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Diatoms are unicellular algae, which due to their im-
portance for the global primary production and their 
cellular and genetic complexity, became popular sub-
jects of physiological and molecular biological research 
in the recent years. The increasing genomic infor-
mation gathered on diatoms since the last decade pro-
motes diverse analyses of their steady state RNA levels, 
which are commonly performed via quantitative real-
time PCR (qPCR), a technique which excels in sensitivi-
ty and dynamic range. Up to now there are only a few 
studies on suitable endogenous reference genes in 
diatoms. Such reference genes are crucial for any rela-
tive qPCR study and must feature stable transcript 
levels between all the investigated experimental condi-
tions. Therefore we expanded the data on suitable 
endogenous reference genes by thorough testing of ten 
potential genes in the model diatom Phaeodactylum 
tricornutum at light and time discriminate conditions. 
Stably expressed genes for these conditions will be of 
great use for any diatom study dealing with time and 
light dependent effects. Samples of algae grown in a  
16 hours low light photoperiod and dark transitioned 
cells were investigated over a period of up to 33 hours. 
A set of three endogenous reference genes was found to 
be stably expressed in a light and time independent 
manner: the TATA box binding protein TBP, the ribo-
somal protein S1 RPS and the hypoxanthine-guanine 
phosphoribosyltransferase HPRT. Other commonly 
used reference genes like actin, histone H4 or 18S ribo-
somal ribonucleic acid did not perform well and are 
thus unsuited for expression analysis in light or time 
dependent experimental setups. 
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Introduction  
Diatoms are widely distributed and can be found in nearly 
any aquatic habitat. This class of unicellular algae is esti-
mated to be responsible for a substantial part of annual 
global primary production (Nelson et al. 1995; Field et al. 
1998; Mann 1999). Diatoms distinguish themselves by their 
complex evolution. They derived from a secondary endo-
cytobiotic process, which gave rise to complex plastids 
possessing four envelope membranes (Wilhelm et al. 
2006). In this process two eukaryotic genomes were re-
combined creating a genetically complex chimeric cell. The 
complexity is even further increased by a high incidence of 
lateral gene transfer from bacteria (Bowler et al. 2008). 
While diatom research with molecular methods is a rapidly 
developing field of research, procedures which are well 
established for mammals, land plants or green algae, often 
have to be adjusted and optimised for use with diatoms. 
Quantitative real-time polymerase chain reaction (qPCR) is 
a powerful technique with high sensitivity and dynamic 
range for the quantification of specific RNA (Jung et al. 
2000; Pfaffl 2001; Huggett et al. 2005). There are different 
strategies for quantification ranging from absolute quanti-
fication utilising known amounts of artificial standard tem-
plates to using endogenous genes found in the sample as 
reference for a relative quantification of the genes (Pfaffl 
2001). One critical step of any relative qPCR is the identifi-
cation and verification of one or more endogenous refer-
ence genes. Ideally these genes have to be constitutively 
expressed independent of the sample source, conditions, 
time or cellular fitness, thus allowing normalisation of 
unknown genes and by this making them comparable to 
each other. In practice however, such perfect reference 
genes do not exist (Gutierrez et al. 2008). It is increasingly 
difficult to identify stably expressed genes the more adapt-
able and flexible the respective organism is. Naturally uni-
cellular organisms like diatoms have to be very adaptable 
to be competitive. Therefore the identification of suitable 
reference genes for the specific experimental setup of any 
relative qPCR study is essential (Vandesompele et al. 2002). 
Comprehensive literature available on similar studies re-
garding conditions and organism eases the selection of 
candidate genes. Nevertheless the suitability has to be 
verified for each individual experiment. For diatoms there 
is only scarce data on reference genes available to date. The 
recent sequencing of the whole genomes of the two diatoms 
Phaeodactylum tricornutum and Thalassiosira pseudonana 
(Armbrust et al. 2004; Bowler et al. 2008) is easing the 
investigation of gene transcript levels via qPCR in diatoms. 
Siaut et al. (2007) investigated a set of putative reference 
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genes in P. tricornutum and found the TATA box binding 
protein TBP (protein ID 10199 according to the P. tricornu-
tum genome database http://genome.jgi-psf.org/Phatr2/ 
Phatr2.home.html) and the ribosomal protein S1 RPS (pro-
tein ID 44451) to be most stably expressed under their 
chosen conditions. Alexander et al. (2012) identified actin, 
cyclophilin and several ubiquitin ligases as potential refer-
ence genes in the diatom Thalassiosira pseudonana via 
microarray analysis of cultures in continuous light with 
repletion or limiting supply of various nutrients (phos-
phate, Fe, phosphate+Fe).  

