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Trachoma, an infectious disease of the conjunctiva caused by Chlamydia trachomatis, causes scarring and
blindness in some infected individuals but not others. In an African community where trachoma is endemic,
we have previously identified an IL10 haplotype that is associated with increased risk of scarring compli-
cations. Here we examine the hypothesis that the risk haplotype (H-RISK) affects levels of IL10 expression
in the conjunctiva during active trachoma infection. To overcome potential genetic and environmental con-
founders we used the method of allele-specific quantification, which involved identifying subjects in the com-
munity who had active trachoma and were also heterozygous for the H-RISK. We find that there is allelic
variation in cis-regulation of IL10 in the conjunctiva during active trachoma, with the H-RISK generating rela-
tively more IL10 transcripts than other haplotypes in this population (average difference in IL10 allelic tran-
scripts in the conjunctiva of heterozygous individuals infected with C. trachomatis of 23% (95% confidence
interval: 14–32%, P < 0.0001). These findings provide a plausible functional explanation for the observed
genetic association, and support the hypothesis that an excessive IL10 response to C. trachomatis infection
is a risk factor for scarring and blindness.

INTRODUCTION

Trachoma is an infectious disease of the conjunctiva caused by
Chlamydia trachomatis, and an important cause of blindness,
particularly in developing countries. The World Health Organ-
ization (WHO) estimates that 100 million people are affected
by trachoma and seven million are blind or visually impaired
as a result (1,2). Blindness and visual impairment result from
fibrosis and scarring due to the repair of tissue damaged by
chlamydia-induced inflammation. It is not understood why
this inflammatory process develops in some infected individ-
uals and not others.

C. trachomatis is also the commonest bacterial sexually
transmitted infection (3). In some but not all infected
women (�10–30%) it progresses to pelvic inflammatory dis-
ease, infertility or ectopic pregnancy if untreated. For both

ocular and genital C. trachomatis infection, the factors
involved in exacerbated inflammatory disease and pathologi-
cal scarring are not well understood.

In trachoma, C. trachomatis infection and scarring occur in
the conjunctiva, which is readily accessible to examination
and investigation. After the initial infection, the disease may
resolve or progress through active trachomatous inflammation
to a chronic inflammatory process that leads to scarring after
repeated or persistent episodes of infection (4). Severe scar-
ring causes the lashes to turn inwards and abrade the cornea
(trichiasis), which leads eventually to blindness (2). Even in
highly trachoma endemic communities only a minority of
individuals develop severe scarring and trichiasis.

By means of case-control studies, we have identified a
number of genetic polymorphisms associated with increased
risk of scarring sequelae (5–10). One such association is
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with a particular haplotype of IL10 (here referred to as the risk
haplotype – H-RISK), which we have shown to be associated
with increased risk of scarring trachoma in Gambian subjects
(5). In clinical studies, conjunctival expression of IL10 is elev-
ated during active trachomatous inflammation (11,12). The
goal of this study was to test the hypothesis that the H-RISK
acts to increase conjunctival IL10 expression during chlamy-
dial infection. We have used allele-specific transcript quantifi-
cation (ASTQ) (13–15) to investigate the effects of the IL10
H-RISK on IL10 expression in a specific clinical context,
i.e. at the site of infection, in the conjunctival epithelium of
subjects with active trachoma.

RESULTS

Table 1 and Figure 1 specify the single nucleotide polymorph-
isms (SNPs) that define the risk haplotype (H-RISK:
IL10-3575A/IL10-1082C/IL10-592G/IL10þ5009G), which in
a previous Gambian case-control study was associated with
increased risk of trichiasis and scarring trachoma (5).

The starting point of this study was to identify a genetic
marker which could be used to distinguish IL10 transcripts

arising from H-RISK or from other haplotypes. We sequenced
transcribed regions of the IL10 gene in 13 Gambian individ-
uals, in whom 10 out of 26 chromosomes carried H-RISK.
We identified an SNP in the 30-untranslated region (30-UTR)
of the IL10 transcript sequence (rs3024496) which was
strongly associated with the H-RISK in the sequenced individ-
uals (Fig. 2). If the major allele of rs3024496 is denoted as
transcript allele 1 (TA1) and the minor allele TA2, then
three out of three homozygotes for the H-RISK were homozy-
gous for TA2; while five out of six individuals without the
H-RISK were homozygous for TA1. In contrast, among 15
chromosomes with common haplotypes other than H-RISK,
only four carried the TA2 allele.

