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Abstract

Research in gene function using Quantitative Reverse Transcription PCR (q-RT-PCR) and microarray approaches are emerging and just about
to explode in the field of coral and cnidarian biology. These approaches are showing the great potential to significantly advance our understanding
of how corals respond to abiotic and biotic stresses, and how host cnidarians/dinoflagellates symbioses are maintained and regulated. With these
genomic advances, however, new analytical challenges are also emerging, such as the normalization of gene expression data derived from q-RT-
PCR. In this study, an effective analytical method is introduced to identify candidate housekeeping genes (HKG) from a sea anemone
(Anthopleura elegantissima) cDNA microarray platform that can be used as internal control genes to normalize q-RT-PCR gene expression data. It
is shown that the identified HKGs were stable among the experimental conditions tested in this study. The three most stables genes identified, in
term of gene expression, were beta-actin, ribosomal protein L12, and a Poly(a) binding protein. The applications of these HKGs in other cnidarian
systems are further discussed.
© 2007 Published by Elsevier B.V.
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1. Introduction

As a result of recent advances in genomic technology, a new
set of tools has started to be used in addressing central questions
in cnidarian and coral reef physiology [1]. Techniques such as
gene expression profiling using DNA microarray, quantitative
reverse transcription PCR (q-RT-PCR) and differential display
assays are showing the great potential to significantly advance
our understanding of how corals respond to abiotic and biotic
stresses [2,3], and how the complex mutualistic association
between host cnidarians and symbiotic dinoflagellates is
maintained and regulated [4]. With these genomic advances,
however, new analytical and methodological challenges are also

emerging, not only for the field of coral biology, but also for the
general field of molecular biology.

Gene expression profiling studies using microarray technol-
ogy to measure messenger RNA (mRNA) expression yields
long lists of genes that appear to be differentially expressed.
Differential expression of some of these genes is subsequently
validated using q-RT-PCR assays, which compared to other
methods to assess gene expression, such as northern blot
analysis or conventional RT-PCR, are rapid, reproducible, and
have a wide dynamic range [5].

q-RT-PCR, a modification of PCR, is used to rapidly
measure the quantity of starting amounts of DNA, cDNA, or
RNA templates in a particular sample. The technique is based
on the detection of a fluorescent reporter molecule that increases
as PCR product accumulates with each cycle of amplification.
q-RT-PCR exceeds the limitations of traditional end-point PCR
methods by allowing either absolute or relative quantification of
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PCR product at the end of each cycle. This ability has greatly
enhanced several areas of research including gene expression
analysis and genotyping assays.

When measuring the expression (i.e. amount of mRNA
transcripts) of a gene of interest using q-RT-PCR assays, the
expression data has to go through a step of normalization to
remove or eliminate variation in the amount of starting material
between the samples, e.g. caused by sample-to-sample variation,
variation in RNA integrity, reverse transcription efficiency
differences and cDNA sample loading variation [6–8]. This is
especially relevant when the samples have been obtained from
different individuals, different tissues and different time courses,
and will result in the misinterpretation of the derived expression
profile of the target genes. Therefore, normalization of target gene
expression levels must be performed to compensate intra-and
inter-kinetic RT-PCR variations (sample-to-sample and run-to-
run variations) [9]. q-RT-PCR data normalization can be carried
out against total cellular DNA or RNA content (molecules/g total
DNA/RNA and concentrations/g total DNA/RNA) or against
endogenous unregulated reference gene transcript. Normalization
according the total cellular RNA content has increasingly been
used, but little is known about the total RNA content of cells or
even about themRNA concentrations [10]. The content per cell or
per gram tissuemay vary in different tissues in vivo, in cell culture
(in vitro), between individuals and under different experimental
conditions. Alternatively, relative quantification can be deter-
mined by normalizing the level of expression of a gene of interest
relative to the levels of an endogenous reference gene, also called
internal control or most popularly termed housekeeping gene
(HKG). This housekeeping gene can be co-amplified in the same
tube in a multiplex assay or can be amplified in a separate tube.
Therefore, relative quantification using HKGs does not require
standardswith known concentrations and the reference can be any
transcript, as long as its sequence is known. The normalization
values for different samples can be then directly compared [10].