In this study we have expanded the available data on 
endogenous reference genes in diatoms by detailed anal-
yses of P. tricornutum cultures grown at specific conditions. 
Photoautotrophic organisms are strongly affected by 
changes in illumination. Therefore reference genes with 
stable transcript levels independent from light exposure 
and passing of time will be needed. For this reason we 
investigated putative endogenous reference genes in the 
model diatom P. tricornutum (strain UTEX 646) grown at 
20 °C in diel cycles of two different light conditions: a 16 h 
photoperiod of low light (45 μmol photons m-2 s-1) or tran-
sitioned into continuous darkness. 
 
 
Material and Methods 
 
Cell culture  
P. tricornutum (University of Texas Culture Collection, 
strain 646) was grown in semi-continuous airlift cultures at 
20 °C and 45 μmol photons m-2 s-1 in a light/dark cycle of 
16/8 hours. The cells were cultivated in f/2 enriched sea-
water medium (Guillard and Ryther 1962; Guillard 1975) at 
a final salt concentration of 50 % compared to natural 
seawater. The cells were adapted to these cultivation condi-
tions for at least 3 weeks before samples were taken. The 
experiments were timed to the mid-exponential growth 
phase of the cultures. Cultures were grown in duplicates. At 
the beginning of the experiment (shift from light to dark) 
one of the cultures was placed into complete darkness (DD) 
while the other culture maintained the light/dark cycle 
(LD). Samples were taken at different time points in paral-
lel over a period of up to 33 hours.  
 
RNA extraction  
Cells were harvested by centrifugation at 5000 g and the 
pellet was frozen in liquid nitrogen and pestled. Powdered 
cells were treated with an RNA extraction reagent (TRIzol® 
reagent, Life Technologies, Darmstadt, Germany) according 
to the manufacturer’s instructions. The aqueous phase was 
then purified to minimize DNA contamination using an RNA 
affinity spin column (RNeasy® spin column; Qiagen, Hilden, 
Germany). The amount of purified RNA was determined by 
UV absorption at 280/260 nm. To eliminate traces of ge-
nomic DNA, 3 μg of RNA per sample were treated with 
DNase (Ambion® TURBOTM DNase, Life Technologies, 
Darmstadt, Germany) slightly modified to the manufactur-
er’s instructions. The digestion was done with one unit of 
Ambion® TURBOTM DNase for 30 minutes at 37 °C after 
which a second unit Ambion® TURBOTM DNase was added 
and the samples were incubated for another 30 minutes at 
37 °C before DNase inactivation treatment. The RNA con-
centration of the DNase treated samples were determined 
by UV absorption at 280/260 nm. The performance of the 
applied genomic DNA minimising procedure was tested by 

exemplary qPCR analysis of cDNA of five different samples 
using a genome specific primer pair 
(HPRT_GenomicControl) binding at a nontranscribed ge-
nomic region near the investigated putative endogenous 
reference gene hypoxanthine-guanine phosphoribosyl-
transferase HPRT. No or only late background amplification 
was observed. The occasional observed late fluorescence 
increase was too weak to allow determination of Ct and 
efficiency and the corresponding melting curves were in-
consistent with a specific amplification of the possible 
genomic target.  
 
cDNA synthesis  
350 ng of DNA-free RNA per sample were reversely tran-
scribed without additional DNA digest using a reverse 
transcription kit (QuantiTect® Kit, Qiagen, Hilden, Germa-
ny) according to the manufacturer’s instructions. The re-
sulting cDNA preparations were diluted 2.5 times with 
nuclease-free water before use.  
 
