes were identified (chromosome 1q, 2p,

3q, 4p, 4q, 6q, 12q, 20 and 21, see Table 3 for details).

Linkage refinement analysis

Three loci showing suggestive evidence of linkage to the

BHR phenotype were selected for the follow-up study (2p,

4p and 6q). SNP markers at 1 cM interval were genotyped to

cover the entire peak (not just the 1 LOD support interval).

The average linkage information content of these regions

increased from 80 to 90% after adding the SNP markers.

Map distances were obtained from the NCBI Build 33 using

the Decode STR map as a framework. These maps were

checked for consistency in marker order with other

available mapping resources, for example, Marshfield and

Genethon Maps. To ensure that observed increase in

linkage LOD score for the fine-mapping study are robust

and not due to SNPs in LD with each other,37,38 LD across

the region was tested using 724 founders with genotype

data. On average, the refinement regions had a marker

every cM. LD across the refined regions was low and it is

unlikely that the LOD score would have been inflated by

the effects of LD.

The multipoint LOD score for BHR increased to 4.58

(Po0.000001; Figure 2) on chromosome 2, after adding 85

SNPs in the region of interest. The LOD scores at this locus

are highly significant on a genome-wide basis, even

allowing for multiple marker testing. Similarly, 36 SNPs

were used to fine map the chromosome 4p region. There

was only a modest increase in the LOD score for BHR at this

locus on refinement, increasing from 2.75 to 3.07 (Fig-

ure 3). Eighty five SNPs were used to perform the linkage

refinement analysis of the chromosome 6q locus; however,

this locus did not yield any refined peaks (see figure in the

online supplementary data for details). The maximum

multipoint LOD score for atopic asthma increased from

1.77 to 2.59 at 146 cM. However, the LOD score for BHR

decreased from 1.7 to 1.2 and the peak LOD score shifted to

130 cM (original Max LOD was at 126 cM). There were

multiple peaks for other phenotypes and the results in

general indicate that the 6q locus did not refine upon

adding more markers. The linkage information content on

chromosome 2p, 4p and 6p are also shown in Figures 2 and

3 and online supplementary figure, respectively. The list of

the markers used for the linkage refinement analysis of

chromosome 2p, 4p and 6q regions are provided in the

online supplementary Tables 4, 5 and 6, respectively.

Discussion
Our genome scan revealed suggestive evidence of linkage

to asthma and related phenotypes in nine chromosomal

regions. There are several reports on linkage to the BHR

phenotype and one of the asthma positional cloning

reports is from a BHR locus.19 We also have a large

collection of families with information on methacholine

challenge test (184 sib-pairs with BHR in the genome scan

Table 2 Phenotypic characteristics of the parents and siblings in the genome scan

Parents (n¼ 728) Siblings (n¼827)

Phenotype Affected (%) Unaffected (%) Undefined (%) Affected (%) Unaffected (%) Undefined (%)

Asthmaa 33.5 58 8.5 93.1 5.9 1
BHRb 30.90 62.1 6.9 56.7 33.3 10
Strict asthmac 18.3 48.4 33.3 54.1 10.5 35.4
Atopic asthmad 24.9 33.7 41.4 67.7 3.7 28.5

aA participating physician examined the patients and made a conclusive diagnosis of asthma.
bBronchial hyper-reactivity: a positive methacholine response (Z20% reduction in FEV1) at or below 8mg/ml of methacholine.
cTwo or more classic symptoms (cough, wheeze and dyspnea) and a positive methacholine challenge test or bronchodilator reversibility based on the
algorithm proposed by the Collaborative Study on the Genetics of Asthma (Barnes et al, 1999).
dPhysician’s diagnosis of asthma and a positive result on at least one skin allergen test.
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set). Since asthma is a heterogeneous disease, examining

specific mechanisms like BHR in an asthma family

collection might increase the probability of success in

identifying susceptibility genes. Three regions showing

suggestive evidence of linkage to BHR were selected for

follow-up studies. The linkage refinement analysis of the

chromosome 2p locus was highly significant. The locus

defined by one LOD drop interval spans 5 cM and the peak

is centered on the SNP marker rs2063871. The flanking

markers centromeric and telomeric to this region are

rs737030 (80.16 cM) and rs920520 (69.2 cM), respectively.