When using housekeeping genes to normalize gene expression
data, the underlying assumption is that they are expressed at
constant levels across the samples and that their expression does
not vary in response to the experimental manipulation. Because
the expression of the target gene is measured relative to the
housekeeping gene, it is critical that these assumptions hold.
However, it has become clear that no single housekeeping gene
can be used for all studies and that the choice of the control gene
depends on the tissue type and the experimental conditions [11–
13]. Furthermore, it has been shown that normalization based on a
single housekeeping gene led to erroneous quantifications of up to
3-fold in 25% of cases and 6.4-fold in 10% of cases, with sporadic
cases showing errors greater than 20-fold [14]. It is recommended,
instead normalizing the gene expression of gene of interests to the
geometric mean of several housekeeping genes [14]. Neverthe-
less, finding multiple HKGs to be used as normalizing internal
controls is challenging and a difficult task.

Since the selection of internal control genes is tissue and
experimental condition dependent, and there is a need for
several of them for q-RT-PCR normalization, we suggest that
potential HKG candidates for normalizing q-RT-PCR data could
be attained from a cDNA microarray platform under similar

experimental settings. The justification of this approach lies on
the fact that only small proportions of genes from large,
comprehensive cDNA microarrays tend to be differentially
expressed under any experimental design, leaving the gene
expression of most of the genes on the microarrays unalterable.
Because of this, microarray experiments can be self-normalized
using the data from the thousands of genes in the array that do
not change expression [15]. Thus, microarrays offer a great
advantage in mining for candidate HKGs.

In this study, we propose a statistical and analytical approach to
select candidate “Housekeeping Genes” from microarray experi-
ments, which then can be used as normalizing genes in q-RT-PCR
assays. The gene expression stability among these candidate
genes from q-RT-PCR data is further tested. For this study, we
used a (cnidarian) sea anemone (Anthopleura elegantissima)
cDNA microarray platform, where two treatments or conditions
were compared: symbiont-free anemones (aposymbiotic) and
symbiotic anemones (see [4], for further details regarding the
experimental design). After statistical and screening analyses, we
found six candidate genes out of 10,368 cDNAs. We discuss the
potential for these HKGs to be tested and used in other cnidarian
systems.

2. Materials and methods

2.1. Selection of candidate housekeeping genes from a
microarray platform

The gene expression data from the microarray experiments
published by Rodriguez-Lanetty et al. [4] and deposited in Gene
Expression Omnibus (GSE3858) was used. In this study, the gene
transcription profile from sea anemones hosting symbionts were
compared to anemones free of symbionts (referred to as
aposymbiotic).

Three criteria were established for selecting candidate HKGs
from the microarray platform; (1) these genes should show low
gene expression variability among samples within and between
treatments; (2) They should show a ratio of expression not
statistically different than 1 between treatments, and (3) they
should be abundant transcripts.

In order to filter out genes whose expressions are very
variable among samples, we ranked all the genes on the array
based on their coefficient of variation (CV) of the array-
normalized Cy5/Cy3 ratios and pre-selected those genes that
had a coefficient of variation lower than 5%. From this list of
pre-selected genes, we tested whether the Cy5/Cy3 ratios were
not significantly different to ratio=1 (null hypothesis), using a
one-sample t-test (which compares the mean of a group to a
hypothetical value), filtering out those genes whose ratios were
significantly different from one (pb0.05). In the case where
microarray data includes more than two treatments or groups,
we recommend that ANOVA analysis be performed and only
those significant genes among the treatment be filtered out.

From the list of non-differentially expressed genes, we then
filtered out those genes that were below a set threshold of
fluorescent intensity [measured by the Photo-Multiplier Tube
(PMT) detector] per array-scanned channel. Only those pre-
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selected genes with PMT values higher than 30% of the
saturation PMT values were chosen (PMTN20,000). The
rationale for this last criterion of selection is to choose common
HKGs based on the assumption that transcript abundance
correlates with PMT intensity values.

2.2. Stability of the selected candidate housekeeping genes
from the microarray platform

2.2.1. Primer design and q-RT-PCR assays
Specific primers amplifying approximately 100–200 bp PCR

products were designed for the chosen candidate HKGs, and
specific amplification of appropriately sized bands was checked
(Table 1). The selected range of PCR product length was based on
the recommendations given by Fleige et al. [16]. The candidate
HKGs were tested on new sea anemone samples from the same
two conditions, one infected with symbionts and the other one
free of symbionts. cDNAs of five samples from each of the two
treatments or conditions were synthesized from 100 ng of mRNA
and then diluted to a final volume of 330 μl. Two μl of cDNAwas
used in triplicate 20 μl quantitative RT-PCR reactions with
250 nM primers and iQ SYBR Green Supermix (BioRad) for a
total of 40 cycles. The comparative delta CTmethod corrected for
the actual PCR efficiency was used to determine relative
quantities of mRNA transcripts from each sampled anemone.
The PCR efficiency was determined using Lin-RegPCR [17].