Primer design 
Primers for qPCR were manually designed. Long repeats of 
A/T were avoided. G/C contents were kept between 40 - 
60 %. It was taken care that at least one, preferably two, 
bases at the 3 last positions of the 3’-end of the primers 
were either G or C. Primer lengths from 19-21 bp and am-
plicon lengths of 100-220 bp were preferred. Thermody-
namic melting temperatures (REviewer, Thermo Scientific,  
http://www.thermoscientificbio.com/webtools/reviewer/) 
from 58.5 °C to 64 °C were accepted. Primers were de-
signed to bind close to the 3’-terminus of the cDNA. The 
primer pairs were checked to avoid stable homo- and het-
erodimers as well as hairpin structures (REviewer, Thermo 
Scientific). Supplemental Table SI lists all primers used for 
qPCR. 
 
qPCR  
For quantitative Real-Time PCR an Abi7500 fast qPCR-
cycler was used. Quantification was performed by a stand-
ard fast 2-step qPCR protocol using a commercial SYBR 
Green analogon qPCR Master Mix (goTaq qPCR Master Mix, 
Promega, Mannheim, Germany) for specific low back-
ground amplification for fluorescent quantification (primer 
concentration: 450 nM; annealing/elongation temperature: 
57 °C). A single gene was quantified for all samples of one 
condition and experimental replicate per run. Measure-
ments of true sample replicates were conducted as five 
technical replicates of 1 μl cDNA each. Outliers were manu-
ally detected and omitted from further analysis, at least 
three technical replicates were used per sample. For quality 
control each run was accompanied by a corresponding no 
template control (NTC) and by post-run melting curve 
analysis.  
 
qPCR-analysis 
PCR-Miner  
Only raw fluorescence data obtained by the Abi7500 fast 
qPCR-cycler was used for further analyses. To determine 
crossing point (Cp) and primer efficiencies for each sample 
the freely available web-application PCR-Miner Version 3.0 
(http://www.miner.ewindup.info/) was used according to 
the author’s instructions and standard parameters were 
set, if not stated otherwise (Zhao and Fernald 2005). The 
applied algorithm determines Cp by using the second deri-
vation maximum (SDM) as comparable parameter of the
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curves. Live efficiencies are determined for every single 
sample by a complex and comprehensive curve progression 
analysis. These efficiencies are further incorporated into 
primer pair specific mean efficiencies for individual sam-
ples and for all samples of the run.  

Run-specific efficiencies (specific to culture conditions 
and experimental replicates) derived from all samples were 
considered for further analysis. In this way variations of 
PCR efficiencies, due to different culture conditions and 
variations in replica-measurements, were taken into ac-
count. Additionally, the calculation of efficiencies from 
larger subsets (one run) guarantees a high statistical rele-
vance, which would be poor if sample- or well-specific 
efficiencies were used. 
 
