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Abstract
Congenital diaphragmatic hernia (CDH) is a common birth defect for which few causative genes
have been identified. Several candidate regions containing genes necessary for normal diaphragm
development have been identified, including a 4–5 Mb deleted region at chromosome 1q41–1q42
from which the causative gene(s) has/have not been cloned. We selected the HLX gene from this
interval as a candidate gene for CDH, as the Hlx homozygous null mouse has been reported to have
diaphragmatic defects and the gene was described as being expressed in the murine diaphragm. We
re-sequenced HLX in 119 CDH patients and identified four novel single nucleotide substitutions that
predict amino acid changes: p.S12F, p.S18L, p.D173Y and p.A235V. These sequence alterations
were all present in patients with isolated CDH, although patients with both isolated CDH and CDH
with additional anomalies were studied. The single-nucleotide substitutions were absent in more than
186 control chromosomes. In-situ hybridization studies confirmed expression of Hlx in the
developing murine diaphragm at the site of the junction of the diaphragm and the liver. Although
functional studies to determine if these novel sequence variants altered the inductive activity of
Hlx on the α-smooth muscle actin and SM22α promoters showed no significant differences between
the variants and wild-type Hlx, sequence variants in HLX may still be relevant in the pathogenesis
of CDH in combination with additional genetic and environmental factors.
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Congenital diaphragmatic hernia (CDH) is a common birth defect with an estimated prevalence
of 1 in 2500 live births (1). The prenatal and neonatal mortality for CDH is high and there is
significant long-term morbidity in survivors (2). There is substantial evidence implicating
genetic factors in the pathogenesis of CDH(3–6), but there are few data on the causative genes
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to date. In humans, only one mutation and two sequence variants of unknown significance have
been demonstrated in the FOG2 gene in isolated CDH (7,8). In patients with CDH and
additional anomalies due to a recognizable genetic syndrome, mutations have been reported
in several genes (9–11), but the total number of causative mutations remains small.

Gene identification in isolated CDH has been challenging because the majority of cases are
sporadic. Array comparative genomic hybridization (array CGH) has been used to identify and
delineate chromosome deletions in patients with CDH and multiple additional anomalies
(12–14). These deleted chromosome regions have been assumed to contain gene(s) necessary
for normal diaphragm formation, and candidate genes for diaphragm development from these
regions have been selected for sequencing in isolated CDH patients (15). We have previously
used array CGH and microsatellite markers to map a de novo, interstitial deletion of
chromosome 1q41–1q42 that was an estimated 10–12 Mb in size in a male with CDH who had
a karyotype of 46,XY, del(1)(q32.3q42.2) (15). Several other patients with CDH and deletions
of 1q41–1q42 have subsequently been reported and the deleted interval associated with CDH
has been narrowed (13,16). Shaffer et al. (2007) (16) examined seven cases with de novo
deletions of chromosome 1q41–1q42, including the patient reported by Kantarci et al. [2006]
(13) and a patient with CDH, pulmonary hypoplasia, cerebellar hypoplasia and dysmorphic
features previously described by Van Hove et al. (1995) (17). The minimum region of deletion
overlap in those two patients was between UCSC 217,981,476 and 222,703,737 (version hg18
of the UCSC genome browser), from the proximal break point described in Kantarci’s patient
(13), to the distal break point described in Van Hove’s patient (16). This region contains at
least 20 known genes, including HLX, and numerous putative transcripts (UCSC Genome
Browser).

We searched for candidate genes for CDH at this 1q41–1q42 region, basing our selection on
gene expression and on the phenotype of animal models with loss of gene function when
known. We chose the HLX gene because of reported gene expression in the murine diaphragm,
together with a murine animal model of loss of function for this gene in which the mutant mice
had diaphragmatic defects (18,19). We re-sequenced the HLX gene in 23 patients with isolated
CDH, and as we found one novel nucleotide alteration that was not present in controls,
continued to re-sequence HLX in a further 96 patients with CDH that had either isolated CDH
or CDH with additional anomalies. We present data that demonstrate four, novel sequence
variants that result in amino acid substitutions in HLX in CDH patients and provide information
concerning functional studies pertaining to these single-nucleotide substitutions. We also
provide further data on expression studies using in-situ hybridization for Hlx in the murine
diaphragm during development.