The above findings indicated that the TA2 allele could serve
as a genetic marker of IL10 transcripts that arise from the
H-RISK. To further assess this relationship, we typed SNP
rs3024496 in the Gambian case-control study that has pre-
viously been described (5), comprising 651 individuals with
scarring trachoma or trichiasis, plus a similar number of con-
trols matched by age, sex and ethnicity (5). As shown in
Table 2, the risk of long-term complications of trachoma
increased with copy number of the TA2 allele, both for

Table 1. Summary of genotyped haplotype tagging SNPs in the 10 kb genomic region across the IL10 gene

SNP dbSNP referencea Chromosomal coordinateb Positionc Alleles MAJOR (minor) Frequencyd %

1 rs1800890 203337760 23575 T (a) 18
2 rs1800896 203335292 21082 T (c) 34
3 rs1800872 203334802 2592 T (g) 49
4 rs3024500 203329226 5009 A (g) 32

aAs described in http://www.ncbi.nlm.nih.gov/projects/snp.
bCoordinate in chromosome 1 as described in Ensemble release v36. Dec 2005.
cSNPs designated according to the nucleotide position relative to the transcriptional starting site.
dFrequency of the minor allele in The Gambian population.

Figure 1. Haplotype structure at the IL10 locus in the Gambian population. Haplotype frequencies in the general population are shown for each haplotype.
Designation of SNPs refers to those from Supplementary Material, Table S1. TA refers to the rs3024496 SNP present in the transcript. H-RISK
(IL10-3575A/IL10-1082C/IL10-592G/IL10þ5009G) containing four haplotype-tagging SNPs significantly associated with trachomatous scarring and trichiasis
(risk haplotype).
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scarring trachoma (odds ratio (OR) for trend ¼ 1.45,
95%CI ¼ 1.25–1.68, P for trend ,0.001) and for the more
severe trichiasis phenotype (OR for trend ¼ 1.67,
95%CI ¼ 1.27–2.19, P for trend , 0.001). This is very similar
to the results obtained when the H-RISK was analysed on the
same samples (Table 2).

Our starting hypothesis was that high levels of conjunctival
IL-10 production contribute to chronic complications of ocular
C. trachomatis infection. Having established that an IL10
haplotype which is a risk factor for scarring trachoma and tri-
chiasis produces transcripts marked by the TA2 allele, our
hypothesis can be tested in the following way: in the conjunc-
tiva of Chlamydia-infected individuals (drawn from the same
population in which the genetic observation was made), are
IL10 transcripts bearing the TA2 allele expressed in greater
abundance than those bearing the TA1 allele?

To address this question we identified 50 Gambian subjects
with active trachoma. From each subject we obtained a sample
of genomic DNA (gDNA) as well as a conjunctival swab from
which we extracted RNA which we used to prepare cDNA. By
genotyping the rs3024496 polymorphism in the gDNA sample
we established that 23 of the 50 subjects were heterozygous,
i.e. they had the capacity to make both the TA1 allele and
the TA2 allele. In these 23 heterozygotes we used primer-
extension/mass-spectrometry on cDNA to determine the
TA1 : TA2 transcript ratio (i.e. the abundance of TA1 versus
TA2 transcripts) in the conjunctival sample. To correct for
any technical bias in allele calling, we used the same

method to determine the relative peak heights for TA1 and
TA2 in gDNA from the same individual, and we used this
information to normalize the TA1 : TA2 transcript ratio (a
normalized TA1 : TA2 ratio of 1 implies that TA1 and TA2
are made in equal amounts).

Using the ASTQ method, we found that conjunctival IL10
transcripts bearing the TA2 allele were expressed in greater
abundance than those bearing the TA1 allele. One way of
presenting the statistical significance of this observation is to
consider the mass-spectrometry data prior to normalization:
the TA2 : TA1 ratio was higher for cDNA than for gDNA in
20 of the 23 heterozygous individuals tested (P , 0.0001
Mann–Whitney U test, Fig. 3, Table 3). A more precise
way of estimating the size of effect is to consider the mass-
spectrometry data for cDNA after normalization using
gDNA signal from the same individual: using this approach
we estimate that the average ratio of TA2 : TA1 transcripts
in the conjunctiva of heterozygous individuals infected with
C. trachomatis is 1.23 (95% confidence interval (CI) 1.14–
1.32; Fig. 3, Table 3).

