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1 Abstract

Even relatively modest expression changes can have significant biological effects. To quantify
such low expression changes the gold standard reverse transcription quantitative real-time
PCR (RT-qPCR) has to be combined with accurate normalisation. Successful application of
this technique relies on the careful selection of reference genes for normalisation. Tissue wide
expression profiling necessitates reference genes similarly stably expressed in every tissue
resulting in only a small proportion of genes with a moderate stable expression. This trade-
off for expression stability is expected to cease when profiling is being addressed in a specific
tissue.

In this work reference genes for expression profiling in a specific tissue was studied for the
small intestine of mice. Candidate genes were identified by a meta analysis of microarray RNA
expression data of internal and publicly available microarray data. Jejunum samples of one
outbred and three inbred strains were used to validate 15 candidates by RT-qPCR. The genes
Plekha7, 6430706D22Rik, EG666853 and Zfyvel9 were identified as the most suitable internal
controls with least expression variance of <(0.8-fold. They exhibited a similar expression
alteration as QOazl, but a lower one compared to the B1 and B2 element retrotransposons
recently introduced for tissue wide normalisation. This low variance determined for the
novel tissue-specific reference genes is superior to the expression stability value identified by
GeNorm software previously found for novel reference genes identified by a tissue wide multi
platform meta analysis. The high stably expression of the jejunal reference genes suggests
that they are involved in tightly regulated pathways in this specific tissue. The functional
diversity of these normalisers allows to survey target gene expressions over a wide range of
biological conditions and stimuli. Additionally the meta analysis approach was also applied
on the other sections of the small intestine and the small intestine as a whole.

The enhancement of normalisation accuracy achieved by expression data meta analysis in
a specific tissue underlines the potential for improvement of normalisation strategies in other
tissues. The novel reference genes being subject to functional constraints indicated by their

highly stable expression are promising targets for future functional analyses.



2 Introduction

Even relatively modest expressionchanges can have significant biological consequences, as
seen for the tumor suppressor gene APC, in which a 50% change in gene expression can lead
to development of familial neoplasia [67]. Due to its large quantification range, sensitivity
and specificity RT-qPCR is the method of choice when the amount of mRNA has to be
determined and is used in a wide variety of experiments. However to reach optimal results
data normalisation is of critical importance for RT-qPCR. To address this a lot of different
methods were invented. When RT-qPCR was introduced, the first generation of reference
genes consisted of reference genes like HMBS (PBGD), GAPDH, 185 rRNA, 285 rRNA,
ACTB or a number of ribosomal protein genes [12] were used for normalisation. Like every
gene, these 1st generation normaliser genes are affected by a number of stimuli |75, 69| and
several studies have shown that the genes commonly used for normalisation are differently
expressed in different tissues, or show generally high level of variance [64, 76]. Still today
reference genes are often incorrectly referred to as housekeeping genes . Later, multi-gene
normalisation methods became the standard approach in normalising RT-qPCR and are still
the standard approach today [79]. This approach used various mathematical algorithms
like the software tool BestKeeper [58], to merge a set of reference genes into an reference
index. Initially these methods were used in conjunction with first generation reference genes.
However the development of software tools, like GeNorm [79], NormFinder [3], Global Pattern
Recognition [2| or Equivalence tests [28], enabled scientists to find the best suited genes for
normalisation among the genes used in their study. Yet, especially for GeNorm, the most
widespread, because user friendly, tool, the usability is often disputed [3, 12, 22, 18], because
the algorithms preference for coregulated pairs of genes. Furthermore these approaches need
the incorporation of prechosen reference genes in a low or medium density RT-qPCR study,
although they might proof to be of no value to the experiment post hoc, binding biological
and financial resources.

In the last century finding valuable reference genes was more or less luck based, as
genome wide information on gene expression was scarce. Publicly available microarray
databases, like Gene Expression Omnibus (GEO) [5] or ArrayExpress [52| or derivatives
from thereof like Genevestigator [32] or A-MADMAN [10], have changed this and made
it possible to use meta analyses to gain valuable information from a large number of al-
ready existing microarrays. Commonly these meta analyses are used to search for dereg-
ulated genes. Yet in the mid of the last decade meta analyses were also used to identify
genes not deregulated by the experimental conditions [15, 17, 25, 43, 68, 92|, compar-
ing thousands of microarrays at once. A comparison of microarray studies is depicted in

tab. 1. Basic principles used were similar to some extent using some statistical or math-



ematical models to rank the genes. For example, the relinquishment not to weighten the
used experiments for biological importance addressed, the number of samples used per
experiment or for the platform used. Indications regarding the stability of the expres-
sion levels of specific genes in model organisms may be acquired from the data compiled

in public microarray databases.

However, this approach raises

several challenges. One of public
microarrays

those is the reliability of using

indicators of the stability of ~ internal
log2 transformation microarray data set

normalisation
standardisation

genes expression levels derived

by averaging values obtained

from large numbers of samples
collected under widely varying harmonised data

experimental conditions. As

microarrays generate an aver- remove genes targeted
. . by <50% of arrays
age signal from different num-

bers of probes, targeting dif-

ferent splice variants and the commonly et
. . targeted genes
possibly from cross reactions, N\

microarrays and RT-qPCR do SR eHeE by CU% [ pval

: _ exclude top 90%
not correlate in 13 16% of the statistics for remaining 10%

genes [16] and differ in their S |
accuracy [27]. . However as caniis fieEiased on
for the time this work was con- p value

ducted all meta analyses to

find reference genes were done
Figure 1: Flowchart of the methodology of the meta analysis

to find new reference genes giving a short introduction in the
method used.

using a single microarray plat-
form. The multi platform ap-
proach was first established for
the finding of differentially expressed genes. Only recently different microarrays were used
for the finding of reference genes [39]. This might be attributed to the difficulties of merg-
ing different microarray platforms in a meta analysis, be it for differential expression or not
[31, 37, 62]. However laboratory specific influences on experiments also influence meta anal-
yses on a single platform, although presumably to a lesser extend [72|. In recent days the
development of on-line meta analysing tools, like A-MADMAN [10] and PHOENIX |[8] has
started.