geNorm  
For identification of suitable endogenous references the 
program geNorm v3.5 (Vandesompele et al. 2002) was 
employed according to the author’s instructions. We tested 
a total of 10 putative endogenous housekeeping genes: 18S 
ribosomal ribonucleic acid 18S (56377), actin 2 ACT2 
(29136), cyclin dependent kinase A CDK A (20262), elonga-
tion factor 1 alpha EF1a (18475||28737), cytosolic glycer-
aldehyde-3-phosphate dehydrogenase GAP-DH 
(51128||51129), histone H4 (26896||34971), hypoxan-
thine-guanine phosphoribosyltransferase HPRT (35566), 
ribosomal protein S1 RPS (44451), succinate dehydrogen-
aseA SDHA (56677)and the TATA-box binding protein TBP 
(10199). Numbers in parenthesis behind genes/proteins 
correspond to the protein IDs of the Joint Genome Institute 
database “Phaeodactylum tricornutum v.2.0” (Bowler et al. 
2008). In cases in which a primer pair is able to bind to 
transcripts of multiple homologous genes, each corre-
sponding protein ID is given. A quick and small-scale analy-
sis helped to identify possible candidate genes. Subsequent 
detailed tests were run and suitability of the endogenous 
references for the experimental setup is demonstrated by 
taking all experimental samples into account for gene sta-
bility determination and comparing stability against select-
ed target genes of light associated metabolic pathways like 
the Calvin cycle (fructose-1,6-bisphosphatases FBPs (C1 
(42886), C2 (42456), C4 (54279)), plastidic glyceralde-
hydes-3-phosphate dehydrogenase GAP C1 (22122), phos-
phoribulokinase PRK (50773), small subunit of ribulose-
1,5-bisphosphate carboxylase/oxygenase RBC S (46871)), 
plastidic thioredoxins TRX (F (46280), M (51357), Y1 
(33356), Y2 (43384)) and of the antenna protein fucoxan-
thin chlorophyll a/c binding protein B FCP B (25172), also 
known as light harvesting complex fucoxanthin containing 
protein 2 LHCF2 (Lepetit et al. 2010).  
 
 
Results 
In this study endogenous reference genes in P. tricornutum 
cultured at two different experimental conditions: a simu-
lated day night cycle (LD) with a photoperiod of 16 hours 
low light (45 µmol m-2 s-1) and cultures which were transi-
tioned into complete darkness (DD) with the start of a 
regular dark period were investigated. Per condition sever-
al samples were harvested at defined time points (see de-
scriptions of individual experiments). The first night is 
comparable for LD and DD grown cultures, therefore a total 
time period of up to 33 hours was investigated to cover 
regular LD rhythm, dark transition and elongated darkness 
covering a full day. In order to establish qPCR endogenous 

reference genes for the selected P. tricornutum strain at our 
experimental conditions, we studied a total of ten potential 
endogenous reference genes successively by geNorm v3.5 
analyses (Figure 1), namely 18S, ACT2, CDK A, EF1a, GAP-
DH, H4, HPRT, RPS, SDHA and TBP. geNorm ranks genes to 
their ratio stability to each other over all samples, which is 
described by a so called M-value. The M-value was defined 
as the average pairwise variation of a particular gene with 
all other control genes (Vandesompele et al. 2002). Thus 
the lower the M-value the higher the ratio stability is. For  
 

 
 
