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Contribution of functional variation in the /L13 gene to allergy,
hay fever and asthma in the NSHD longitudinal 1946 birth cohort

Background: Genetic variants of the two adjacent genes, /L/3 and /L4 have
frequently been reported as being associated with susceptibility to atopy and
asthma, both in adults and children, and some studies also suggest association
with lung function and chronic obstructive pulmonary disease.

Methods: In this study, we examined for the first time the effect of these variants
in 2918 adults in a longitudinal birth cohort, the British National Survey of
Health and Development, where there are extensive life style, developmental and
environmental data. We examine two /L3 single nucleotide polymorphisms
(SNPs) IL13 1520541 (R110Q) and rs1800925 (-1024C>T) and one /L4 SNP,
rs2070874 (-33C>T) with likely function.

Results: We show that /L1713 rs20541 and rs1800925 are each significantly asso-
ciated with self-reported asthma and allergy, and that this association is not
confounded by any of the known developmental and environmental risk factors
for asthma and atopy, including in particular place of birth. /13 rs20541 does
however act as a confounder for the 7L13 rs1800925 associations, meaning that
there is no statistical support for rs1800925 having an independent effect. There
is nevertheless evidence for interaction between smoking and rs1800925, with
allergy as outcome. None of the SNPs showed association with measures of lung
function, nor any interaction with the effect of smoking on lung function.
Conclusion: In a longitudinal population cohort we have established a role for
polymorphism of /L3 in determining susceptibility to both atopy and asthma.
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Asthma results from the effects of environmental stimuli
in genetically-susceptible individuals (1), with a suggested
overall genetic contribution of around 50-60% (2).
Variations in many different genes have been reported
to confer increased susceptibility, with two of the most
frequently replicated being those encoding the interleu-
kins (IL)-4 and IL-13 (3, 4). Interleukin 4, and also IL-13,
are immunoregulatory cytokines produced by activated T
helper 2 (Th2) cells and both can switch B cells to produce
immunoglobulin E (IgE). The majority of asthma is
associated with atopy, and is characterized by enhanced
T-cell secretion of Th2 cytokines in the airways. In
addition, chronic asthma is characterized by epithelial

damage, increased mucus production and airway remod-
elling (5), IL-4 and IL-13 being key regulators of this
response, with wide ranging effects on epithelial cells,
fibroblasts and smooth muscle. Evidence for a critical role
for IL-13 in asthma also comes from experimental models
of allergic asthma (6-8).

A number of single nucleotide polymorphisms (SNPs)
have been described in the /L/3 and /L4 genes, which
have been shown to be associated with increased total
serum IgE levels, as well as the development of atopy and
asthma, in many but not all studies. Several, but not all of
the SNPs previously studied are probably functionally
significant. For example, the amino-acid substitution
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IL13 R110Q (rs20541) polymorphism for which there is
the best evidence of association with increase in IgE
(9-12) and asthma (13-16), has been suggested by
molecular modelling (14) and experimentally (17) to be
critical to ligand-binding. The /L/3 110Q allele has also
been shown to induce significantly greater IgE switching
than 713 110R in a cellular model (18). This SNP was
therefore selected as our first choice for analysis. We also
elected to study two other candidates rs1800925 (IL13 5
—1024C>T) for which there is evidence of regulatory
function (19), and rs2070874 in the adjacent gene, /1.4
(IL4 5" =33C>T), postulated to be in a cAMP response
element binding transcription factor (CREB)-binding site
(20). As all three SNPs are located within a 20 kb region,
linkage disequilibrium (LD) was measured and haplo-
types constructed.

Most information for the role of these SNPs in asthma
susceptibility so far obtained comes from case—control
studies or families, although association of /L13 and IL4
with IgE levels was reported for the British 1958
longitudinal birth cohort (12) and a recent study exam-
ined the association between /L13 and childhood asthma
in the 1989 Isle of Wight birth cohort (21). Using data
from the nationally representative 1946 British birth
cohort study, we investigated the role of variation at the
IL13/1L4 loci in conferring genetic risk of asthma, allergy
and hay fever.

As some studies report association with chronic
obstructive pulmonary disease (19) and with lung func-
tion in smokers (22), we also considered spirometry
measures as additional outcome variables. Extensive
lifestyle, developmental and environmental data, as well
as health information derived from questionnaires, has
been collected prospectively, so that known nongenetic
risk factors can be considered as potential confounders.