DISCUSSION

We have described a relative increase in IL10 transcripts in the
actively inflamed conjunctiva derived from the H-RISK allele
in Gambian subjects with active trachoma. Our findings
provide preliminary evidence that genetic factors affecting

Figure 2. Comparison of five SNP sites across the IL10 transcript in the panel of 13 sequenced Gambian individuals. Homozygotes for the common allele are
shaded light-grey, minor allele black and heterozygotes dark-grey. White indicates low quality read at this particular site. The clinical status (case-# refers to the
trichiasis phenotype and control-# to subjects with healthy eyes) and number of copies of the H-RISK for each individual is reported. The rs3024496 minor allele
refers to the IL10 risk variant TA. Note: ahttp://www.ncbi.nlm.nih.gov/projects/SNP/, bcoordinate in chromosome 1 as described in Ensembl release v36. Dec
2005.

Table 2. Proportions of cases and controls with different TA (rs3024496) SNP-genotypes and with different number of copies of the risk haplotype (H-RISK). The
magnitude of associations is estimated as odds ratios and 95% confidence intervals (OR, 95%CI)

Scarring phenotype Trichiasis phenotype
No. of genotype (%) CLRa No. of genotype (%) CLRa

Cases Controls OR (95%CI) P-value Cases Controls OR (95%CI) P-value

Genotype
TA1/TA1 258 (39.6) 294 (44.2) Reference – 116 (37.8) 144 (45.6) Reference –
TA1/TA2 293 (45.0) 266 (40.0) 1.51 (1.22, 1.87) ,0.001 139 (45.3) 120 (38.0) 1.81 (1.22, 2.69) 0.003
TA2/TA2 89 (13.7) 70 (10.5) 2.02 (1.47, 2.78) ,0.001 44 (14.3) 26 (8.2) 2.57 (1.41, 4.69) 0.002
No. of copies H-RISK
0 425 (65.4) 457 (68.8) Reference – 189 (60.8) 227 (70.9) Reference –
1 200 (30.8) 191 (28.8) 1.19 (0.93, 1.53) 0.158 110 (35.4) 87 (27.2) 1.72 (1.19, 2.49) 0.004
2 25 (3.8) 16 (2.4) 2.16 (1.07, 4.36) 0.032 12 (3.9) 6 (1.9) 2.63 (0.90, 7.70) 0.076

aRisk estimates from conditional logistic regression (CLR) analysis of matched case-control pairs for the TA SNP and the H-RISK in the Scarring and
Trichiasis phenotypes.
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the risk of tissue damage following ocular C. trachomatis
infection in humans are linked to allelic differences in IL10
gene expression demonstrable at the site of infection and
inflammation. The analysis suggests that the minor allele of
rs3024496 (TA2) is a marker for the IL10 transcript derived
from the H-RISK; and that it therefore serves as a convenient

genetic marker to investigate allelic variation in the cis-
regulation of IL10 expression within heterozygous individuals.
We show that in heterozygotes with active trachoma the ratio
of TA2 : TA1 is increased in transcripts sampled in the con-
junctiva relative to genomic DNA. This is the first time that
allelic variation in the expression of a gene conferring suscep-

Figure 3. Allele-specific expression of SNP rs3024496 in conjunctival RNA of 23 heterozygous individuals with active trachomatous inflammation. Primer-
extension/mass-spectrometry was used to determine the relative abundance of the major (TA1) and minor (TA2) allele, expressed here as the TA2 : TA1
ratio, in gDNA (purple squares) and cDNA (blue triangles). Data shown are the mean and standard error of four independent PCR amplification reactions
for cDNA (six for gDNA) assayed in duplicate by mass-spectrometry. The TA2 : TA1 ratio was higher for cDNA than for gDNA in 20 of the 23 heterozygous
individuals tested (P , 0.0001 by Mann–Whitney U test).