Figure 1: Analysis of stable transcript ratios in P. tricornutum 
using the program geNorm. In successive analyses ten putative 
endogenous controls, namely 18S ribosomal ribonucleic acid (18S), 
actin 2 (ACT2), cyclin dependent kinase A (CDK A), elongation 
factor 1 alpha (EF1a), cytosolic glyceraldehyde-3-phosphate dehy-
drogenase (GAP-DH), histone H4 (H4), hypoxanthine-guanine 
phosphoribosyltransferase (HPRT), ribosomal protein S1 (RPS), 
succinate dehydrogenase A (SDHA) and the TATA-box binding 
protein (TBP) were analysed in time and light discriminate sam-
ples. The genes HPRT, TBP and RPS were found to have the most 
stable transcript ratios at the investigated experimental conditions 
(red marks). A: Small scale test of eight putative housekeeping 
genes with just four different samples (two time points, two condi-
tions LD & DD each). RPS, TBP, 18S rRNA and CDK A exhibit the 
most stable transcript levels, while ACT2 is clearly variable.  
B: Most of the observed expression instability resulted from ex-
pression differences occurring in the DD condition. Thus a smaller 
set of genes was tested in twelve dark samples taken at the DD 
condition every three hours starting with the transition into dark-
ness. The most stable genes of A and two additional putative en-
dogenous reference genes, namely HPRT and SDHA, were tested. 
HPRT, RPS and TBP show superior transcript ratio stability com-
pared to SDHA, 18S rRNA and CDK A at the DD condition. C: To 
demonstrate the suitability of HPRT, RPS and TBP as endogenous 
reference genes for a time dependent setting of LD and DD condi-
tions a geNorm analysis of these three genes and potentially co-
regulated target genes of light associated metabolic pathways, 
namely FCP B, TRX and several Calvin cycle enzymes (fructose-1,6-
bisphosphatases (FBP), plastidic glyceraldehydes-3-phosphate 
dehydrogenase (GAP C1)), phosphoribulokinase (PRK) and the 
small subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase 
(RBC S)), was performed. Triplicate sample sets of twelve samples 
per condition (LD||DD) were taken into account (total number of 
72 samples). 
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rapid screening eight of these genes were tested in a small 
scale experiment consisting of four different samples: LD 
and DD at 6 h and 15 h (Figure 1A). TBP, RPS, 18S and CDK 
A featured similar stability at the lowest M-values, while 
ACT2 apparently was highly regulated, based on the very 
high M-value. A detailed analysis of the data and additional 
tests revealed that the ratio variability of most genes re-
sulted dominantly from dark transitioned rather than LD 
samples (data not shown). Therefore the four most stable 
genes from 1A were analysed by geNorm together with two 
additional putative endogenous controls (HPRT and SDHA) 
in twelve samples of the DD condition that were harvested 
every 3 hours (Figure 1B). The genes HPRT, TBP and RPS 
show superior stability in DD compared to 18S, CDK A or 
SDHA. A detailed analysis of LD samples confirmed this 
transcript ratio stability (data not shown). For final demon-
stration that this set of reference genes is suitable for anal-
yses of LD and DD independent of time, the three genes 
were analysed together with a selection of potentially co-
regulated genes of light associated metabolic pathways, 
namely FCP B, TRX and several Calvin cycle enzymes (Fi-
gure 1C). For this analysis triplicate sample sets of twelve 
samples per condition (LD||DD) were taken into account 
(total number of 72 samples). At the tested conditions 
HPRT, RPS and TBP exhibited the most stable transcript 
ratios, while the investigated genes related to photosynthe-
sis feature generally higher variability, but at a broad range 
of stability. Some genes like FBP C2 or TRX Y1 exhibit rela-
tively stable expression ratios, while others like GAP C1 or 
FCP B show strong variability. 
 

 
 
Figure 2: Pure crossing point (Cp) data not including efficiencies 
on RPS, TBP, HPRT, GAP C1 and FCP B for LD and DD conditions 
reconfirm the result obtained by geNorm. RPS, TBP and HPRT 
feature stable transcript levels in LD and DD. Importantly there is 
no effect on transcript levels by transition into DD. All three puta-
tive endogenous reference genes are similarly abundant at average 
levels (roughly a Cp of 25) during the day and there is clearly no 
effect on levels by putting the cultures into darkness. Consistent 
with the geNorm data, FCP B and GAP C1 exhibit strong diurnal 
changes and FCP B demonstrates nicely the effect missing light can 
have on transcript levels.  
 
 

geNorm analyses are providing data of transcript ratios and 
not absolute Cp-values. Thus applying the geNorm algo-
rithm always bears the risk of bias by co-regulated genes. 
Additional monitoring of raw Cp for the samples is a good 
corroborative indicator for stable transcript levels (Figure 
2). RPS, TBP and HPRT show stable Cp-values of similar 
overall abundance in LD as well as DD. The levels are nei-
ther very strong nor very weak. For comparison highly 
variant FCP B and GAP C1 are shown as well. Both feature 
strong rhythmic changes in Cp over the day. FCP B tran-
script levels are clearly disturbed in DD compared to LD, 
when the cells would have experienced light in the LD 
condition.  
 