This region corresponds to a physical size of 12.2Mb and

the LOD score at this region reaches genome-wide

significance level.39
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Figure 1 Genome-wide scan of asthma phenotypes in the Genetics of International Network (GAIN) Families. Multipoint LOD score is shown on
the vertical axis and map distance on the horizontal axis. The list of the STRP markers analyzed in the genome scan and the map distances are given in
the supplementary Table 3.
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Reports on genome-wide searches for linkage to asth-

ma6–16 vary considerably, which could be due to differ-

ences in study design and sample size, as well as the fact

that asthma is a heterogeneous disease with multifactorial

etiology. Nevertheless, using recommended criteria,39

several regions had P-values that met the criteria for

suggestive evidence of linkage (Pr0.002 or LODZ1.9,

reviewed in Hoffjan and Ober40). There are five reports

where linkages to asthma or asthma-associated phenotypes

reach genome-wide significance. They are on chromosome

2p for BHR (P¼0.00002),41 chromosome 5q for mite

sensitive asthma (P¼1.3� 10�7),42 chromosome 7q for

total IgE (LOD 3.36),11 chromosome 11q for skin test index

(P¼0.00005)6 and chromosome 14 q for asthma (LOD 4).12

The susceptibility locus for IgE on 7q reported in the

Finnish families has been positionally cloned recently.22 In

addition, three recent reports describe the positional

cloning of asthma genes on chromosome 20p13,19 chro-

mosome 2q1421 and chromosome 13q14.20 We did not

find evidence for linkage on chromosome 7q, 2q and 13q,

respectively, where gene identification has already been

reported. However, we found suggestive evidence for

linkage on chromosome 20p near ADAM33 locus19 for

strict asthma.

Two regions with significant evidence for linkage and

seven regions with suggestive evidence were identified on

our study. Although some of the regions with suggestive

evidence for linkage may harbor asthma susceptibility

genes, some of them may be the result of random

fluctuation and Type I error. Comparison of these results

with published genome scans will provide us with evidence

of replication across the different studies. A summary of
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Figure 1 Continued

Table 3 Summary of the genome scan results from the Genetics of Asthma International Network families

Chromosome Max LOD Score Max LOD Location (cM) Phenotype 1 LOD drop Interval (cM) Flanking markers

1 1.66 263 Atopic asthma 249-qter D1S2850 D1S1609
2 1.82 79 BHR 61–106 D2S1788 D2S1790
3 1.74 140 Atopic asthma 129–158 D3S4523 D3S1763
4 2.62 27 BHR 13–48 D4S2366 D4S2632
4 1.63 128 Strict asthma 109–137 D4S1647 D4S1644
6 1.61 131 BHR 104–157 D6S1021 D6S1007
6 1.75 144 Atopic asthma 104–157 D6S1021 D6S1007

12 1.67 167 Asthma 152-qter D12S2078 D12S392
20 1.67 36 Strict asthma 4–44 D20S103 D20S470
21 1.5 18 Atopic asthma 8–28 D21S1432 D21S1442
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the overlap of our linkage to asthma and related pheno-

types compared to the literature is shown in Table 4. There

is evidence of replication of linkages on chromosome 1q,

2p, 3q, 4q, 12q, 20p and 21, but the linkages on

chromosome 4p and 6q appear to be novel.

The identification of genes for complex diseases is

hampered by genetic heterogeneity, epistatic interactions

and gene–environment interactions. Though the popula-

tion described in this report is from Caucasian subjects,

genetic heterogeneity is a concern since the families are

collected from Europe, the US and Australia. To address this

issue, we conducted an investigation of pair-wise popula-

tion genetic distances between the populations. The results

(not shown) suggested that it was reasonable to separate

the Greek and Norwegian sites from the overall group.

Thus, after our initial screen that pooled all families, we

separated the families into three separate groups: Greece,

Norway and Western European descent and repeated the

linkage analysis. As expected, the linkage results are

consistent with the pooled analysis at the loci reported

here and there was more contribution to the LOD score by

the families from Western European descent, with the

exception of chromosome 12q where the evidence of

linkage is predominantly from the Greek families. So it is

reasonable to conclude that the results reported in this

study are not affected by genetic heterogeneity.

Characterizing heterogeneity in clinical phenotypes and

establishing a standardized scheme to evaluate the pheno-

typic variability is a challenge in studying complex diseases

like asthma. The diverse clinical presentation of asthma

symptoms and severity make it difficult to define the

correct phenotype for genetic analysis. We collected

detailed phenotypic information from these families and

used four major phenotypic definitions, which capture

some of the diverse asthma phenotypes. A comparison of

the linkages to specific phenotypes in the published

literature will be more meaningful than the comparison

of linkage to one general phenotype. By applying this

principle, we identified five loci with evidence of replica-

tion at the phenotypic level (1q, 2p, 3q, 12q and 20p, see

Table 3 for details).