As each tissue is subject to different functional constraints, they express specific sets of
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genes |59, we therefore hypothesised that reference genes should be searched and used in
a tissue-specific manner. We therefore conducted a meta analysis aiming to find specific
sets of reference genes for the three segments of the small intestine of mice. Because of
the small number of microarrays of one platform available for the different sections of the
small intestine, a multi platform approach was chosen. We also included a set of microarrays
from an internal study, testing the effect of genetically modified MON810 maize on the small
intestine of mice in vivo. This maize contains both artificially introduced resistances to the
broad-spectrum herbicide RoundUp (Monsanto, St. Louis, USA) and the european corn
borer larvae (Ostrinia nubilalis). The latter is mediated by the crystal protein CrylAb of
Bacillus thuringensis. CrylAb was reported to bind to the mucosal surface of the mouse
intestine and to induce in situ temporal changes in the electrophysiological properties of
the mouse jejunum [81]. It can not be excluded that each sample analysed in this internal
microarray data was not generated at the same time of day. Here I summarise molecular
indication supporting the assumption that sampling was not in accordance with exclusion of
circadian clock effects. The circadian clock system, altering a large percentage of the cellular
transcripts (>8-10%), but not uniformly across tissues [73]. If not controlled for it, the
circadian clock system can be a major pitfall for a study, rendering the data meaningless,
as shown in this work, as the expression alterations could not be allocated to the stimulus
studied. Still this internal data set was valuable for the conducted meta analysis and aided
us in the finding of a new sets of reference genes for the jejunum and the small intestine,

enlarging the number of reference genes derived from different pathways for these tissues.
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3 Results

The effect of genetically modified maize (Mon810 x NK603), expressing the crystal toxin
CrylAb of Bacillus thuringensis and the herbicide resistance inducing protein (Epsps) of
the Agrobacterium tumefaciens strain CP4 ,on the outbred mouse strain OF1 was studied.
Two experimental designs were chosen. In the multi generation study (MGS), usually at least
three generations of the test organism are exposed to the substance being assessed. The other
study design featured a risk assessment using continuous breeding (RACB) design, investigate
midterm effects caused by repeated reproductive stress . Mon810 x NK603 mice feed (feed
group G) was tested against isogenic NK603-maize (feed group K), featuring glyphosate
resistance and an other conventional maize (SARASTRO) (feed group A) as control samples,
in the MGS, in the RACB SARASTRO-maize was neglected. After the feeding studies were
completed samples of the jejunum of each 12 male and female mice were taken, in RACB
scrape samples of all tested parental female mice were also taken. For the MGS mice of the
3rd generation (F3) were sampled at the age of 7 weeks, for RACB mice of the 3rd litter
of the tested pairs were sampled 7 weeks after birth(3rd F1),and FO mice were sampled 26
weeks post natum.

Nine male mice samples of the MGS were used in an other study for microarray analysis
[9]. Based on this microarray data micro fluidic cards (TLDA) were designed, targeting 45
genes derived mainly from protein metabolism with putative altered gene expression on the
microarray (p < 0.05) and three first generation reference genes (see supplementary tab. 10).
For the MGS six male mice of all three feeding groups were examined by TLDAs. For the FO
of the RACB six male mice of each feeding group and three female mice of each group as well
as three scrape samples of female mice of both groups were analysed. Four sample of groups G
and K were tested in the 3rd F1 of the RACB. The crossing point (C,)of the resulting plots
was determined using SDS 2.3 software. REST [57], featuring a very stringent statistic,
was used to analyse the differential gene expression between the individual groups. For
each experiment the usability of genes for normalisation demonstrated was by GeNorm [79]
ranking and the number of normaliser genes need for best results determined. BestKeeper
[58] was used to calculate an artificial normalisers gene for each experiment. For REST
analysis an efficiency of 1.0 was assumed for all genes [4].

Unexpectedly, several target genes placed higher in GeNorm analysis than than the ref-
erence genes included in the TagMan assays [9] (Fig.2A). Further GeNorm analysis of the
other experiments showed similar results (Fig. 2b)

MGS samples of 185rRNA (0.74-fold change), Fkbp5 (3.73-fold change), Igtp (0.33-fold
change), Per3 (3.29-fold change), Pnpla3 (0.26-fold change) and Socs? (0.59-fold change)
were differentially expressed (p=0.05), when the effects of feed G was compared to both

11



Table 2: Fold change of the individual genes in the different experiments. Blue, green and
yellow colored boxes indicate a p value below 0.001, 0.05 or 0.055, respectively, determined
by REST. 18S rRNA deregulation shows the inadequacy of first generation reference genes

MGS RACB(F0) MGS,

G G G B MGS and | RACB(FQ)
compared | compared | compared | compared G compared to K RACB(F0) | and RACB
to K and B fo K o B fo K 3rdF1)