We also investigated the possibility of gene—environ-
ment interactions. Smoking was of particular interest as
IL-13 levels have been shown to be increased in children
whose parents smoke (23) and an interaction between
IL13 rs1800925 and smoking with childhood asthma as
the outcome has been reported (21). In addition, there is
evidence for this same SNP modulating the adverse affect
of smoking on lung function in adults (22). It is known
that lower respiratory tract infections in childhood
predispose to asthma, and it is possible that this risk is
influenced by ILI3 genotype, as production of IL-13
during viral infections may alter the amount of virus-
induced inflammation (24-26). Confounding and inter-
action of the IL.-13 SNPs with each other were also tested.

Methods
Study

The MRC National Survey of Health and Development (NSHD) is
a longitudinal birth cohort study consisting of a socially stratified

sample of all births in England, Scotland and Wales in 1 week in
March 1946. The original sample consisted of 2547 women and 2815
men and there was very little ethnic variation in this cohort, as 1946
was before the 20th century mass immigration into Britain. This
sample was studied at birth and then a further 10 times up to age
15 years, and then 11 more times in adulthood, most recently at
53 years when 3035 cohort members (1472 men, 1563 women)
provided information. The majority (n = 2989) were interviewed
and examined in their own homes by research nurses, with others
completing a postal questionnaire (n = 46). Contact was not
attempted for the 1979 individuals who had previously refused to
take part, were living abroad, were untraced since last contact at
43 years or had already died. The responding sample at the age of
53 is in most respects representative of the national British-born
population of a similar age (27). The data collection at age 53
received ethics committee approval (MREC no 98/2/121), and
informed consent was obtained for each set of questions and
measures.

DNA extraction

Collection of buccal samples and extraction of DNA (n = 2939), as
well as validation of the samples has been described previously (28).

IL-13/IL-4 SNP typing

The three SNPs tested were ILI3 rs20541, ILI13 rs1800925 and
114 1s2070874. Details of the genotyping methods are provided in
the Supporting Information. In each case, genotype was inferred
from observed phenotype (viz. A, GA and G were interpreted as
AA GA and GG). Typings were validated by blind retesting and
typing control samples previously genotyped by other methods.
The c‘call rate’ for rs20541 was over 99%, while those of
rs2070874 and rs1800925 which used a multiplex method were
95%.

Genetic analysis

The program LDMax, which uses the Expectation-Maximization
(EM) algorithm to infer phase was used to measure LD (D’) (29).
Haplotype frequencies, estimated using EM, were obtained
from the software package ARLEQUIN (30). Individual pairwise
IL-13 haplotypes were inferred by the Bayesian method, PHASE
(31D).

Outcome variables

The outcome variables were derived from responses to questions
about asthma, hay fever and allergy asked by the research nurses
at home visits in 1989 and 1999. For each of these conditions, in
1989, cohort members were asked whether they had ever had the
condition, and in 1999 they were asked whether they had had it
in the last 10 years. Any cohort member reporting having the
condition at either visit was considered as a case in these analy-
ses. Forced expiratory volume in 1s (FEV,) and forced vital
capacity (FVC) were measured at these same home visits, using
the Micromedical turbine electronic spirometer (Cardinal Health
UK 232 Ltd, Basingstoke, UK). Two measures were recorded at
each visit and the maximum readings were used in this study. The
following measures were then calculated: the ratio (FEV,/FVC);
the decline in FEV, from age 43 to 53 defined as the difference
between the maximum FEV, values at ages 43 and 53.
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Potential confounders

Birth weight, early growth, lower respiratory tract infection in
childhood, breast feeding, atmospheric pollution from coal burning
in childhood, childhood social class and own adult social class, body
mass index (BMI) and obesity, parental and own smoking habits,
region of birth and gender were identified from the literature as
potential confounding variables (23, 32-34). Birth weight was ex-
tracted by mid-wives and health visitors from records within a few
weeks of delivery and converted into kilograms. Weight and height
were measured at ages 2 and 7 years. Lower respiratory tract
infection, reported by mothers at interviews with health visitors
during childhood, was coded as ever/never had. Mothers reported
breast feeding history when the cohort members were aged 2 years
and this was coded: never; stopped after 4 months; breast fed for
more than 5 months. Atmospheric pollution combined levels of
pollution from coal burning in 1946 and 1948. Childhood social
class was based on the occupation of the father in 1950 when the
cohort member was aged 4 years. Information on cohort members
own current or most recent occupation was obtained from reports
to the research nurses at the home interviews at age 53 years, from
which the Registrar General’s social class categories were derived.
Both social class variables were coded as nonmanual/manual.
Parental and own smoking habits were from reports by cohort
members at the home interviews at age 53 years. Parental smoking
was coded according to whether none, one or both parents had
smoked and own smoking was categorized as ever/never smoked.
At these visits, the nurses also measured height (using a portable
CMS stadiometer, Chasmore Ltd, London, UK) and weight, from
which BMI was calculated (and obesity defined as >30 kg/m?).
Region of birth, originally categorized into 11 regions was collapsed
into four categories: Scotland; northern regions; Wales, Midlands,
Eastern, Southern regions; London and South East, and con-
founding was tested using these categories and for rs20541 also the
original 11 regions.