Materials and methods
Patient samples

DNA samples were obtained from probands and parents using two protocols approved by the
Committee for Human Subjects Research (CHR) at the University of California, San Francisco
(UCSF; CHR numbers H41842-22157-06 and H41842-26613-04). We used 23 DNA samples
from diaphragmatic hernia patients recruited through UCSF and 96 DNA samples obtained
from the blood spots of newborn children with diaphragmatic hernias through the California
Birth Defects Monitoring Program. None of the first 23 patients was believed to have an
underlying genetic syndrome as an explanation for the diaphragmatic defect, either because of
a lack of additional features or because of the presence of few additional anomalies that did
not form a recognizable syndromic pattern, and there was no history of maternal or gestational
diabetes for any patient (Table 1). Phenotypic features were obtained from patient records or
from patient databases and tabulated for each patient. The blood spot samples were subject to
whole genome amplification before use (GenomiPhi™, GE Healthcare, Princeton, NJ). All the
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available patient records were inspected by a Clinical Geneticist (A. M. S.), but not all the
patients were examined, and karyotyping or microarrays were not performed in all individuals.
For the 96 blood spot samples, patients either had isolated CDH or CDH with anomalies as
previously described (15).

Genomic sequencing of the HLX gene
We sequenced the exons and the exon–intron boundaries of the HLX gene in 23 patients with
CDH. We then used a high-throughput approach (15) to sequence the HLX gene in a larger
group of 96 patients with CDH. We examined 80–100 bp of the 5′ untranslated region upstream
from the start codon, but the promoter was not studied. A minimum of 186 ethnically matched
control chromosomes were screened for each novel sequence alteration, either by restriction
length polymorphism fragment analysis or by genomic sequencing. For the blood spot samples,
family members were unable to be contacted to verify if alterations were de novo.

Protein comparison analysis
We previously compared the Hlx protein sequences from nine species (20). We expanded this
comparison with Hlx protein sequences from another eight species. These sequences were
identified using a protein vs translated DNA BLAST search (TBLASTN) using the Hlx
homeodomain (identical in all species tested) against the relevant database from Ensembl
(www.ensembl.org) (20).

In-situ hybridization with murine embryo sections
We used a full-length murine cDNA clone for Hlx (Full Length Mammalian Gene Collection
1380899; Invitrogen, Carlsbad, CA). A BLAT search using the sequence from the 2192-bp
clone insert did not show any significant match to other murine genes or evolutionarily
conserved regions
(http://genome.ucsc.edu/cgi-bin/hgBlat?command = start&org = Mouse&db = mm9&hgsid =
117481693; data not shown).

In-situ hybridization was performed on murine sagittal sections obtained from E11.5, E12.5,
E13.5 and E14.5 embryos after fixation and embedding according to previously published
methods (21). For probe generation, the Hlx cDNA clone was cut with restriction enzymes and
ethanol precipitated before generation of the RNA probes (DIG RNA labeling kit; Roche,
Indianapolis, IN) according to the manufacturer’s instructions. Probes were quantified using
dot-blot methodology before resuspension in formamide. The in-situ hybridization protocol
has been published previously (21). Murine embryos were fixed, embedded in paraffin wax,
sectioned at a thickness of 8 µm, and dewaxed. The sections were digested for 8 min in 40 µg/
ml proteinase K, fixed in 4% paraformaldehyde for 20 min and dehydrated through ethanol
washes. In-situ hybridization was performed with antisense or sense probes in 50 µl of
hybridization buffer. After hybridization, sections were treated with RNaseA using previously
described standard methods (22). Signal was detected using an alkaline phosphatase-
conjugated anti-digoxigenin antibody and BM Purple alkaline phosphatase substrate (Roche).
We examined the expression of Hlx in the murine diaphragm using sense probes and anti-sense
probes at E11.5, E12.5, E13.5 and E14.5.