The most significant evidence for linkage in this study is

for the BHR phenotype on chromosome 2 (LOD score

4.58). It is interesting to note that in a genome scan of 97

German families, suggestive evidence of linkage to BHR

was observed on chromosome 2p9,43 at the marker

D2S2298, which is located at B68 cM. The locus for BHR

that we identified on chromosome 2p (61–106 cM) over-

laps with the locus described in the German genome scan.

The evidence of linkage for the strict asthma phenotype

also reached genome-wide significance (LOD 3.98 at

51.5 cM) in our study. A number of genes (B75) are

mapped in the 12.2Mb region. Several of these genes may

have a role in the pathophysiology of asthma. One

interesting candidate among these genes is suppressor of

cytokine signaling 5 (SOCS5). The SOCS family of proteins

is composed of eight members characterized by the

presence of an Src homology 2 domains and a C-terminal

conserved domain called the SOCS box.44 The SOCS

proteins are implicated in the control of the balance

between Th1 and Th2 cells. SOCS3 is predominantly

expressed in Th2 cells and inhibits Th1 differentiation;

conversely, SOCS5 is expressed predominantly in Th1 cells

and inhibits Th2 differentiation.45 A high-density associa-

tion study to identify the asthma susceptibility gene in this

locus is underway.

Evidence of linkage for atopic asthma was previously

reported at chromosome 1q and 3q. Linkage to mite

sensitization (1q) at the marker D1S235 is just outside the
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Figure 2 Linkage refinement analysis of the chromosome 2 BHR
locus. Eighty five single nucleotide polymorphism (SNP) markers were
genotyped in the GAIN collection and the data was analyzed by
multipoint nonparametric linkage methods. LOD scores and informa-
tion content are shown in the vertical axis and the map distance is
shown on the horizontal axis. The list of SNPs genotyped in the region
is provided in the supplementary Table 4.
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Figure 3 Linkage refinement analysis of the chromosome 4 BHR
locus. Thirty-six single nucleotide polymorphism (SNP) markers were
genotyped in the GAIN collection and the data was analyzed by
multipoint nonparametric linkage methods. LOD scores and informa-
tion content are shown in the vertical axis and the map distance is
shown on the horizontal axis. The list of SNPs genotyped in the region
is provided in the supplementary Table 5.
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boundary of our atopic asthma peak.46 Linkage to asthma

was reported on chromosome 3q22 at marker D3S1744

with an MLS score of 2.41 for IgE and 1.29 for asthma.14

The same region (3q21) has also been shown to be linked to

atopic dermatitis with an NPL score of 4.31.47 Along with

asthma and allergic rhinitis, atopic dermatitis is an

important manifestation of atopy and there is tremendous

overlap in these phenotypes.48 In a recent report, signifi-

cant evidence of linkage for mite sensitization was

identified on chromosome 3q21.3 near the marker

D3S3606 (MOD score 4.51).49 It is possible that the 3q

region harbors genes related to allergic sensitization.

Using quantitative scores as phenotypic variables, link-

age to asthma score was found on chromosome 12q near

the marker D12S97.50 The same group also identified

evidence of linkage to asthma affection status near marker

D12S324. The suggestive evidence of linkage to asthma in

our study is in the same region on chromosome 12.

The region on chromosome 20p we report here with a

LOD score of 1.7 for strict asthma, maps near the ADAM33

locus reported for BHR.19 In that study, they found

significant evidence of linkage to BHR (LOD 3.93) and

subsequently identified the susceptibility gene. We used a

strict definition of BHR (PC20r8mg), while our definition

of strict asthma is similar to the definition of BHR in the

ADAM 33 publication, which showed suggestive evidence

of linkage. We defined strict asthma as having a positive

methacholine test at the highest dose (16mg) or a positive

bronchodilator test and two or more clinical symptoms of

asthma. Although there are overlaps in the linkage results,

the role of ADAM33 to explain this linkage is not clear and

further studies are necessary to asses the role of ADAM33 in

our population.

In summary, we undertook a strict ascertainment proto-

col and the phenotype definitions were identical across the

clinical centers. We also evaluated the reliability of asthma

diagnosis across the different centers and demonstrated

that the diagnosis is highly consistent. This collection

spans three continents and represents one of the largest

Caucasian asthma family collections. A single set of

markers with common internal standards was used,

providing high-quality marker data where the allele calls

were consistent. Preliminary analysis of the genome scan

data shows highly significant linkage of asthma to markers

on chromosome 2p. Chromosome 2p contains many genes

that could contribute to susceptibility to asthma. The size

of the region indicates that a high-density association

study using SNP markers is a good strategy to identify the

asthma susceptibility genes from this locus. We conclude

that we have mapped a high-risk asthma locus on

chromosome 2p.
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