 
Discussion 
Endogenous reference genes are crucial for the analysis of 
relative qPCR data and have to be chosen for each organism 
and experimental setup individually (Pfaffl 2001; 
Vandesompele et al. 2002; Huggett et al. 2005; Bustin et al. 
2009). Furthermore it may be ill advised to rely on single 
endogenous reference genes as their stability is difficult to 
confirm and as they are generally more error prone than a 
set of multiple reference genes. The determination and use 
of multiple genes is therefore superior to a single gene by 
easing stability determination and balancing individual 
genes deviations from the optimum (Vandesompele et al. 
2002; Gutierrez et al. 2008; Bustin et al. 2009). A range of 
potential endogenous control genes for P. tricornutum have 
been tested by Siaut et al. (2007) for cells grown at 18 °C 
and a 12 h photoperiod with 175 μmol m-2 s-1 quantum 
flow. At these conditions, Siaut et al. (2007) determined 
TBP and RPS to be the most stable endogenous reference 
genes in P. tricornutum. TBP and RPS proved to be stably 
expressed at our conditions, as well. It should be noted that 
in our experiments, we used another P. tricornutum strain 
than Siaut et al. (2007). While we worked with P. tricornu-
tum strain Pt4 according to the nomenclature of De Martino 
et al. (2007), Siaut et al. (2007) state in their study that they 
generally worked with Pt1 and Pt8 (according to De Marti-
no et al. (2007)), without explicitly mentioning which 
strain(s) were used for the evaluation of endogenous refer-
ence genes for qPCR. This indicates that TBP and RPS might 
offer another advantage as endogenous control genes for 
qPCR, namely that they perform well in various strains of  
P. tricornutum. In addition we were able to identify HPRT as 
a third suitable gene for our experimental setup. This gene 
shows similarly low variations in transcript abundance as 
TBP, pairing even better with it than RPS. The other investi-
gated genes revealed a less stable expression. Especially at 
DD conditions, only the transcript levels of HPRT, TBP and 
RPS remained as stable as in the LD condition. The tran-
script ratio algorithm for stability determination by 
geNorm is inherently susceptible to bias by co-regulated 
genes. The algorithm is unable to discriminate between 
constant and equally changing transcript levels: both would 
result in a seemingly increased stability. By looking at the 
raw Cp data, a strong bias due to co-regulation of the refer-
ence genes can be excluded, as the Cp-values remain steady 
at around Cp 25 and no diurnal rhythms are discernible. 
HPRT, RPS and TBP transcript levels display clear insensi-
tivity towards light and this makes these endogenous refer-
ence genes very interesting for research on light dependent 
pathways. geNorm results indicate HPRT and RPS to be 
especially suited as reference genes in DD and may be es-
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pecially interesting for projects dealing exclusively with 
dark adapted cells. When taking LD into account, HPRT and 
TBP exhibit the most stable transcript ratios, indicating that 
they are the best reference genes for a mixed light and dark 
setup. However, we would strongly recommend using the 
triple set of HPRT, TBP and RPS to balance deviations from 
the optimum in the individual genes.  

In addition to plain model analyses of representative 
samples focusing on putative endogenous reference genes, 
it is very important to verify the stable expression of the 
determined endogenous reference genes in an actual exper-
imental setup of potentially co-regulated target genes, 
preferably the experimental data the endogenous reference 
genes are used for, a quality control which is often omitted. 
By demonstrating their stability even against potentially 
co-regulated genes of light associated pathways, which 
could easily bias the geNorm analysis, we were able to 
verify their suitability as set of endogenous reference genes 
for our experimental conditions.  

Interestingly, commonly used endogenous reference 
genes like the actin or 18S rRNA genes do not qualify as 
reference genes in P. tricornutum in LD and especially DD 
conditions. Alexander and colleagues (2012) found that 
actin may represent a suitable endogenous reference in 
another diatom, Thalassiosira pseudonana, when grown at 
14 °C under continuous light (120 μmol photons m-2 s-1) 
and different nutrient limited or repleted conditions. This 
emphasizes the need to verify any endogenous reference 
gene for a given experimental setup. However, when con-
sidering the proposed reference genes of their study it 
should be kept in mind that possible diurnal rhythms were 
not taken into account and that such diel rhythmic changes 
of transcript levels are very common in photoautotrophic 
organisms. Sampling at different times of the day thus may 
result in very different transcript levels introducing a po-
tentially strong bias. For an individual experiment in which 
harvesting times are enforced strictly it will pose no prob-
lem, but if this is not feasible by the experimental require-
ments errors may be introduced. Thus when proposing a 
gene as general endogenous reference, time independent 
expression should be verified.  