Statistical methods for epidemiological analysis

The association between each genetic variable and each binary out-
come (asthma, hay fever, allergy) was assessed using chi-squared
tests. The SNPs were analysed as three genotypes and the /L1713 risk
haplotype carrier status as a binary variable. Logistic regression
models were then used to assess the impact of the potential con-
founding variables on the /.13 genetic variables. For each of the three
outcomes, each potential confounder was added separately to the
model including only the genetic variable and the extent of change in
the association between genotype status and outcome was assessed.

Tests for interaction between smoking status and IL13 genotype
status were carried out to assess whether the association between
IL13 and each of the outcomes was significantly different among
‘ever’ smokers compared with ‘never’ smokers. Tests for interaction
between the presence, or not, of lower respiratory tract infections in
childhood and /LI3 were conducted to determine whether the
association between /L/3 and asthma is significantly different
according to respiratory tract infection status.

We then tested the association between each genetic variable and
the outcomes FEV,/FVC, FEV,, and decline in FEV,. Multiple
normal regression models adjusted for gender and height were used
in the analyses for these outcomes. For each of these outcomes, tests
of interaction between smoking status and the genetic variables
were carried out.

Analyses were carried out in spss version 14 (SPSS Inc., Chicago,
IL, USA) and stATA version 10 (StataCorp LP., College Station,
TX, USA). A P-value of <0.05 was considered to be statistically
significant.
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Table 1. Allele and genotype frequencies in the samples analysed and P-value for
deviation from Hardy—Weinberg equilibrium

Location

Marker and type N MAF N for each genotype P-value

IL13 rs20541 Exon 4 2905 0.17 GG 2002 GA 815 AA88 0.90
IL131s1800925 Promoter 2795 0.18 CC 1865 CT834 TT19% 097
/L4 rs2070874  Promoter 2788 0.12 CC 2164 CT 590 TT34 068

MAF, minor allele.

Results
Genotype and allele frequency data

Genotype and allele frequency results are shown in
Table 1. There was no significant deviation from
Hardy—Weinberg equilibrium for any of the three SNPs,
and the genotype frequencies were found to be very
similar in people born in different parts of the UK (data
not shown).

Table 2A shows pairwise D’ values for each of the
markers. All three SNPs are significantly associated with
each other, with a high LD between /L/3 rs20541 and
1113 rs1800925. PHASE was used to infer haplotypes for
the two /L13 SNPs and the results are shown in Table 2B.
The EM algorithm returned similar (but not identical)
haplotype frequencies.

Associations with disease outcomes

Data were available for at least one of the SNPs and one
or more of the disease outcomes for 2742 of those who
donated DNA. Table 3 shows the results of initial cross-
tabulation analyses of /L13 rs20541, IL13 rs1800925, 1.4
rs2070874 and asthma, allergy and hay fever. For both

Table 2. (A) Pairwise linkage disequilibrium (LD, measure [¥) between the SNPs,
IL13 rs20541, JL13 rs1800925 and /L4 rs2070874. (B) Haplotypes for markers
rs20541/rs1800925

(A)

SNP pair N ¥’ Pvalue o
rs20541/rs1800925 2794 706.54 0.00000 0.520
rs20541/rs2070874 2795 18.23 0.00002 0.037
rs1800925/rs2070874 2787 93.19 0.00000 0.240

Values derived using LDMax, which uses the EM algorithm to infer phase.