2.2.2. Gene-stability measure of candidate housekeeping genes
We used the method described by Vandesompele et al. [14] to

determine the expression stability (M value) of control HKGs on

the basis of non-normalized expression data from q-RT-PCR
assays. The “M-value” measure relies on the principle that the
expression ratio of two hypothetical ideal internal control genes is
identical in all samples, regardless of the experimental condition
or treatment. In this way, variation of the expression ratios of two
actual housekeeping genes reflects the fact that one (or both) of
the genes is (are) not constantly expressed, with increasing
variation in ratio corresponding to decreasing expression stability
(M value). For every candidate housekeeping gene, we
determined the pairwise variation with all other candidate control
genes as the standard variation of the logarithmically transformed
expression ratios, which was defined as the internal control gene-
stability measure “M value”, the average pairwise variation of a
particular gene with all other control genes. Genes with the lowest
M values have the most stable expression and therefore would be
selected as the ideal housekeeping genes.

The calculation of the M values was performed using the
software GeNorm created by Vandesompele et al. [14]. This
program automatically calculates the gene-stability measure M
for all control genes in a given set of samples, and enables
elimination of the worst-scoring housekeeping gene (which is the
one with the highest M value).

2.2.3. Testing ideal housekeeping genes: comparison of array
and q-RT-PCR expression data

A normalization factor based on the expression level of the
best-performing or the most stable housekeeping genes was
calculated by computing the geometric mean among these
genes. The reason to use a geometric average instead of an
arithmetic average relies on the fact that the former is less
sensitive to outlying values and abundance differences between
the different genes [14]. This normalization factor was used to
normalize the expression q-RT-PCR data of four target genes of
interest (Table 2) known to be differentially expressed from a
previous microarray study [4]. The expression values of array
data and q-RT-PCR were compared. The sample of ratios
(symbiotic vs aposymbiotic state) from the Q-RT-PCR data for
each gene was compared to the absolute ratio value from the
microarray data (Table 2) using a one-sample t-test (α=0.05).

Table 1
Candidate housekeeping genes, ranked in order of their expression stability, and
their forward and reverse primers used in q-RT-PCR assays

Gene Rank Primers Product size

Beta-actin (b-actin) 1 For: CTG ATG GAC
AGG TCATCA CCAT

200 bp

Rev: CTC GTG GAT
ACC AGC AGATTC C

Ribosomal protein L12
(RibpL12)

2 For: CCT AAG TTC
GAC CCC AAT GA

191 bp

Rev: TTT TGG ATG
GTC AGT TGG AC

Poly(a) binding protein
(Pabp)

3 For: AAT GGC GTC
TCT ATA CGT TGG

167 bp

Rev: CGT GAG CTG
GTT GTT GGA A

Ribosomal protein L10
(RibpL10)

4 For: TGT GTG GCA
AAG AAG GAT GA

212 bp

Rev: GTA GCA GGG
ACG ATT TCA GG

CCAAT/enhancer-binding
protein (C/EBP)

5 For: CGC TTC AAG
ACC AAA CAA AA

120 bp

Rev: TCG GAG TAC
GTT GAG CTC TTT

Senescence-associated
protein (Sap)

6 For: TCG CAC CAT
TGG CTT TTC

204 bp

Rev: CCT ATC ATT
GCG AAG CAG AA

Table 2
Comparison of ratios of expression of four selected genes involved in symbiosis
from microarray and q-RT-PCR data

Gene Gene expression
(microarray) a

Gene expression
(q-RT-PCR) b

GenBank
accession ID

Death-associated protein 1
(DAP-1)

↑ 1.39 ↑ 1.51 DQ309530

Calcium/calmodulin-
dependent protein
kinase IV

↓ 1.57 ↓ 1.33 DQ309544

Plasma glutamate
carboxypeptidase

↑ 1.70 ↑ 1.77 DQ309521

Collagen alpha-1 chain,
type XII

↓ 1.94 ↓ 2.25 DQ309546

Arrows indicate the direction of expression as a function of symbiosis: up-or
down-regulation.
a Data from Rodriguez-Lanetty et al. [4].
b Data from this study.
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3. Results

3.1. Selection of candidate housekeeping genes

Out of 10,368 genes on the microarray, 18 genes satisfied the
three stringent criteria of selection for housekeeping genes,
which were low gene expression variability among all samples;
no significant difference in gene expression between treatments
(α=0.05), and high abundance of transcripts (Fig. 1).