Jejunum Jejunum Jejunum Jejunum Jejunum Scrape | Jejunum Jejunum

= g g = 2 o) . 28 28

18STRNA 074 073
Cd40 0.48 0.64 0.69
Cd6s 0.65
Csfar 0.51
1.87 1.61
0.55
0.29 434 2.36 2.08
0.45 0.53

feeds K and A. Fkbps (2.94-fold change), Igtp (0.26-fold change), Pnpla3 (0.23-fold change)
and Socs! (0.54-fold change) showed significant fold change (p=0.05) when Feeding group G
was compared to isogenic feeding group K. The comparison of group G and A revealed larger
differences (18SrRNA (0.73-fold change), Cd40 (0.48-fold change), Cd68 (0.65-fold change),
Fkbp5 (4.42-fold change), Per3 (5.83-fold change), Pnpla3 (0.17-fold change), and Socsl
(0.61-fold change)(p=0.05) furthermore Igtp (0.38-fold change) was bordering to significance,
showing a p-value of 0.055). It has to be noted that 18STRNA was initially included as a
reference gene. Comparison of feed group A and K showed that Per3 was downregulated in
group A by 0.29-fold.

RACB(F0) samples of male mice showed deregulation of Fozq! (0.55-fold change) and
Per8 (4.43-fold change) (p=0.05). Only Csf3r was downregulated 0.51-times (p=0.05) in
the scrape sample of female mice in the RACB2, no gene was found to be deregulated in the
whole jejunum sample

None of the 47 genes under investigation was found to be changed in the 3rd F1 generation
of the RACB experiment.

When data of both male and female mice from the MGS and RACB(F0) was pooled,
expression of CD40 (0.64-fold change), Fkbps (1.87-fold change), Per3 (2.36-fold change)
and Pnpla3 (0.45-fold change)(p=0.05) were altered. Addition of RACB(3rd F1) led to the
same results, although the fold-changes found were slightly reduced (CD40 (0.69-fold change),
Fkbp5 (1.61-fold change), Per3 (2.08-fold change) and Pnpla8 (0.53-fold change))(p=0.05).

As noted before we found that genes not commonly used for normalisation and shown for

the MGS found to be deregulated by other experimental techniques were ranked
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higher as normalisation genes by

GeNorm than the first generation A set of reference genes for

normaligation in:
reference genes used on the TLDA.

This indicates the potential exis-
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genes in each of the four meta analyses contained exclusively novel genes, not found before
by other transcriptome wide meta analyses across a wide range of tissues and experimental
conditions.

Next we asked whether a section-specific, optimised set of normaliser genes can be com-
posed. From each gene list constituted for the duodenum, jejunum, ileum or the small
intestine, the top five genes were selected and their CV%s were crosswise compared in all
analysed tissue sections (Fig. 3).

The minimal CV% for 13 of the 15 genes selected from the list of the duodenum, jejunum
and ileum was found in the section they originated from. The exceptions were two gene/EST
sequences (1200016E2/Rik and Doc2b) derived from the lists of the jejunum and ileum
respectively.

Most evaluated genes are expressing a wide range of CV%s in the tested tissues, indicating
a high variability in gene expression in different tissue sections, for the tested genes. This
gives evidence to the hypothesis that tissue section specific normaliser genes should be used.

In the meta analysed small intestine list however, in contrast to results of the tissue specific
meta analyses, crosswise analysis showed that none of the five genes had its minimum CV%
in the tissue it originated from. We do not think that this is in contrast to our prior findings,
as a set of tissues was investigated, and only genes with low CVs in all other tissues were likely
to show up as normaliser genes for the small intestine. This is supported by the generally
lower differences between the CVs observed for the potential normaliser genes in the small
intestine compared to the other tissues.

The top 16 genes ranked by meta-analysis of microarray expression data in the jejunum
were exemplarily further analysed by RT-qPCR. Out of these Igh (Immunglobolin Heavy
chain) was excluded, because of its susceptibility to immunological responses and the chal-
lenges raised by site-directed DNA rearrangement, known as VD(J) recombination, for assay
design. Three genes listed top in a large meta-analysis data set of murine microarrays from
multiple tissues and one B element (Huggett and Vandesompele, unpublished), a transcribed,
repetitive genomic sequence, were included in addition.

mRNA profiles of one outbred and three inbred mouse strains were monitored by RT-
qPCR, representing the gold standard technique for measuring RNA expression. Considering
that meta-analysis as well as RT-qPCR data were derived from a wide range of nuclear
genetic backgrounds the congruence the ranges of the expression changes measured with the
two techniques could be demonstrated (tab. 4). A detailed list of the genes ranked by their
variation in RT-qPCR is presented in Table 4.

The very low fold-changes down to 1.4 and M values down to 0.135 (tab. 4), the identifi-
cation of new stably expressed genes (Plekha7, 6430706 D22Rik", Ube2vl /EG666853, Zfyvel9

IMSOAR software [26] appoints HJRP as the human orthologous gene of 6/80706D22Rik
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Table 4: The rank of reference genes based on their differential expression found by RT-qPCR,
compared to the results obtained by the meta analysis.