(B)

Haplotype rs20541/rs1800925 Number PHASE Frequency PHASE Frequency EM

GT 409 0.073 0.079
AT 616 0.110 0.105
GC 4212 0.754 0.749
AC 349 0.062 0.068

Number and frequency of haplotypes inferred by PHASE, numbers (confidence of
more than 0.94) and frequencies derived using the EM algorithm.
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Table 3. Unadjusted associations between outcomes and genotypes for different genetic risk factors

(A) IL13 rs20541

IL13 rs20541 genotypes n/N (%)

Outcome Yes/total (%) GG AA P-value homogeneity P-value trend
Ever asthma 275/2728 (10.1) 166/1895 (8.8) 98/755 (13.0) 11/78 (14.1) 0.002 0.001
Ever hay fever 651/2723 (23.9) 442/1890 (23.4) 185/755 (24.5) 24/78 (30.8) 0.3 0.2
Ever allergy 847/2714 (31.2) 557/1884 (29.6) 264/752 (35.1) 26/78 (33.3) 0.020 0.01
(B) /L13 rs1800925

IL13 rs1800925 genotypes n/N (%)
Outcome Yes/total (%) CC T P-value homogeneity P-value trend
Ever asthma 263/2625 (10.0) 158/1767 (8.9) 98/771 (12.7) 7/87 (8.0) 0.01 0.04
Ever hay fever 629/2621 (24.0) 407/1764 (23.1) 199/770 (25.8) 23/87 (26.4) 0.3 0.1
Ever allergy 821/2611 (31.4) 525/1756 (29.9) 267/769 (34.7) 29/86 (33.7) 0.05 0.02
(C) /L4 rs2070874

IL4 rs2070874 genotypes n/N (%)
Outcome Yes/total (%) cC 1T P-value homogeneity P-value trend
Ever asthma 262/2618 (10.0) 204/2036 (10.0) 56/552 (10.1) 2/30 (6.7) 0.8* 0.9
Ever hay fever 628/2614 (24.0) 487/2033 (24.0) 136/551 (24.7) 5/30 (16.7) 0.6 0.9
Ever allergy 819/2604 (31.5) 624/2026 (30.8) 191/548 (34.9) 4/30 (13.3) 0.02 05

*1 cell (16.7%) have expected count less than 5. The minimum expected count is 3.00.

(D) IL13 AT haplotype carriers vs noncarriers

IL13 AT haplotype carriers vs noncarriers n/N (%)

Outcome Yes/total (%)

Yes/other

Yes/AT carriers P-value homogeneity

261/2612 (10.0)
626/2608 (24.0)
816/2598 (31.4)

Ever asthma
Ever hay fever
Ever allergy

190/2077 (9.2)
480/2073 (23.2)
622/2065 (30.1)

71/535 (13.3) 0.005
146/535 (27.3) 0.05
194/533 (36.4) 0.005

(E) IL-13 risk allele carriers vs noncarriers

IL13 CT, AT and AC haplotype carriers vs noncarriers

(GC homozygotes) n/N (%)

Outcome Yes/total (%)

Yes/other

Yes/GC homozygotes P-value homogeneity

Ever asthma

261/2612 (10.0)
626/2608 (24.0)
816/2598 (31.4)

Ever hay fever
Ever allergy

140/1216 (12.4)
277/1215 (24.6)
386/1122 (34.4)

121/1486 (8.1) <0.001
349/1483 (23.5) 0.52
430/1476 (29.1) 0.004

n, number affected; N, totals for each genotype class.

P-values for test of homogeneity of proportions, and for test of linear trend are shown.

the 7113 SNPs, there is statistically significant association
with asthma. In each case, there is a higher frequency of
the minor allele, rs20541 A and rs1800925 T in the ‘yes’
group as compared with the ‘no’ group (/L/3 rs20541:
0.21 vs 0.17 IL13 1s1800925: 0.21 vs 0.18), which is
consistent with the literature. /L3 rs20541 was also
significantly associated with self-reported allergy but not
with hay fever. For /L4 rs2070874, there was some
evidence of an association with allergy, with the hetero-
zygotes showing highest prevalence. Combination of the
two ILI3 SNPs, to test carrier status for the risk AT

haplotype vs noncarrier status, also shows, as expected, a
significant association with asthma and allergy. There
was weak evidence of an association with hay fever
(P = 0.05, Table 3D). Homozygosity for the /L/3 hap-
lotype GC, which carries neither of the risk alleles,
confers significantly less risk of both asthma and allergy
than being a carrier for one or both (Table 3E).

There was no association between any of the /L13/114
genotypes and measures of respiratory function (FEV,,
FEV,{/FVC in 1999 or decline in FEV; between 1989 and
1999), adjusted for gender and height (data not shown).

© 2009 John Wiley & Sons A/S Allergy 2009



Tests for confounding

No evidence of confounding by nongenetic variables was
observed, with all 7L13 associations with asthma, hay
fever and allergy, remaining unchanged after adjustments
(data not shown).