After completing sequencing and BLAST analyses, six
unique genes out of the 18 candidate genes showed significant
homology to genes deposited in GenBank. These genes were
beta-actin, the ribosomal protein L12 and L10, a Poly(a)-
binding protein gene, a CCAAT/enhancer-binding protein gene
and a putative senescence-associated protein gene (Table 1),
which were then further tested as potential housekeeping genes
in q-RT-PCR assays. The genes that did not show any
significant hit with the GenBank database were not further
tested as potential candidate HKGs. The reason to remove the
unknown genes from the analyses is because we are not able in
the current stage to satisfy one of the important criteria when
selecting multiple housekeeping genes to be used for normal-
izing Q-RT-PCR data, which is the selected HKGs should not be
co-expressed or belonging to the same functional group. So
because we could not determine the actual function of some of
the genes from gene database comparisons, we decided not to
include them in our analyses.

3.2. Analysis of gene-stability of candidate housekeeping genes
from q-RT-PCR assays

The gene-stability expression measures (M) for the six
candidate housekeeping genes on the basis of non-normalized
expression levels from q-RT-PCR assays are shown in Fig. 2.
From a stepwise exclusion of the least stable control gene, we

determined that beta-actin and the ribosomal protein L12
mRNAwere the two most stable control genes, with an average
expression stability value of 0.43, followed by the Poly(a)-
binding protein gene (Fig. 2; Table 1). The least stable gene
within these six candidates was the putative senescence-
associated protein gene which increased the average expression
stability to 0.59.

3.3. Determination of the optimal number of control genes for
q-RT-PCR normalization

In order to measure expression levels accurately in q-RT-
PCR assays, normalization by multiple housekeeping genes are
required, as discussed by Vandesompele et al. [14]. The number
of genes used for calculating a geometric average normalization
factor should be a trade-off between practical considerations
and accuracy. It would be impractical to quantify the six
candidate control genes to obtain a normalization factor when
only a few target genes would need to be studied. Furthermore,
it would be a waste of resources to quantify more housekeeping
genes than necessary if all genes are relatively stably expressed
and if the normalization factor does not significantly change
whether or not more genes are included. It has been
recommended that the minimal use of the three most stable
internal control genes for calculation of an q-RT-PCR
normalization factor, and stepwise inclusion of more control
genes until the (n+1)th gene has no significant contribution to
the newly calculated normalization factor [14].

From our analysis, the pairwise variation of the normalization
factor for the threemost stable (i.e. best performing) control genes
was less than 0.15, which is already a very low pairwise variation,
suggesting that these three most stable genes might be enough for
calculating an adequate normalization factor (Fig. 3). However,
we observed that the inclusion of the 4th ranked stable gene
slightly reduced the pairwise variation of the new normalization

Fig. 1. Transcript abundance of pre-selected genes (ESTs) that did not show significant differences between treatments (αb0.05), and which expression variation
among all samples were less than 5%. The ESTs that show transcript abundance (≥20,000 PMT values) [bars in black] were finally chosen as candidate housekeeping
genes and sequenced.
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factor to 0.11, advocating that this extra housekeeping genemight
also be included in the calculation of the normalization factor. The
inclusion of any further candidate housekeeping gene did not
affect the pairwise variation of the subsequent normalization
factors.

3.4. Testing housekeeping genes: comparison of microarray
and q-RT-PCR expression data

In the previous section, we determined that the following
four genes; beta-actin, Poly(a)-binding protein gene, the
ribosomal protein L12 and L10 were the most stable
housekeeping genes to be used for normalization of q-RT-
PCR expression data (Table 1). However, we decided to exclude
one of the two ribosomal protein genes from the normalization
factor calculation as these two genes might be co-regulated
since they belong to the same functional class. Thus, we omitted
the ribosomal L10 as this was slightly less stable than the
ribosomal L12 gene.