Microarray Data gRT-PCR
Median Ct Gene ontology
Log2 Median Fold (calculated to Fold term (GO
Gene Symbol | Accession Number | Fluorescence | Deregulation 100% Eff.) Deregulation | M value number) Chisq Rank
Plekha7 NM_172743 1.31+0.05 0.35 26(23)10.13 0.44 0.240 not available 0.19 1
6430706022 0034050
fik XM_001005388.1 1.6240.16 0.66 26(22)+0.22 0.77 0.274 0034509 0.26 2
i
0007059
0043687
Ube2vl NM_023230.2 2,1240.013 0.56 31(24)+0.22 0.78 0.245 0.12 3
0051246
Zfyveld NM_028054.2 1.5240.13 0.65 27(24)+ 0.2 0.79 0.135 not available 0.07 4
Tspanls NM_157556.2 2.5240.19 0.54 23(22)+0.25 1.06 0.135 not available 0.32 ]
Zfps98 NM_183145.1 2.08+0.14 0.67 25(22)+0.37 1.26 0.252 not available 0.26 6
0007420
0006810
Atpev0dl NM_013477.3 2,3240.11 0.47 24(21)+0.35 1.40 0.202 0006811 0.07 7
0015586
0015552
Fbinl NM_010180.2 2.3340.38 1.55 25(17)£0.39 1.48 0.314 0030133 0.00 8
Tmemldc NM_025387.3 2.710.45 2.36 24(20)+0.41 1.64 0.335 0006783 0.01 5
1200016E24R
ik XM_001472371.1 2.02+0.25 1.18 24{19) + 0.68 2.17 0.391 not available 0.71 10
i
Al314576 NM_207219.3 1.14+0.13 0.53 25(19) £ 0.55 2.32 0.363 not available 0.15 11
2310&16K01R NM_027172.2 2.78+0.38 1.62 25(19)+0.72 2.66 0.483 0034605 0.03 12
i
B3gni3 NM_028185.3 2.2740.38 1.45 27(23)£0.93 2.97 0.576 0006486 0.00 13
LOCB30725 XM_504332.3 2.6310.29 1.02 23(20)£0.77 2.38 0.435 not available 0.01 14
0008152
Hadhb NM_145558.1 3.27+0.23 1.12 23(20)+0.88 3.50 0.525 0006631 0.04 15
0006635

Median Ct gives an indication of the range the tresheld cycle can be expected.

Only GO numbers of the processes the protein is involved in are given for detailed information see http://www . ebi.acuk/QuickGO
Biclogical pathway gives the biological pathway the gene is involved according to PANTHER (Thomas et al. 2003)

M values as determined by GeMorm software
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Figure 4: Relative C4 of 15 potential reference genes in comparison to one first generation
reference gene, three reference genes suggested by [17] and two B-elements (Huggett and
Vandesompele, unpublished), in 3 different mouse strains and 4 different feeding regimes.

and others) and their derivation from differential biological processes display the usability
of our approach to find uniformly expressed genes. One gene showed very stable expression
across samples, but deviated in expression in one outbred sample. We assume that this is
caused rather by genotype than by a technical issue (Fig.4).

In summary, RT-qPCR has supported reasonability of our meta-analysis protocol. It
demonstrated that even a transcript that is altered in its expression at a common set of
microarrays analysed in this study can fall within the ranges of acceptable variation measured
by RT-qPCR.

Next we used meta-analysis to select a toolbox of potential reference genes for the use
in expression studies of intestinal samples beyond the jejunum. (see above), further sets of
microarrays were meta-analysed to find new genes stably expressed in the duodenum, ileum

and the whole small intestine.
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The numbers of genes above the threshold of significance (p = 0.05) determined by meta-
analysis of the ileum (n = 14) and the jejunum (n = 10) were comparable. However, neither
of the 15 genes ranked top in the jejunum appeared among the top 100 of the respective ileum
data. This can be attributed to the large number of target genes, the diversity of biological
issues addressed by the study set and the impact of an individual array given the limited
number of samples microarrayed.

In contrast, in the meta-analysis performed for the duodenum a much larger number of
genes were found to be above the significance threshold (n = 123). This is not surprising
considering that the duodenum is adjacent to pancreas, a tissue with an abundant set of
different RNases, presumably caused by reduction of the accuracy of the measurement. Like-
wise, neither of the 15 genes ranked top in the duodenum listed among the top 100 of the
respective jejunum or ileum data.

All four meta analyses performed identified genes from different biological processes .
Thus they constitute a valuable set of new genes allowing a multigene normalisation strategy
in RT-qPCR expression studies.

However the results also show that microarray-data and qPCR-data are only comparable
to some extend when it is looked for small changes (< 2-fold) in gene expression. While the
microarray data is correlating with the qPCR data, the quality of genes as normaliser genes
can only be determined by qPCR. Therefore verification of meta analysis-data in conjunction
with normaliser genes is mandatory.

In contrast to other findings our study showed that genes from mostly different pathways

can be found.
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4 Discussion

This study started from an internal data set |9] of a circadian clock non-controlled microarray
profiling experiment addressing a genetically modified maize diet in a MGS setup. In addition
to reporting the day time of an experiment (as requested [65]), the randomisation of sampling
is necessary to exclude circadian clock-based influences.This type of expression regulation
affects about 8 to 10% of the genes expressed in a cell, shown to be tissue specific for a
number of tissues ( [50, 73]).The fact that sampling was not randomised and that the time
and order of sampling was not specified does not allow to associate the deregulations found
with either the diet and/or the sampling time/order.

This theory was supported by RT-qPCR low density array data obtained for a set of
genes selected from the top biological processes ranked by overrepresentation analysis of the
microarray data (see supplementary tab. 8).

Altogether, all RT-qPCR analyses performed for MGS, RACB or a combination of both
showed a total of ten altered genes. Five of those were reported in conjunction with circadian
clock-expression(Per3, Socsl, Fkbps, Foxql, Pnpla3) ( |63, 49, 80, 45]). This indicates the
influence of the circadian clock system on the experiments. Considering the still missing
transcriptome-wide expression data for the intestine, it can not be excluded that some of the
remaining 38 genes are also under a different circadian clock phase and/or amplitude.