As IL13 rs20541 is in high LD with rs1800925 (D’ 0.52,
Table 3) the possibility that the two genetic variables are
confounded by each other was also tested. In a model
including both genetic variables, only the association of
1L131rs20541 with asthma remained statistically significant
(P = 0.02). The OR for ILI3 rs1800925 was attenuated
and the association was no longer statistically significant.

Tests for interactions

For allergy, there was some evidence of an interaction
between smoking status and /L1713 rs1800925 (P = 0.03).
Treating /L13 rs1800925 as a continuous variable, in
which a linear relationship is assumed, the association
between this genetic variable increased more steeply
among smokers than nonsmokers. For both asthma and
hay fever, we found no evidence of interaction between
either IL13 rs20541 or ILI3 rs1800925 and smoking
status and for the asthma outcome no evidence of
interaction between either of these 7L/3 SNPs and
childhood chest disease.

There was no evidence of an interaction of smoking
status with 7L13 rs20541, IL13 rs1800925 or /L4, for the
outcomes FEV|/FVC, FEV, at 53, or 10-year decline in
FEV, decline (data not shown).

We also tested for evidence of interactive effect of the
two IL13 SNPs (rs20541 and rs1800925) but no statisti-
cally significant interaction was found with any of the
outcomes; asthma (P = 0.15); hay fever (P = 0.19) and
allergy (P = 0.99).

Conclusions

The data presented in this study provide clear support for
the role of /LI3 polymorphism on risk of asthma and
allergy, and possibly hay fever, reported for the first time
in an adult longitudinal cohort. The small association of
the linked locus 714 rs2070874 with allergy was not
pursued further. None of the published environmental
risk factors that we tested were found to confound the
associations of any of the IL-13 genotypes with the
outcomes asthma, hay fever and allergy.

The outcome measures are self-reported and we
acknowledge that there may be a potential problem of
misclassification of disease outcome. However, 75% of
the respondents who said they had suffered from asthma
had had this diagnosis confirmed by a medical practi-
tioner and/or taken prescribed medication for it. Popu-
lation stratification resulting from differences in ancestry
can cause spurious associations. However, this cohort is

© 2009 John Wiley & Sons A/S Allergy 2009

IL13 and asthma in the 1946 cohort

uniform in ethnicity, since 1946 was before the 20th
century’s mass immigration into Britain. Furthermore,
there were no statistically significant differences in geno-
type frequencies according to region of birth, and region
of birth did not confound any of the associations. The
main strength of our study is that it is the first /L/3/
asthma study for an adult longitudinal cohort, for which
there are other life style and environmental data avail-
able, which means that this and most other potential
confounders can be taken into account.

There was no confounding with environmental vari-
ables, but SNP IL73 rs20541 reduced the association of
IL13 rs1800925 with both asthma and allergy in models
including both SNPs together. In such models, rs1800925
was no longer statistically significant and had no
independent effect on the outcome. There was no
significant association of this or the other SNPs on any
of the spirometry measures, either in smokers or non-
smokers. There is little evidence of interaction, though for
rs1800925, there was some evidence of an interaction with
smoking for the outcome allergy. A greater increase in
risk of allergy was observed for the T allele carriers
among the smokers compared with the nonsmokers. As
rs1800925 is located in a promoter of the gene, it is
plausible that this is a real biological effect involving
cigarette smoke upregulating one allele (T) more effec-
tively than its counterpart. It should be possible for this
to be tested experimentally. The effect is not seen for
rs20541 suggesting that it is specific to this locus.
Interestingly, in another study, the T allele of same
SNP (rs1800925), has been shown to interact with the
effect of smoking on FEV; as an outcome (22). However,
quite the opposite effect was observed with maternal
smoking and childhood asthma, the CC homozygotes
showing greater risk of childhood asthma from maternal
smoking (in pregnancy) than other genotypes (21).