Functional analysis
We have unpublished data showing that Hlx is required for smooth muscle differentiation and,
in particular, α-smooth muscle actin (αSMA) and γ-smooth muscle actin expression (γSMA;
M. Bates, personal communication). In mice that are homozygous null for Hlx, the expression
of αSMA is delayed and the expression of γSMA is seen only at trace levels at best. We therefore
decided to use smooth muscle promoters with a luciferase assay for functional studies. The
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human HLX cDNA was subcloned into pMSCV-IRES-GFP, a bicistronic plasmid vector that
expresses green fluorescent protein under a mouse stem cell virus promoter. Constructs with
point mutations were prepared using the Quik-Change Site-Directed Mutagenesis kit
(Stratagene, La Jolla, CA) and resulting constructs were confirmed by DNA sequencing. The
αSMA construct contained a 5368-bp fragment of the rat αSMA gene (−2555 to +2813)
subcloned into pGL3-Basic (23). The SM22α promoter construct contained a 482-bp fragment
of the mouse SM22α gene (−441 to +41) subcloned into pGL2-Basic (24,25). HLX regulation
of promoter activity was assayed by transfection into an Hlx−/− mesenchymal cell line that was
derived from an E11.5 Hlx−/− embryo (9–3 cells) (Bates et al., unpublished). Transfections
were performed in triplicate wells in two independent experiments using SuperFect (Qiagen,
Valencia, CA). All transfections included pRL-SV40, which expresses Renilla luciferase, to
control for cell density and transfection efficiency. After incubating transfected cells for 2 days,
luciferase activities were determined using the Dual-Luciferase Reporter Assay System
(Promega, Madison, WI). Ratios of firefly luciferase (expressed by pGL3 constructs with
promoters of interest, expressed in relative luciferase units, or RLUs) to Renilla luciferase
(expressed by pRL-SV40) were calculated for each well. Results for triplicate wells from
duplicate experiments were used to determine means, standard errors, and statistical
significance (p < 0.01 using Student’s t-test).

Quantitative reverse transcription-polymerase chain reaction (RT-PCR)
Exponentially growing cells C2C12 myoblast cells were plated in Petri dishes at a density of
2.4 × 104 cells per milliliter. When the cells were 75–90% confluent, growth medium was
replaced with differentiation medium containing 2% horse serum (Hyclone, Logan UT). Cells
were harvested on days 1, 3 and 6 and RNA was obtained by standard methods (RNeasy kit;
Qiagen, Valencia, CA). At day 6, the majority of the cells had formed elongated myotubes.
cDNA synthesis was performed from total RNA using the High-Capacity cDNA Reverse
Transcription kit (Applied Biosystems, Foster City, CA).The expression of Hlx (TaqMan probe
Mn00468056_m1; Applied Biosystems, Foster City, CA) and Hprt1 (TaqMan probe
Mn03024075_m1; Applied Biosystems) were assayed at days 1, 3 and 6 using real-time PCR
and an ABI PRISM 7500 sequence detection system (Applied Biosystems, Foster City, CA).
All reactions were run in sets of four identical reactions. As the expression of the Hprt
housekeeping gene did not change significantly during the differentiation process (data not
shown), quantification analysis was performed with the ΔΔCt method using Hprt as a control.

Results
Patient phenotypes

In the first and smaller patient group comprising 23 CDH patients, five had right-sided CDH
(R-CDH) and 15 had left-sided CDH (L-CDH; Table 1). One patient had an antral
diaphragmatic hernia, one had bilateral CDH and in one the type of diaphragmatic defect was
not specified (Table 1). All the patients had either isolated CDH or CDH in combination with
anomalies that did not constitute a known recognizable syndrome. The clinical details of the
larger group of 96 CDH patients have previously been reported (15).

Novel sequence variants in the HLX gene in patients with CDH
In the first group of 23 patients with CDH, we found c.704C>T, predicting p.A235V in exon
2 of HLX in an Hispanic patient (Table 2; Fig. 1a). Nucleotides are numbered from A in start
codon 1; transcript NM_021958
(http://www.ncbi.nlm.nih.gov/sites/entrez?db = nuccore&itool = toolbar). This alteration was
not present in the patient’s unaffected mother or sister, or in 140 Hispanic control
chromosomes, or in 112 Caucasian control chromosomes. DNA from the father of the patient
was unavailable. This sequence variant is adjacent to c.705A>C, a SNP that does not alter the
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amino acid sequence of the protein (Table 2). The patient with p.A235V was heterozygous for
the c.705A>C SNP, but his mother was wild type at this locus. Cloning of exon 1 in the patient
revealed that the c.705A>C SNP was not inherited on the maternal allele (data not shown), and
it is possible that the p.A235V sequence variant was therefore inherited from the patient‘s
father in cis with the c.705A>C SNP. However, p.A235V is rare and was not identified in 252
control chromosomes as detailed above. The SIFT (http://blocks.fhcrc.org/sift/SIFT.html)
database predicted that this variant would not be tolerated (p < 0.05), although Polyphen
(http://genetics.bwh.harvard.edu/pph/) predicted that the variant was benign.