PANTHER analysis of the microarray data showed the highest significance for the cir-
cadian clock system in two out of three comparisons done and was most obvious in the
overrepresentation analysis performed between G and A groups (see supplementary tab. 8),
but not significantly deregulated in the third (G compared to K) [9]. This probably indicates
that feed groups G and K where sampled at a similar point in contrast to A. The higher
significance in the comparison of A and K (p=6.4E-06) compared to G vs both controls
(P=2.0E-0.3) supports this argumentation line. However these indications do not rule out a
possible effect caused of the diet.

Although all genes assayed by RT-qPCR (except the first generation reference genes used)
were shown to be deregulated on the microarray, only 10 genes were altered in RT-qPCR
(Tab.2). The generally low number of significantly deregulated genes is partly attributed to
the fact that the statistical test used for TagMan array analysis (Pair Wise Fixed Reallocation
Randomisation Test ( [57])) is more stringent than the Welch t-test (not assuming an equal
variance between samples) used for the analysis of the microarrays.

To show the effect of statistical test stringency on the significance value, I exemplarily
calculated the differences in feed group G compared to the controls using a heteroscedastic
student’s t-test with a low stringency and comparing them to the results obtained by the

more stringent Pair Wise Fixed Reallocation Randomisation Test. P values gained by the
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Table 6: Statistics for deregulated genes of the TagMan array profiling data

continuation

p-value | p-value p-value | p-value
Gene Gene
(PWFRRT)| (t-test) (PWFRRT)| (t-test)
185 0.007 0.002 Rgs6 0.775 0.199
2610525C Rpl22 0.767 0.454
04Rik 0.530 0.112 Sgta 0.887 0.352
Bmyc 0.810 0.418 Shel 0.883 0.340
Aatf 0.276 0.030 Sntb2 0.392 0.046
Bcar2 0.320 0.019 Socs] 0.009 0.004
Btla 0.495 0.276 Stat5h 0.750 0.495
Cenh 0.784 0.181 Trim47 0.832 0.431
Cd40 0.102 0.034 Ugcgl2 0.669 0.429
Cd6s 0.212 0.095
Clk3 0.879 0.174
Csf3r 0.424 0.262
Dnajcl 0.554 0.085
Eef1b2 0.331 0.024
Eef2k 0.086 0.008
Elmo2 0.389 0.272
Fhxw?7 0.330 0.250
Fkbp5 <0.000 <0.000
Foxgl 0.092 0.015
Ggal 0.843 0.138
Gsk3b 0.520 0.053
Gspt2 0.533 0.053
Herc2 0.988 0.320
Hmg20a 0.793 0.399
Hprtl 0.944 0.330
Ift140 0.345 0.039
Igtp 0.001 0.005
Irsl 0.475 0.083
ltgas 0.277 0.212
Kif3 0.511 0.358
Mapk10 0.507 0.369
Nphp1 0.573 0.401
Nirk2 0.709 0.414
Per3 0.001 <0.000
Pnpla3 <0.000 <0.000
Prkcn 0.731 0.434
Psmc3 0.209 0.132
Pumil 0.913 0.229
Rampl 0.445 0.065
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student’s t-test were lower or equal to the ones received by the Pair Wise Fixed Realloca-
tion Randomisation Test and more than twice as many genes were deregulated significantly
(n=17 p<0.05) (tab.6). For two thirds of the genes deregulation was found by microarray
analysis but not by RT-qPCR. This could be explained by the different number of target
genes assayed (33012 vs. 46+1)

Furthermore (as noted earlier) we found genes significantly altered in a microarray ex-
periment to be better suited for normalisation than the first generation genes included in the
TagMan array. Therefore we performed a meta analysis of public and own RNA expression
microarrays of the duodenum, jejunum, ileum and the entire small intestine to find new genes
for normalisation of RT-qPCR and increase the number of pathways and processes (GO cat-
egories) they are assigned to. Briefly, we removed genes targeted only by less than half of
the experimental microarrays, calculated the CV of the remaining ones, and listed the top
ten percent genes based on a p value calculated using the parametric Wald test. Finally, the
reasonability of the meta analysis approach was demonstrated by RT-qPCR quantification
in the jejunum (tab. 4).

The meta analysed expression data sets for the duodenum, the jejunum, the ileum and
the small intestine showed very little overlap regarding the top ranked genes. Furthermore
Fig. 3 shows that the CV of most of the top five genes for a specific section of the small
intestine had their lowest CV of all surveyed sections in the section they where found to be
useful as normaliser genes. However in the meta analysis done for the whole small intestine
this was not true. We believe that this is because of the need to find genes evenly expressed
in all tissues of the small intestine. These findings demonstrates the existence of tissue- and
section-specific normaliser genes in the small intestine.

Compared to the two pathways found in the set of 15 putative normaliser genes in a tissue-
wide meta analysis ( [17]), our meta analysis supported by RT-qPCR identified several genes
belonging to alternative GO categories, the eight genes with an assigned GO process belonged
to 17 individual processes, for the remaining seven genes no GO process was specified. Of
the first three genes found by the latter only RPL4 was not excluded prior to calculation,
the remaining genes were not among the top 10 % of CV% calculated in this study. However
they were included in RT-qPCR analysis as a reference, and proved to be in the same range
of variance as the genes found in this study. Still both results showed that a validation by
RT-qPCR is indispensable, as the results showed that meta analysis can only be used as
a reference to find suitable reference genes, but only RT-qPCR is sensitive enough to show
which gene is more stably expressed. A number of reasons could be thought of to explain why
microarray derived meta analysis data is not completely in line with RT-qPCR, like cross-
hybridisation, splice variants, exons targeted or capping problems, however it is a subject for

future studies to explain and the reproducibility of microarrays and the influence of platforms
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are still a matter of debate ( |1, 72, 55]).