We then compared the expression of four other specific
genes, which are particularly involved in symbiosis regulation
[4], measured by q-RT-PCR assays and normalized with the
geometric mean of the three best-performing housekeeping
genes determined previously, with the expression of the same
genes measured by the microarray assays. Although there was
slight variation in the mean of gene expression, no significant
differences (pN0.1; one-sample t-test) were detected between
the q-RT-PCR and microarray data (Table 2). Moreover, the
patterns of gene expression as a function of symbiosis were the
same. These results validate the gene expression data for these
four genes measured previously using microarrays, but never
previously validated with other gene expression assays [4].
These results also indicate that the normalization of the q-RT-
PCR data by our three best-performing housekeeping genes was
adequate. It is important to mention that the gene expression as
function of symbiosis for few other genes has also been
validated using the stable HKGs reported here [4]. Rodriguez-
Lanetty et al. [4] reported the senescence-associated protein

(Sap) [6th stable HKG] was included in the normalization factor
in that study, but that was a typo mistake as it was indeed the
Poly(a) binding protein (Pabp) used instead along with Beta-
actin and Ribosomal protein L12 (RibpL12).

4. Discussion

We have introduced here an effective and original analytical
approach to identify candidate housekeeping genes from a
microarray platform that can be used as internal control genes to
normalize q-RT-PCR data. Based on q-RT-PCR data, we have
then tested and shown that the identifiedHKGswere stable among
the experimental conditions of our study. Furthermore, compar-
ison of q-RT-PCR and microarray data showed that the final three
best-performing HKGs identified from our methodwere adequate
to be used as normalizing genes in gene expression assays.

4.1. The best-performing housekeeping genes

Based on the experimental conditions from our study, we
determined the best-performing housekeeping genes in q-RT-
PCR assays among the six candidates genes discovered from a
microarray platform containing 10,368 ESTs. It is important,
however, to mention that the rank based on performance of
these HKGs could change depending on the experimental
conditions of the samples. Thus we suggest that, if other
researchers plan to use the HKGs described in this study on
other cnidarian organisms, including anemones and corals, the
stability and ranked performance should be established a priori
from the new experimental conditions. The cellular function of
the three best-performing (most stable) housekeeping genes is
further discussed.

4.2. Beta-actin

Actin is a ubiquitous protein involved in the formation of
filaments that are major components of the cytoskeleton. These
filaments interact with myosin to produce a sliding effect, which
is the basis of muscular contraction and many aspects of cell
motility, including cytokinesis [18]. The three major groups of

Fig. 3. Pairwise variation (Vn / n+1) analysis between the normalization factor
NFn and NFn+1 to determine the number of control genes required for accurate
normalization. N=number of the gene, so gene 1 to 6 refers from the most stable
to least ones (ranked genes from Table 1).

Fig. 2. Average variation of the expression stability value (M) for the six final
candidate housekeeping genes during stepwise exclusion of the least stable
control gene (from the left to the right on the X-axis).
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actin isoforms are the alpha, beta and gamma. The alpha actins
are found in muscle tissues and are a major constituent of the
contractile apparatus. The beta and gamma actins co-exist in
most cell types as components of the cytoskeleton and as
mediators of internal cell motility [18].

Over the last 8 years, beta-actin has become the most common
internal control gene in gene expression studies; however many
studies have recently shown that caution should be taken when
using beta-actin or any other common internal control gene, such
as GAPDH, as their gene expression can vary based on the
experimental conditions [19]. This does not imply that beta-actin
or any other previous HKG cannot be used at all as normalizing or
internal control gene. But it is becoming widely accepted that
HKGs need careful validation before their use in quantitative
mRNA assays. For instance, Murphy et al. [20] have shown that
beta-actin among a few other control genes may be used as HKGs
to study gene expression in human muscle in experiments
employing short-term creatine supplementation.

From our study, we have also shown that beta-actin is not only
an adequate housekeeping gene, but the best-performing (most
stable) gene alongwith the ribosomal protein L12 genewhen used
to address questions on cnidarian/dinoflagellate symbiosis by
comparing aposymbiotic with symbiotic host anemones.

4.3. Ribosomal protein L12

From our study, ribosomal protein L12 was equally ranked
with beta-actin as the best-performing (stable) gene among the
tested housekeeping genes.