Table 3. Each individual’s allele specific RT–PCR analysis for the rs3024496 marker. TA2 : TA1 cDNA and genomic DNA ratios are expressed as mean ratio and
the standard error of the mean of the TA2 allele over the TA1 allele. Mann–Whitney and t-test statistics show whether there is significant differences between
cDNA and gDNA allele ratios

Subject id cDNA TA2 : TA1
ratio (mean)

SE gDNA TA2 : TA1
ratio (mean)

SE cDNA : gDNA
ratio

Mann–Whitney
P-value

t-test
P-value

TF1 1.2564 0.110 1.1814 0.043 1.0635 0.3809 0.2795
TF2 1.5098 0.078 1.0749 0.028 1.4046 0.0047 0.0001
TF3 1.5690 0.132 1.1207 0.016 1.4000 0.5429 0.3707
TF4 0.9380 0.092 1.0957 0.030 0.8561 0.1286 0.9551
TF5 1.4000 0.124 1.1810 0.043 1.1854 0.0333 0.0427
TF6 1.1653 0.057 1.0880 0.035 1.0710 0.1286 0.1265
TF7 1.5498 0.403 1.1760 0.048 1.3179 0.3242 0.1216
TF8 1.1618 0.047 1.0757 0.053 1.0800 0.1762 0.1445
TF9 1.2500 0.032 1.0879 0.024 1.1490 0.0051 0.0009
TF10 1.1082 0.090 1.0787 0.034 1.0273 0.4524 0.3564
TF11 1.8058 0.086 1.0398 0.017 1.7367 0.0048 ,0.0001
TF12 1.4560 0.135 1.1290 0.033 1.2896 0.0095 0.0105
TF13 1.2882 0.193 1.1599 0.076 1.1106 0.3048 0.2477
TF14 1.6743 0.147 1.0835 0.045 1.5453 0.0013 0.0007
TF15 1.4164 0.057 1.1010 0.033 1.2865 0.0048 0.0004
TF16 1.2129 0.117 1.0359 0.018 1.1709 0.1762 0.0505
TF17 1.3638 0.176 1.1050 0.048 1.2342 0.0857 0.0627
TF18 1.5409 0.220 1.0693 0.059 1.4410 0.0480 0.0129
TF19 1.6672 0.082 1.1144 0.028 1.4961 0.0048 ,0.0001
TF20 1.5400 0.114 1.2079 0.030 1.2749 0.0086 0.0071
TF21 1.2105 0.086 1.2429 0.098 0.9739 0.5000 0.5867
TF22 1.0100 0.133 1.0961 0.081 0.9214 0.4520 0.7121
TF23 1.2832 0.069 0.9997 0.037 1.2836 0.0022 0.0072
ALL 1.3642 0.046 1.1106 0.012 1.2313 <0.0001 <0.0001
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tibility to an infectious disease has been demonstrated at the
site of infection in humans.

Because the risk allele is associated with enhanced IL10
transcription, this study supports the hypothesis that high
levels of conjunctival IL10 expression in the active inflamma-
tory stage of disease are deleterious for the disease process.
There are several other lines of evidence which support dele-
terious effects of high IL-10 production on clearance of chla-
mydial infection, on protection from reinfection and on the
subsequent development of scarring disease.

In human genital infection with C.trachomatis, an IL10 hap-
lotype correlating with low genital tract IL-10 production has
been associated with decreased risk of recurrent infection (16).
In a longitudinal study of genital chlamydial infection, in vitro
IL-10 production by peripheral blood mononuclear cells
(PBMCs) stimulated with recombinant chlamydial antigen
was the greatest single risk factor for recurrent infection
(17). A recent study of Finnish women with tubal factor infer-
tility (TFI) evaluated IL10-1082 genotypes previously linked
to an increased risk of TFI (18). PBMCs from subjects
with the IL10-1082 CC genotype had increased IL-10
production, but also reduced interferon–gamma and lympho-
cyte proliferative responses to chlamydial antigen (19). The
IL10-1082 C allele is present in the trachoma H-RISK
described here.

In experimental murine models of chlamydial infection,
high IL-10 production delays clearance of the pathogen (20)
and IL10 knockout mice clear infection faster than genetically
intact controls (21–23). Thus prematurely produced or excess
IL-10 may exert immunoregulatory effects that handicap the
development of a protective CD4þIFNg response to chlamy-
dial infection (24). This parallels recent findings in leishma-
niasis and tuberculosis suggesting that susceptibility to the
intracellular pathogens L.major and M.tuberculosis is
mediated by overproduction of IL-10 (22,25). We have
found that the conjunctival expression of IL10 and IFNg are
well correlated during ocular chlamydial infection and the
active phases of clinical disease (11), in keeping with induc-
tion of an IL-10 immunoregulatory response which may
directly and indirectly contribute to fibrogenesis.