The validation of genes showed to be of importance, as meta analysis derived data only
showed genes of low variance but showed a much greater variability in RT-qPCR.

The genes found originate from a wide array of different biological pathways (tab. 4),
an important aspect for their use in different profiling experiments were certain pathways
could be effected by the experimental conditions. We also found that two genes, namely
Tspanlb and AI31/976, seemed to be very uniformly expressed in inbred mice. Their different
expression found in some individuals of outbred strains, might be the reflection of numerous
SNPs within introns or UTRs(see supplementary tab. 7 and tab. 8). However, as for Tspan1s
and AI314976, we strongly believe that these genes can be used as normaliser gene in inbred
strains, as it is very uniformly expressed in these strains.

We also present a meta analysis for the whole small intestine, including all arrays from
the individual arrays as well as a number of arrays lacking intestinal segment information.
While the general idea of this work was that of a tissue specific normaliser-gene set, a meta
analysis over a small part of tissues, is useful if the exact origin of the sample is unknown, or
it the sample is taken from a transition point between the tissues. This issue is commonly
encountered in the small intestine as the borders are not clear cut. Furthermore a gradient
study would also call for a set of reference genes stably expressed over a selection of intestinal
sections.

The finding of very evenly expressed

genes is of special importance, when mi-

multi platform public

nor changes in gene regulation are issued. :
microarrays

Variances in the genes used for normalisa-

tion, while without effect on gene deregu- l number o
lation larger than 10-fold, easily could dis-

guise deregulations smaller than two fold.
weighting of data

Therefore it is of importance to improve the

quality of normalisation procedures and the

genes used for it.

We believe that new uprising techniques,

. . . statistical rankin
like second generation DNA sequencing tech- ¢

nology ( [39])will provide further data for the

finding of li d methods will
TG OF NOTIATLSCL SENES, and MeEthods wi Figure 5: Potential model of a more accurate

be found that enable scientists to combine meta analysis strategy

the information of second generation DNA
sequencing data and microarrays in future meta analyses. However today these techniques

do not detect expression changes as reliable as microarrays ( [84]), but future methods will
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overcome this problem.

At present little is known about the effect of small deregulations of gene expression, largely
due to the technical barriers involved. However a lot of daily influences, like diet changes
or the time of exposure to light on an organism are thought to alter gene expression only
slightly ( [13, 23, 29, 51]). Future experiment with the ability to detect changes smaller than
two-fold, will shed light in this yet neglected field of science.

The resulting genes proved to be of good usability as reference genes.

Mostly, general direction (up- and down-regulation) and rank order of the fold-changes
are similar, but the levels of the fold changes of microarray experiments differ compared to
qPCR data ( |83, 42, 86, 85]).

Still we think that our meta analysis approach needs amendment. Because of the typi-
cally non-gaussian distribution ( [46]) of microarray data a non-parametric test should have
been chosen, but was neglected because of the better usability and power of parametric tests
(Claus Vogl and Heinrich Grausgruber, personal communication). Furthermore for practica-
bility reasons we neglected the effect of the different microarray platforms on the resulting
fluorescence. This could be achieved by calculating the genes best suited for normalisation in
one type of array individually and combining weightedly, according to the number of positive
probes involved or the experimental setup used. In future experiments this issue will be
addressed. More sophisticated statistical data may be obtained with a meta-analysis using

different statistical tests, like for example the Winer’s combined test [35].
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5 Material and Methods

5.1 Study design
5.1.1 Multi Generation Study (MGS)

Three feed groups (G, K and A) were analysed in a MGS design. For the MGS (Fig. 6A)
pairs of mice were housed together in standard cages (marcolone type II, IIT and TV (Ehret,
Emmendingen, Germany) cages together with their offspring. Pups were weaned after three
weeks and male and female pups were kept separately till sexual maturation. After sexual
maturation the offspring were arranged into new pairs randomly. From F1 onwards males
were sampled after one week of mating. Feed was applied ad libidum.

Jejunum samples of male F3 mice were taken for this study.

5.1.2 Risk Assessment by Continuous Breeding (RACB)

Two repetitions of a RACB experiment were performed. In the RACB (Fig. 6B) pairs of
mice were kept in standard cages (marcolone type II, IIT and IV) and allowed to breed. The
pups were separated from the adults three weeks post natum. During the experimental period
of 20 weeks, 4 litters/Pair were produced.

Parental mice and mice from the 3rd litter were sampled after the experiment. Two feed
groups (G and K) were analysed in this study. Feed was applied ad libidum.

Jejunum samples and scrape samples of male and female parental mice, as well as jejunum

samples of males of the 3rd litter were taken (see RNA isolation below).

Figure 6: Breeding set up of MGS and RACB study designs. A: Set up of the MGS study
design, showing the alternation of generations. B:In the RACB study one pair of mice is
studied over the course of four litters.
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5.2 Sample preparation
5.2.1 Mouse strains

The internal microarray set was done using OF1 mice. The outbred strains OF1 and Cdl
and the inbred strains CB6 Irf-/- and Rac2(c) statl-/- were used for RT-qPCR experiments.

The mice were kept in marcolon cages of varying sizes adhering to the standards given
by national ethics committee for animal experiments (GZ: 68.205/0042 — BrG'T/2006). Mice
were kept under a 12 hours light /dark regime and fed with a costume made diet containing
33% maize (Ssniff, Soest, Germany). Mon810/NK603 (feed G), the isogenic line NK603 (feed
K) or the non-isogenic maize line SARASTRO (feed A) were used as maize for feed groups
G, K or A respectively. The nutritional value of the feed was analysed by [9].