Ribosomal proteins are structural proteins that in conjunction
with rRNA, make up the ribosomal subunits involved in the
cellular process of DNA translation. The L12, along with L7
polypeptides, however, are among the few protein components of
the translational machinery that is involved in translation factor
binding and in the ribosomal GTPase center [21]. It has been well
documented that ribosomes depleted of L7/L12 protein cores
inefficiently support protein synthesis and exhibit a higher error
frequency [22,23]. The proteins interact with initiation-, elonga-
tion-, and release factors, and are responsible for the factor-
dependent GTP hydrolysis [24,25]. All these finding suggest that
ribosomal protein L7/L12 exerts well-defined functional roles to
keep the homeostasis of the DNA translational processes in the
cell, and thus to be considered as a good candidate housekeeping
gene, as we have shown in this study.

4.4. Poly(a) binding protein

In our study, the Poly(a) binding protein was the third best
ranked housekeeping gene. Poly(a) binding proteins play a role in
the synthesis and mediating the biological function of Poly(a)
tails, which are tails permanently attached to almost all eukaryotic
mRNAs [26]. Two types of conserved eukaryotic Poly(a) binding
proteins have been described so far in detail, one being localized
in the cytoplasm, which is present in all eukaryotes and plays
important roles in at least two processes within nucleic acid
metabolism, translation and mRNA decay; and another type
localized in the nucleus, which was discovered through its role in

polyadenylation of mRNA precursors, and is also ubiquitous in
eukaryotic organisms [26]. This group of proteins has been
implicated in global gene regulation, both stimulating translation
initiation [27] and by enhancing mRNA stability and function
[28]. Therefore they play a significant role in keeping steady the
healthy levels of nucleic acidmetabolism, whichmake them good
candidate housekeeping genes to be used as control gene for
normalization of gene expression data. We have indeed shown in
this study that this is the case for a cnidarian organism, as the gene
expression of one of these proteins show high stability among two
different experimental settings.

5. Simplified description of the method and its (future)
applications

The analytical method introduced in this study allows the
identification of candidate housekeeping genes from a micro-
array platform which then can be used as internal control genes
to normalize q-RT-PCR data. The approach encompasses three
key steps for selecting candidate HKGs from a microarray
platform; (1) the pre-selection of genes showing low gene
expression variability among samples within and between
treatments; (2) the test of whether the ratio of expression of
these genes is not statistically different than 1 between
treatments; and (3) The pre-selection of abundant transcripts.
Finally, the gene-stability of the selected candidate housekeep-
ing genes is tested in q-RT-PCR assays. The approach proposed
in this study to identify HKGs can be applied to any
comprehensive cDNA microarray platform generated from
any biological system.

5.1. Applications for other cnidarian studies

Research in gene function using q-RT-PCR and microarray
approaches are emerging and just about to explode in the field
of coral and cnidarian biology. Because of the evolutionary
importance of cnidarian organisms, as a basal metazoan, more
attention has started to grow and more research in evolutionary
developmental biology has began to be conducted in cnidarian
species [29]. An entire genome has been already sequenced
from a sea anemone (Nematostella vectensis) [30], and several
ESTs project are in progress for different corals species [31,32].
All these genomics tools would provide molecular platforms to
start studying the molecular basis of very important and
significant biological phenomena, such as coral bleaching, the
effect of ocean acidification on reef corals and host/symbiont
regulation. However, in order to make sense with the gene
expression data very important technological issues involving
normalization in q-RT-PCR need careful attention.

Currently, there is no data available in regard what genes can
be used as housekeeping genes to normalize gene expression
data for cnidarian systems. We are proposing in this study
several housekeeping genes that were successfully used to
normalize gene expression data in cnidarian/algal symbiosis
experiments. These genes may also be tested as normalizing
genes in other coral/cnidarian gene expression studies. This is
currently very feasible, as these genes have also already been
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pulled out from the Nemastostella genome [31] and from the
Acropora millepora [32] coral EST project. Furthermore, the
gene expression of Beta-actin (our most stable housekeeping
gene) has also been shown to be stable in the coral A. millepora
under different thermal stresses (Seneca et al. in preparation).
These findings are promising and we then encourage other
researchers to test, under other different experimental scenarios
of interest, not only the three best-performing HKGs showed
here but as well the other three normalizing genes reported in
this study.
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