IL-10 contributes to the pathogenesis of fibrotic responses
in numerous models of disease; for example in models of sili-
cosis IL-10 has fibrogenic effects in the lungs of mice and
IL10 gene knockout mice are more resistant to the develop-
ment of fibrosis (21,26). These and other studies have
suggested that, in addition to its anti-inflammatory properties,
IL-10 may have an important role in local matrix remodeling
during healing and repair of inflammation-induced injury (27).
These data support the hypothesis that the fibrotic phenotype
of trachoma could be mediated, at least in part, by IL-10 over-
expression.

There is evidence to suggest that variation at the IL10 locus
may be in part responsible for the differences in gene
expression observed between diseased and healthy individuals
in an increasing number of diseases (including systemic lupus,
asthma and meningococcal disease) (18,28–33). However,
identification of regulatory polymorphisms that correlate
with these differences has been unsuccessful to date.
There are difficulties in characterizing the relationship
between disease susceptibility and genetic variability in gene

regulation. Allelic variation in gene regulation is thought to
be highly specific for tissue and for biological context (34),
so findings from experimental animal models or isolated
tissue-specific cell lines such as PBMCs from healthy individ-
uals may be an unreliable indicator of what happens at the site
of disease in living human subjects. Our findings demonstrate
the potential for ASTQ to serve as a powerful tool linking
genetic epidemiology to functional analysis of gene
expression.

It remains to be determined whether the TA 30-UTR SNP is
directly responsible for the functional effects detected in this
work, or simply a marker for an unknown functional variant,
but we can be sure that the functional effect is cis-regulatory
because it was identified by direct comparison of the TA1
and TA2 alleles in heterozygous individuals. Very similar
risk effects on disease were observed for this marker and the
previously genotyped haplotype tagging SNPs located in the
distal promoter and 50-UTR of the IL10 gene (5). The presence
of these risk alleles in the H-RISK, and the closeness of the
single-marker and haplotype risk effects, suggest that further
fine mapping efforts in IL10 and the neighbouring
functionally-related genes is likely to identify the causal
SNP(s).

We have used ASTQ to focus on cis-regulatory effects at
the site of infection to test the hypothesis that the trachoma
IL10 H-RISK acts to increase conjunctival IL10 expression
during chlamydial infection. By comparing transcript levels
in heterozygotes, rather than measuring differences in gene
expression or IL-10 levels between individuals, we have
avoided confounding by environmental factors, one can be
confident that differences in transcription are due to the
H-RISK itself. By testing cis-regulatory mechanisms in the
conjunctival epithelium of subjects in trachoma endemic
populations, we have been able to relate the IL10 H-RISK cis-
regulatory effects to risk of severe clinical outcome.

MATERIALS AND METHODS

Subjects for sequencing

DNA from six subjects with trichiasis and seven controls
with normal eyelids from the association study was screened
for variants in the transcribed region of IL10 to determine
if the haplotype could be ‘tagged’ by variants on the
transcript.

Sequencing

Amplification of IL10 exons was carried out using M13-tailed
oligonucleotides and the Expand High Fidelity PCR system
(Roche) following the manufacturer’s recommendations
(Supplementary Material, Table S1 for forward and reverse
primers). Each of the amplified products was sequenced
using the ABI BigDye Primer v3.0 Cycle Sequencing Ready
Reaction kit and an ABI PRISMw 3700 DNA Analyser
(Applied Biosystems, Warrington, UK) following the
manufacturer recommendations. PolyPhred (http://droog.gs.
washington.edu/PolyPhred.html) was used for sequence
assembly and analysis.
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SNP genotyping

The SNP rs3024496 identified on the IL10 transcript was
genotyped in the subjects from the case-control association
study previously described (9). Homogenous MassEXTENDw

Assay (Sequenomw, Hamburg, Germany) matrix-assisted
laser-desorption/ionization time-of-flight mass spectrometry
(hME-MS) was used as previously described (5). The SNP
was typed with respect to the positive chromosome strand.
The first-round PCR product was generated using the hME-
tailed oligonucleotides:

Forward: 50-ACGTTGGATGTCGTTCACAGAGAAGCTC
AG-30,
Reverse: 50-ACGTTGGATGCCCCTTGAGAAACCTTAT
TG-30.