In summary, our evidence suggests that the main effect
of genetic variation in the /L3 locus on asthma is via the
R to Q substitution caused by the G to A transition
(rs20541) (OR for asthma 1.6, CI 1.2, 2.0, for a person
with one or more A alleles). Individuals homozygous for
the ‘nonrisk’ alleles at both ILI3 loci, namely the GC
haplotype homozygotes (Table 3E) appear to be most
protected from asthma and allergy. There is a hint of an
effect on allergy susceptibility caused by rs1800925, which
is detectable in smokers only. This study illustrates the
complexity of analysing genomic regions in which there is
a high level of allelic association, even where there is
incomplete LD. As well as overlapping effects of the
genetic variants (both of which are known to affect
function) the outcomes consist of partially overlapping
groups of individuals. For example, the allergy outcome
is likely to include people with skin allergies but no
respiratory symptoms. The majority of each group is
likely to have raised IgE, characteristic of atopy, although
some asthmatics are not atopic. It has been shown that
1L13 1320541 A and rs1800925 carriers have, on average
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higher IgE levels, although the genetic variation accounts
for a rather small proportion of the variance (12), which
is also undoubtedly affected by other genes and many
nongenetic factors such as smoking (35). IL-13 also acts
at other levels, being associated for example with
increased mucus production (36, 37), which is a symptom
of asthma. There thus may be slight differences in the
effect of the different alleles on these disease related
changes.
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Supplemental information on SNP methods

For Black et al: Contribution of functional variation in the 1L13 gene to allergy, hay
fever and asthma in the NSHD longitudinal 1946 birth cohort

PCRs were conducted in 96 well plate format using approximately 20ng of buccal
DNA in 10ul reactions.

IL13 rs20541 was typed using a tetra primer PCR method (Ye et al., 2001;Ye et al.,
1992). This involved four oligonucleotide primers, the outer upper primer (5’-GGG
ACT TCC GTG AGG ACT GAA T-3%) and outer lower (5’-GCA CAG GCT GAG
GTC TAA GCT AAG G-3’) at 2 pmoles/ul; and the inner upper (5’- TAA AGA AAC
TTT TTC GCG AGG GTC G-3’) and inner lower (5’- ATGCTT TCG AAG TTT
CAG TTG AGC T-3) at 10 pmoles/ul. The PCR reaction was carried out using
Thermostart Taq polymerase, (Abgene), denaturation at 94°C for 15 mins followed
by 35 PCR cycle of 30 secs denaturation, 30 secs annealing at 60°C, 30 secs
extension at 72°C and 10 min final extension at 72°C. The control band (outer
upper to outer lower primer) gives a product of 365 bp; the inner lower (A allele)-
outer upper primer a product of 230 bp; the inner upper (G allele) -outer lower primer
a product of 184 bp.

IL13 rs1800925 and IL4 rs2070874 were incorporated into a 10ul multiplex (6 SNPs)
PCR and primer extension, which used the SNaPshot procedure (ABI). The PCR
contained 12 oligonucleotide primers, with concentrations adjusted to achieve equal
amplification and 1 pul of Buffer IV (ABgene), 200 uM dNTPs and 0.05 ul of Taq
polymerase (0.25 units, ABgene) with 95 °C initial denaturation for 5 min followed
by 30/31 cycles of 30 sec denaturation at 95 °C, 30 sec at 61 °C and extension at 72
°C and a final 5 min extension at 72 °C. Excess primers and dNTPs from the
multiplex PCR reactions were removed using 1.33 units of shrimp Alkaline
Phosphatase and 0.8 units Exonuclease | added to 4 ul of PCR product at 37 °C for 60
min, then 75 °C for 15 min and cooled to 4 °C. For each sample, 1.67 ul of SNaPshot



Multiplex Ready Reaction Mix (Applied Biosystems) and 0.66 pl of primer mix
containing six primers, of which, 0.2 uM of PE IL13 rs1800925 primer
O'TTTTTTTTGCCTTTTCCTGCTCTTCCCTC 3') and 2.4 uM of PE 1L4 rs2070874
primer (5'GATATGCAGTGAGAATGTGAG 3'), was added as a master mix to 1 ul

of purified PCR product. The samples were incubated for 25 cycles at 96 °C for 10
sec, then 50 °C for 5 sec, then 60 °C for 30 sec and then cooled to 4°C. Post-
extension treatment was performed by adding 1 pl of a master mix consisting of 0.33
pl of calf intestinal phosphatase (CIP) (1 unit/ul), 0.43 pl of 10X CIP buffer and 0.23
pl of dH,0 to each sample with 37 °C incubation for 60 min, followed by 75 °C for
15 min and a 4 °C hold.

2 ul of each sample was mixed with 10 ul of Hi-Di formamide and 0.25 pl of
Genescan L1Z 120 size standard. The denatured and snap cooled samples were then
run on an ABI PRISM 3730XL Genetic Analyser (ABI) using the built-in run module
for SNaPshot products. Genemapper version 4.0 (ABI) was used to analyse the data
generated from the run. Bins for each marker were assigned. All traces were inspected

by eye and typings checked.