Our data suggests 18S to be a possible candidate refer-
ence gene for the LD condition, but there are some general 
problems with using ribosomal RNA as endogenous refer-
ence. One problem is an observed variability of the 
rRNA:mRNA ratio between samples (Spanakis 1993; Han-
sen et al. 2001; Huggett et al. 2005) making it questionable 
to use rRNA as reference for mRNA. A further pitfall of 
using 18S is its high abundance. This results in a generally 
better apparent stability, as small absolute changes in tran-
script levels have a low impact on its Cp, but at the same 
time it decreases sensitivity. Normalising weaker expressed 
genes with highly abundant genes like 18S becomes in-
creasingly error prone, a problem which is often additional-
ly boosted by limited signal linearity of the used master 
mix. Using very weakly expressed genes as reference in-
stead will highly increase overall sensitivity at the cost of 
increased variability between samples. It is thus recom-
mended to use reference genes, which are similarly abun-
dant as the target genes (Cappelli et al. 2008). The refer-
ence genes HPRT, TBP and RPS determined in this study all 
feature moderate expression levels. Consequently the 
trade-off between sensitivity and variability is balanced in 
these genes, qualifying them as suitable endogenous refer-
ence genes for most applications.  
 

Conclusions 
RPS and TBP have been shown to be good endogenous 
reference genes over the diel cycle in at least two different 
P. tricornutum strains grown in different light regimes and 
even in darkness. It can be assumed that these genes are 
well suited candidates for endogenous reference genes for 
qPCR in all P. tricornutum strains regardless of photoperiod 
and quantum flow. HPRT is featuring an even more stable 
expression with TBP than RPS in our experimental setup, 
while comparable data from other strains and conditions is 
missing and thus universal applicability cannot be assumed 
yet. Nonetheless all three genes may pose interesting can-
didate genes for expression studies addressing light and 
time dependent gene analysis in diatoms in general and in 
other algae, as well.  
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Table SI: Primers used for qPCR 
Gene Abbrev. Protein ID 