The extension reaction used an ACG tri-terminator mix and
the oligonucleotide 50-TGAGAAACCTTATTGTACCTCT
CT-30. The major and minor alleles of rs3024496 are referred
to as TA1 and TA2, respectively.

Statistical analysis of association study

Stepwise conditional logistic regression (CLR) analysis was
used to evaluate the effects of the H-RISK and the SNP TA
on the risk of scarring in the association study, and assess
the dependence between them. All analyses were performed
using STATA software (v8.0, http://www.stata.com).

Subjects with active trachoma selected
for allele-specific PCR

Fifty new cases of active trachomatous inflammation were
recruited from the same trachoma-endemic communities as
those of the association for studies of conjunctival IL10
expression. Fifty percent of the subjects were female and the
mean age was 11 years-old (ranging from 2 to 13 years-old).
Most subjects belonged to two common ethnic groups in the
Gambia: Manjago and Mandinka.

For each subject an eye swab, and a buccal-brush were col-
lected for RNA and DNA extraction, respectively [eye swabs
were collected in ‘RNA later’ reagent (Ambion) and stored at
2708C prior to processing]. Following genotyping 23 subjects
determined to be heterozygous for the risk allele were selected
for further investigation and ASTQ.

Allele-specific RT–PCR by hME-MS

Total RNA was isolated from conjunctival swabs using the
RNAeasy Micro kit (Qiagen Ltd, Crawley, UK) as described
previously (12). The quantity and quality of total RNA was
assessed using the Agilent Bioanalyser 2100 (Agilent) prior
to further processing to exclude from the analysis samples
regarded as degraded/low quality. Each sample was converted
to cDNA using 220 ng of total RNA and SuperScript II RT
(Invitrogen Ltd, Paisley, UK) with random primers.
A further 120 ng of total RNA were processed without RT
present as negative controls to check for genomic DNA con-
tamination. Briefly, total RNA was mixed with 200 ng of
random primers (3 mg/ml) and 10 mM dNTPs each to a total

volume of 12 ml. The RNA/primer mix was denatured at
658C for 5 min and cooled on ice followed by addition of
4 ml 5� first-strand buffer, 2 ml of 0.1M DTT, 40U of RNase-
OUT (Invitrogen Ltd) with or without 200U of SuperSript II
RT enzyme. The mixture was incubated at 258C for 10 min
and 428C for 50 min. A final inactivation step was carried
out at 708C for 15 min. Two units of E.coli RNase H were
added and incubated at 378C for 20 min to remove RNA
complementary to the cDNA. After completion of the
first-strand synthesis, single-strand complementary DNA
(scDNA) was purified using the Qiaquick PCR purification
kit (Qiagen Ltd) and eluted with 50 ml of water. The volume
of the samples was adjusted to 15 ml by vacuum drying (RT
negative control volumes were vacuum reduced to 8 ml to
compensate for the starting amount of total RNA). The
allele expression ratio (AER) of SNP rs3024496 was measured
using the standard hME-MS method as described above for
genotyping, except that for each scDNA sample, 4�10 ml
first-round reactions were prepared and two extension reac-
tions were run from each first-round reaction. This gave
eight genotype results per scDNA sample. Similarly, 12 tech-
nical replicates for the respective genomic DNA were run in
parallel on the same hME chip. The relative abundance of
allele-specific scDNA can be calculated using the Sequenomw

Typer v 3.1 software using the area below each specific-allele
peak. Using this information, AER at rs3024496 was inferred
for scDNA and gDNA in each sample. The gDNA sample
ratio also identifies any allele-ratio skew inherent to the SNP
being typed; this ratio was then used to adjust the scDNA
ratios. Means and standard errors were calculated for each
of the four first-round reactions from the allele ratios of
respective four extension reactions. These were combined to
form a grand mean and standard error for the given sample.

Analysis of transcript data

Analysis was performed using the STATA v8 package. Data
were summarized as mean with standard errors, geometric
means with 95% CIs or medians with an interquantile range
dependent on the distribution of the data. Student’s paired
t-test was used to test for significance of differences in mean
ratios between mRNA and gDNA samples when data was nor-
mally distributed. The Mann–Whitney test was used to test for
significance in difference in mean ratios when the data did not
fit a normal distribution.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at HMG Online.
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