CD1, CB6 and Rac2(c) mice were fed a mixture of R/M-H Ered 1, M-Z, M-Z Extrudat
and M-Z Ereich of varying composition (Ssniff).

5.2.2 Sample collection

Sampling was performed at day time in April and June 2008 for the MGS, in august 2008
for the parental mice of the RACB and in November and December 2006 for the 3rd litter
in the RACB. Mice were fasted for 3 hours before applying vertebral dislocation.

The small intestine beginning from the pylorus to the ileocaecal junction was dissected
immediately and divided into 2 fragments of similar length. In addition a 2 ¢cm segment was
dissected 1 cm proximal and 1 c¢m distal of the angular point representing the distal jejunum.

Tissue samples were immediately shock frozen in 2-methyl-butane (Merck, Darmstadt,
Germany) cooled on liquid nitrogen. After shock freezing the samples were transferred and

stored in the cryo tubes (Bertoni, Vienna, Austria) in liquid nitrogen until further analysis.

5.2.3 RNA isolation

50 mg intestinal tissue was homogenised in 700 puL Qiazol Lysis Reagent (Qiagen, Hilden,
Germany) with 1.4 mm ceramic beads (MagNA Lyser Green Beats, Roche Diagnostics,
Mannheim, Germany) in a MagNA Lyser (Roche Diagnostics) for 20 s. Lysate was stored at
-80 °C.

QIAzol (Qiagen), using a monophasic solution of phenol and GTC (QIAzol lysis reagent),
were used to separate the RNA from DNA and protein. The total RNA from murine je-
junum samples was than isolated using the miRNeasy Kit (Qiagen) capable of recovering all
cellular RNA including small RNA. The isolation was performed on the QIAcube (Qiagen)

as described by the manufacturer.
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RNA concentration was determined in a BioPhotometer (Eppendorf, Hamburg, Germany)
using a Hellma TrayCell (Hellma, Miillheim, Germany) and yield ranged from 0.5 - 2 ug/uL.
RNA integrity was determined by the use of the Agilent 2100 Bioanalyser (Agilent Technolo-
gies, Santa Clara, USA) using the RNA 6000 Nano Chip (Agilent Technologies) as described
in the manual.

For dye-based RT-qPCR samples were treated with 1 U RQ1 DNase (Promega, Leiden,
Germany) per 8 ul of RNA (125 ug/ull) to remove genomic DNA followed by spin-column
based purification and concentrationing of RNA using the miRNeasy Kit (Qiagen). To check
for remaining DNA contamination a minus reverse transcriptase negative control (-RT) using

a equal mixture of all tested samples for each assay was analysed.

5.2.4 Integrity of RNA

To determine the integrity of RNA the RIN (RNA Integrity Number) value of each RNA
sample was determined using the Agilent 2100 Bioanalyser (Agilent Technologies) in com-
bination with RNA 6000 Nano chips (Agilent Technologies). A gel-dye mix was prepared
at room temperature by adding 1 pl of well vortexed (10 s) RNA 6000 dye concentrate to
65 pl of gel, which was filtered prior using supplied spin filters. The gel-dye mix was again
vortexed and centrifuged for 10 min at 13000 g. 9 ul were pumped into the chip using the
supplied chip priming station. The wells were than filled with gel-dye mix or RNA 6000 Nano
marker as indicated in the protocol. 1 ul of RNA was added to sampling wells and 1 ul. of
RNA 6000 Ladder was added to the appropriate well. After vortexing the chip for 60 s the
chip was inserted into the 2100 Bioanalyser and the measurement was started using the 2100
Expert (Version B.02.03.SI307) software (Agilent Technologies).

Only RIN values of >8 were used for TLDAs and microarrays. For the RT-qPCR exper-

iments a RIN >6 was mandatory.

5.2.5 Reverse transcription (RT)

The High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, USA)
was used for cDNA synthesis from RNAs with acceptable RIN values of 7.8 to 9.6. The
RNA was diluted in RNase-free water (Sigma-Aldrich, Vienna, Austria) to a concentration
of 0.2 ug/ul each. The cDNA synthesis was done according to the manufacturers protocol.
2 pl 10 x RT Buffer, 25 ul ANTP mix (100 mM), 10 x RT Random Primers, 1 U Multiscribe
Reverse Transciptase and 4.2 ul nuclease-free HyO per reaction were mixed with 10 ul of the
diluted RNA. The RTreaction was incubated at 25 °C for 10 min and 37 °C for 120 min. The
reaction was stopped at 85 °C for 5 s. Sample cDNAs were run in duplicates. The minus

RT controls were analyed in unicate. To examine the outcome of the RT a qPCR targeting
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HPRT by dye based RT-qPCR.

5.3 Microarray analysis

DIG-labeled cDNA probes were reverse transcribed from 40 pg total RNA using the Chemi-
luminescent RT-Labelling kit (Applied Biosystems) as described by the manufacturer. Array
hybridization, chemiluminescence detection, image acquisition and analysis were performed
using the Chemiluminescence Detection Kit (Applied Biosystems) and the 1700 Chemilu-
minescence Microarray Analyzer (Applied Biosystems) following the manufacturer’s instruc-
tions.