(JGI1) Primersequence 5'→ 3' Amplicon 
Length [bp] Tm

2 Reference 

18S ribosomal RNA 18S 56377 
for TGCCCTTTGTACACACCGC 

101 
63.07 °C   

rev AAGTTCTCGCAACCAACACCA 62.93 °C   

actin 2 ACT2 29136 
for CGCCTCAATCAAGGTCAAGAT 

133 
60.90 °C   

rev GCCAGATTCGTCGTATTCTTC 59.60 °C   

cyclin dependent kinase A CDKA 20262 
for GAAGCCGATCAATTGGATCGA 

213 
61.10 °C   

rev CGTGATTCTCCTAGCTGGATC 60.40 °C   

elongation factor 1A EF1A 18475||28737 
for GATCTCCAACGGATACTCTCC 

202 
59.80 °C   

rev GGGGAAATCGGTAAAGCTCTC 61.20 °C   

fructose-1,6-bisphosphatase C1 FBP C1 42886 
for GTGCCAATAGGAATGGCAAAC 

215 
61.59 °C   

rev GTTGTCGTCGTCGCTGTAGTA 59.01 °C   

fructose-1,6-bisphosphatase C2 FBP C2 42456 
for ACTGTCAATTCATGGCGTGAA 

159 
61.49 °C   

rev CAAGCGAAGCTTACCAATGGG 64.00 °C   

fructose-1,6-bisphosphatase C3 FBP C3 31451 
for CGCTAGATGAGACTATCGGTG 

210 
60.20 °C   

rev GATGGACATCCCCTACCATAG 59.50 °C   

fructose-1,6-bisphosphatase C4 FBP C4 54279 
for AAGCATTTGTACCGGAACAGT 

201 
58.64 °C   

rev TGCACTGATTCTCCCAATGTA 59.14 °C   

fucoxanthin-chlorophyll a/c 
binding protein B (also known as 

LHCF2) 
FCP B 25172 

for GCCGATATCCCCAATGGATTT 
177 

64.03 °C 
Siaut et al. 20073 

rev CTTGGTCGAAGGAGTCCCATC 63.20 °C 

cytosolic glyceraldehye-3-
phosphate-dehydrogenase GAP-DH 51128||51129 

for ACGGCCGATGTTTCTATGGT 
100 

61.65 °C   

rev ATCGGTCCTTCTGACGCCTT 63.34 °C   

plastidic glyceraldehyde-3-
phosphate dehydrogenase GAP C1 22122 

for CCAAGTCCGAGGGTGAAATG 
101 

62.74 °C   

rev GGCATCAAAGATGGAGGAGC 62.05 °C   

histone H4 H4 26896||34971 
for AGGTCCTTCGCGACAATATC 

151 
59.70 °C 

Siaut et al. 20073 
rev ACGGAATCACGAATGACGTT 59.90 °C 

hypoxanthine-guanine phospho-
ribosyltransferase  HPRT 35566 

for AGCTTGGAAGTGTGTACTCTC 
194 

59.90 °C   

rev TGAAGGTTACTCCTGTCGAAG 59.60 °C   

phosphoribosyltransferase PRK 50773 
for CCGGAATCAAGCTCGCATACT 

204 
63.69 °C   

rev GACCGGTACCATTGTTGGATC 61.38 °C   

ribosomal protein S1 RPS 44451 
for AATTCCTCGAAGTCAACCAGG 

173 
60.50 °C modified from  

Siaut et al. 20073 rev GTGCAAGAGACCGGACATAC 60.70 °C 

ribulose-1,5-bisphosphate 
carboxylase/oxygenase small 

subunit 
RBC S 46871 

for CTCTTGTCGTACAATCAACGC 
218 

60.30 °C   

rev TGCAATCGATCTTCCAGAGAC 60.40 °C   

succinate dehydrogenase A SDHA 56677 
for TTGGTAGCATTGCCGAACTC 

210 
60.70 °C   

rev TGTTCCACACCAGAGACTTG 59.60 °C   

TATA box binding protein TBP 10199 
for ATCGATTTGTCAATCCACGAG 

213 
59.00 °C   

rev ATACAGATTCTGTGTCCACGG 60.00 °C   

thioredoxin F TRX F 46280 
for GCAAGGTCATTGCTCCCAAGT 

171 
63.71 °C   

rev CGACGTCCACTTTCTCACCAT 62.43 °C   

thioredoxin M TRX M 51357 
for GGCGTCGTGAGTATACCCACT 

138 
61.33 °C   

rev AGCACCGTACCTGGACAATGT 61.76 °C   

thioredoxin Y1 TRX Y1 33356 
for TATGCGACTTGGTGCGGA 

212 
62.42 °C   

rev ACAGCCCGTGCTCCTACA 60.43 °C   

thioredoxin Y2 TRX Y2 43384 
for ATTGCGGTCCATGTAAATTGC 

194 
61.95 °C   

rev CTTCGTCAGGCCTTCAAGTCT 60.94 °C   

HPRT_GenomicControl HPRT_GC N/A 
for TCGCTTCTCTTCGATTATGC 

182 
57.90 °C   

rev GGTACTTTGACACGCCAAG 58.50 °C   
1 Joint Genome Institute (http://genome.jgi.doe.gov/Phatr2/Phatr2.home.html) 
2 Thermodynamic melting temperatures according to Thermo Scientific REviewerTM (http://www.thermoscientificbio.com/webtools/reviewer/) 
3 Siaut M, Heijde M, Mangogna M, Montsant A, Coesel S, Allen A, Manfredonia A, Falciatore A, Bowler C. (2007) Molecular toolbox for studying diatom biology in 
Phaeodactylum tricornutum. Gene. 406:23-35. 