We studied the second group of 96 patients with CDH for HLX sequence variants and identified
three other novel variants, c.35C>T, predicting p.S12F, c.53C>T, predicting p.S18L and c.
517G>T, predicting p.D173Y (Table 2; Fig. 1b–d). The Polyphen predictions for these
alterations were p.S12F, possibly damaging; p.S18L, possibly damaging; and p.D173Y,
probably damaging; SIFT predicted that all variants would not be tolerated. None of the
sequence variants was detected in a minimum of 186 control chromosomes. All these
alterations were verified in genomic DNA, but we could not determine if the variants were de
novo, as we had no access to parental samples for these patients. Finally, we also sequenced
HLX in our patient with CDH and multiple anomalies who had a large chromosome deletion
including the HLX gene at 1q41–1q42 (15), but did not identify any sequence alterations on
the second allele.

We found several SNPs in HLX that were useful for ruling out a deletion of the entire gene
(Table 1 and Table 3). These polymorphisms were p.S116P and p.Q125H in exon 1, c.705A>C
(silent) in exon 2, p.P356L, p.A387G and c.1083G>A (silent) in exon 4. Using these SNPs, a
deletion involving the entire HLX gene could be excluded in 18/22 (82%) of the isolated CDH
patients, thus making whole-gene deletion unlikely as a common mutational mechanism.

In-situ hybridization with murine embryo sections confirmed Hlx expression in the
developing diaphragm

The expression of Hlx had previously been noted in the septum transversum underneath the
heart at E10 (18). This structure is the precursor for the connective tissue of the diaphragm and
the liver capsule (18). We confirmed similar expression at E11.5 (Fig. 3a). Hlx is also expressed
in the diaphragm muscle at E13.5 (Fig. 3a) and more weakly in the diaphragm muscle at E12.5
and E14.5 (Fig. 3a). Expression was strongest at the sites of the junction of the diaphragm with
the liver, and in the outermost layer of the liver (Figs. 3a and Fig. 3b). Expression appears to
be present both in the muscle posteriorly and the connective tissue of the diaphragm anteriorly
(Fig. 3). However, no cell-specific costaining has been performed.

Functional analysis did not reveal a significant difference between the ability of wild-type
Hlx and constructs with novel HLX sequence alterations to activate two downstream smooth
muscle promoters

Unexpectedly, we found that Hlx decreased the activity of promoters for both αSMA and
SM22α by ~60% in the Hlx−/− cell line prepared from an Hlx−/− embryo (Fig. 4). Expression
of Hlx had no effect on a smooth muscle myosin promoter (Dr Owens, personal
communication). However, the effect of Hlx on a given promoter’s activity can be stimulatory,
inhibitory, or neither, depending on the Hlx−/− cell line used (M. Bates, unpublished
observations). One explanation for these findings is that Hlx may require additional cofactors
for enteric smooth muscle-specific gene regulation, as has been shown for Hlx regulation of
interferon-γ expression in helper T lymphocytes (26), as well as in other gene regulatory
systems (27–30). There was no significant difference in the ability to activate αSMA and
SM22α between wild-type human HLX and any of the constructs containing the sequence
variants (Fig. 4).
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Quantitative reverse transcriptase-polymerase chain reaction
We hypothesized that if Hlx was important in muscle differentiation in the developing
diaphragm, its expression would be likely to increase during the differentiation of other,
muscle-derived cell types, such as C2C12 cells. Our experiments showed that there was no
significant change in Hlx expression during the differentiation of murine C2C12 cells (data not
shown).

Discussion
The HLX gene (also known as HLX1, H2.0-like homeobox or HB24; OMIM 142995) is a
member of the homeobox family of genes, with homology to the Drosophila homeobox gene
H2.0. We selected this gene for study in patients with CDH because of its position within a
deleted region in CDH patients (12,13,16), previous studies showing expression in the murine
diaphragm during development (18) and a homozygous mouse model with loss of gene function
that reportedly had diaphragmatic defects (19). A comparison of HLX orthologs in human and
mouse showed that the genes share similar organization, with four exons and three introns and
85.4% identity between the human and mouse proteins, suggesting a similar function in both-
species (20).

Our initial study included 23 CDH patients and, as we identified one amino acid substitution,
p.A235V, we expanded our screen to include an additional 96 CDH patients and identified
three more amino acid substitutions, p. S12F, p.S18L and p.D173Y. These sequence alterations
have not been reported as SNPs and are present in highly conserved regions of the protein (Fig.
2). Our functional studies, however, were limited to the induction of α-smooth muscle actin
and SM22α promoter activity by Hlx and did not show that any of the variants significantly
altered protein function compared with wild type. However, none of our studies has examined
the potential of Hlx to affect the early patterning of the diaphragm. We also identified several
other polymorphisms in this gene in our cohort – p.Q125H in exon 1, present in 1.96% of
normal control chromosomes and c.705A>C, a silent nucleotide alteration present in 2.1% of
normal control chromosomes in exon 2.

Hlx expression was previously studied in the embryonic mouse using radioactive methodology
and the gene was expressed most strongly in mesodermal tissues (18,31). At E10, expression
was present in the septum transversum of the diaphragm and at E11 to E12, hybridization
signals were seen in the diaphragm and liver capsule (18,31). At E12.5 and at E14.5, Hlx
expression was still detectable in the diaphragm (18). Our results confirmed expression of
Hlx in the liver and overlying the liver at E11.5. At later gestations, Hlx expression is strongest
in the liver, liver capsule and intestines, but is also seen in the overlying diaphragm adjacent
to the liver capsule (Fig. 3). Expression in diaphragm did not persist strongly at later gestations,
whereas Hlx continues to be seen more strongly in the liver capsule at E14.5 (Fig. 3). The
diaphragmatic expression of this gene at the time of murine diaphragm formation and closure
is consistent with a role for this gene in diaphragm development.

Mice that were homozygous null for the Hlx gene have been made by targeted disruption of
the gene to remove the homeobox and produce a null allele (19). Heterozygous mice were
normal, but homozygous null mice died at E15. Dissection of the mutant mice at E14.5 showed
an extremely small liver and reduced intestinal length, with abnormal development of the gut
mesenchymal layer. The diaphragm of the null mice contained few muscle cells and was
described as ‘herniated’ in every mutant embryo examined (28). The reason for the reduced
numbers of muscle cells in the diaphragm of the Hlx-null mice was unknown at the time of
this publication (28). Hlx was expressed in the myoblasts of the limb and branchial arches and
gene expression was downregulated soon after the onset of myogenic differentiation (19).
However, Hlx expression was described as unchanged using an RNAse protection assay in
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C2C12 myoblast cells that were induced to differentiate into myotubes (19). In addition,
microarray studies looking at changes in gene expression during C2C12 differentiation showed
no significant change in Hlx expression (32).We used quantitative RT-PCR to examine Hlx
expression in differentiating C2C12 cells and also did not find any difference between Hlx
expression in proliferating cells compared with differentiated cells, thus making it less likely
that Hlx has a role in diaphragm muscle differentiation. Plausible roles for Hlx in myoblast
proliferation or migration or connective tissue formation in the diaphragm or diaphragm
patterning have not been studied.

Hlx is a transcription factor that has been implicated in cell proliferation in vitro in several
different tissues, including placental extravillous trophoblasts and CD34 positive bone marrow
cells (33,34). Hlx expression can be stimulated when these cell types are exposed to cytokines
or other growth factors, and thus is implicated in immature stem cell and progenitor stem cell
development (34). Hlx is necessary for the development of the enteric nervous system, with
homozygous null animals exhibiting abnormal developmental of the enteric nervous system
and aberrant staining and restriction of PGP9.5 and Phox2b antibodies, which stain enteric
neurons, to the stomach (35). However, similar data on the innervation of the diaphragms in
Hlx-null mice is not available.

It is highly probable that CDH is multifactorial and genetically heterogeneous in etiology (4).
In our study, we were unable to demonstrate that the rare HLX sequence variants in CDH
patients significantly impaired protein function, thus implying that additional genes or
environmental factors interacting with HLX sequence alterations may be required for
manifestation of the diaphragmatic defect, if indeed HLX is important for diaphragm formation.
The diaphragmatic hernias in the Hlx homozygous null mice were caused by two null alleles,
implying loss of function, whereas the patients in our study had one sequence variant. This
situation can be considered together with the results obtained for a more common deletion
associated with CDH at chromosome 15q26, in which sequencing of all the known genes in
the interval failed to reveal a responsible gene (15). However, for the chromosome 15q26
interval and CDH, the critical interval is smaller and there is an outstanding candidate gene,
COUP-TFII (also known as NR2F2) in the 15q26 interval (36). This gene is known to be
regulated by retinoic acid signaling and conditional knockout mice for this gene have
diaphragmatic defects (36). In contrast, HLX is only one gene of many possible candidates in
the 1q41–1q42 interval.

Conclusion
We have sequenced the HLX gene in 119 patients with diaphragmatic defects because HLX is
in the deleted interval at chromosome 1q41–1q42 for several human patients with CDH, Hlx
is expressed in the murine diaphragm at the time of diaphragm closure and Hlx homozygous
null mice have been described to have diaphragmatic defects. We identified four highly
conserved nucleotide alterations that predict novel amino acid substitutions and that were not
present in ethnically matched control chromosomes, but our limited functional studies did not
show that any of the substitutions significantly impaired the functional ability of Hlx to induce
intestinal smooth muscle promoters. Although we have not proven that the HLX variants are
etiologically important in diaphragm formation, it is still possible that they could contribute to
diaphragm formation by interaction with other, as yet unknown, genetic or environmental
factors.
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Fig. 1.
(a) Chromatogram showing c.35C>T, predicting p.S12F in the HLX gene from a patient with
a right-sided congenital diaphragmatic hernia. (b) Chromatogram showing c.53C>T,
predicting p.S18L in the HLX gene from a patient with a right-sided congenital diaphragmatic
hernia. (c) Chromatogram showing c.517G>T, predicting p.D173Y in the HLX gene from a
patient with a right-sided congenital diaphragmatic hernia. (d) Chromatogram showing c.
704C>T, predicting p.A235V in the HLX gene from a patient with a left-sided congenital
diaphragmatic hernia.
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Fig. 2.
Alignment of the HLX gene showing conserved residues at the site of the sequence variants
predicting p.S12F, p.S18L, p.D173Y and p.A235V. The top bar shows conservation among
the 17 species shown in the figure. Red indicates that the amino acids are identical in all 17
species; orange indicates that the amino acids are identical in 14–16 species; green indicates
that the amino acids are identical in 11–12 species; light blue indicates that the amino acids
are identical in 7–10 species; dark blue indicates that the amino acids are identical in four to
six species; black indicates that the amino acids are identical in three species and white indicates
that the amino acids are identical in one to two species. The second bar shows conservation
among the eight mammalian species. Red indicates that the amino acids are identical in all
eight species; orange indicates that the amino acids are identical in seven species; green
indicates that the amino acids are identical in five to six species; light blue indicates that the
amino acids are identical in four species; dark blue indicates that the amino acids are identical
in three species.
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Fig. 3.
(a) In-situ hybridization studies using a full-length Hlx antisense probe (Fig. 3a) and an Hlx
sense probe at E11.5 (first panel), E12.5 (second panel), E13.5 (third panel) and E14.5 (fourth
panel). In the E11.5 antisense panel: He, heart; hp, hepatic primordium. The developing
diaphragm is located between these two structures (37). In the E12.5, E13.5 and E14.5 antisense
panels, the arrows indicate the developing diaphragm. Expression of Hlx can be seen in the
murine diaphragm and adjacent liver capsule with the antisense probe but not the sense probe,
and expression appears strongest at E13.5. Hlx is also strongly expressed in the developing
liver. (Fig. 3b) shows a higher magnification view (40×) from the E13.5 antisense section, site
indicated by the box in Fig. 3a. Diaphragm staining is indicated by an arrow.
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Fig. 4.
Functional studies of the ability of wild-type Hlx and Hlx constructs with sequence variants to
induce α-smooth muscle actin and SM22α promoter activity in a cell line derived from an
Hlx−/− mouse. (a) The results for the α-smooth muscle actin promoter are shown. The x-axis
has bars representing the different sequence variants and the y-axis has the values for ratios of
firefly luciferase (expressed by pGL3 constructs with promoters of interest, expressed in
relative luciferase units, or RLUs) to Renilla luciferase (expressed by pRL-SV40) for triplicate
wells in duplicate experiments. (b) The results for the SM22α promoter are shown. The x-axis
has bars representing the different sequence variants and the y-axis has the values for ratios of
firefly luciferase (expressed by pGL3 constructs with promoters of interest, expressed in RLUs)
to Renilla luciferase (expressed by pRL-SV40) for triplicate wells in duplicate experiments.
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