Each microarray was first pre-hybridized at 55 °C for 1 h in hybridization buffer with
blocking reagent. Oligo-dT primed, DIG-labeled cDNA targets were fragmented, mixed with
internal control target and then hybridized to the equilibrated microarrays in a volume of
1.5 ml at 55 °C for 16 h. After hybridisation, the arrays were washed with hybridization wash
buffer and chemiluminescence rinse buffer. Enhanced chemiluminescent signals were gener-
ated by incubating arrays with alkaline phosphatase conjugated anti-digoxigenin antibody
followed by incubation with chemiluminescence enhancing solution and a final addition of
chemiluminescence substrate. Four images were collected for each microarray using the ABI
1700 Chemiluminescent Microarray Analyzer. Images were auto-gridded and the chemilumi-

nescence signals were quantified, corrected for background and spot and spatially normalised.

5.4 Microarray processing
5.4.1 Meta-analysis of microarray expression data

Microarray experiments, 23 for the duodenum, 53 for the duodenum, 63 for the ileum as
well as 92 unassigned small intestinal samples, containing a total of 220 single microarrays
[6, 78, 61, 30, 19, 56, 77, 34, 60, 36, 48, 66, 87, 40, 47, 38, 24, 14, 88| (Tab. 3). Arrays of nine
different platforms were selected and downloaded form the Gene Expression Omnibus (GEO)
[21] and Array Express [52]. Either the raw data or, if the raw data was not available, MAS
5.0 scaled data (defined as the anti-log of a robust average (Turkey biweight) of the values
log(PM;; - CTj;) was taken and used for further analysis. Data had to be well defined to be
included in this study to avert the influence of possible pre-normalised data on the outcome.
Furthermore solely single-dye chips were meta analysed. No data derived from cell cultures
were used. Only probes with a given NCBI gene symbol were considered. Quality-weighting
as proposed by [33| was not considered, as the detection system generated detection p-value
needed for quality-weighting was not included in all researched microarray datasets.

First each individual microarray experiment was normalised by quantile normalisation us-
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ing GeneStat software (11th Edition for Windows; VSN International Ltd, Hemel Hempstead,
England). During quantile normalisation each array is ranked by the fluorescent intensity
level. Then the arithmetic mean of each rank across the arrays is calculated and the values of
each rank on each microarray are replaced by the ranks mean. After quantile normalisation
the data was log2 transformed. This was done to eliminate interassay differences caused by
systematic errors. After normalisation spots lacking a gene symbol were removed and genes
being detected by more than one set of probes were averaged. Subsequently the individual
numbers were standardised by the formula
Xioj = —X"_};{a””

where X ... fluroescence intensity signal

After normalising and standardising the data the coefficient of variation in percent (CV%) of
each gene across all arrays was calculated. The 10% genes with the lowest CV% were selected for
further analysis. A parametric Chi? test was performed, using SAS 9.1 software (SAS Institute,
Cary, USA). The resulting p values were used to identify reference gene candidates. The p values
were not used to determine statistical significance, but rather as indicators for a uniform gene’s

expression across all arrays being consistent with a high p value.

5.4.2 Overrepresentation analysis

Overrepresentation studies are designed to identify common biological pathways or functions among
a set of genes altered in a study. Many overrepresentation analysis platforms are available online or as
downloadable tools, like GoSurfer [91], Go-Bayes [89], BINGO [44], eGOn [7], GOrilla [20], GOEAST
[90] and many more. We used the PANTHER database (Version 7 beta) [74] for this analysis. A
plain text file containing the gene symbols found to be deregulated in the analysed microarray
experiment, was up-loaded to the data base and analysed using the Compare Classifications of Lists
tool. The Mouse AB 1700 genes list was used as a reference list. Both pathways and biological

functions were analysed. No Bonferroni correction was used.

5.5 RT-qPCR

5.5.1 Low density profiling of mRNA

The custom made TagMan low density arrays (configuration 4) (Applied Biosystems) were used
according to the manual. In brief, 100 ul of a mix of cDNA and TagMan Universal PCR Master Mix
(2X) (Applied Biosystems), containing a total of 250 ng ¢cDNA, was loaded into each fill reservoir.
After centrifugation in the Heraeus Multifuge 3S-R Centrifuge (Thermo Fischer Scientific, Vienna,

austria) (2 x 1 min at 311 g) the microfluic card was closed and qPCR was started immediately
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on the ABI Prism HT 7900 Sequence detection system (Applied Biosystems). SDS 2.3 software
(Applied Biosystems) was used for analysis.

It has to be noted that the Gpr39 assay did not yield a amplification signal (C;>45) in all
experiments and was turned down in all following analyses.

The samples were run in duplicate or unicate (see supplementariy tab. 9).

5.5.2 Dye based assays

All RT-gqPCR reactions included 3.5 mM MgCl, (Solis Biodyne, Tartu, Estonia), 200 nM of each

Primer, 0.2 mM of each ANTP (Solis Biodyne) , 0.4 x EvaGreen (Biotium, Hayward, USA), 1 x
Buffer BD (0.8 M Tris-HCI, 0.2 M (NH4)2SO04) (Solis Biodyne) and 1 Unit of HotFire polymerase
(Solis Biodyne). qPCR was performed in a 10 pul Volume and performed on the LightCycler 480
(Roche Diagnostics) in 384-well setup. The cycling conditions consisted of a hot start phase of
15 min at 95 °C to activate the HotFire polymerase, followed by 40 cycles of 95 °C for 15 s, 60 °C
for 40 s and 72 °C for 20 s.
Intron-spanning or flanking primer sequences available in the Harvard PrimerBank [70, 71, 82] or
RTPrimerDB [54, 53, 41] were used. Only primer pairs spanning introns larger than 500 bp and
produced an amplicon shorter than 200 bp were used. (Tab. 7). If a gene was not covered by a
publicly available primer pair, primers were designed using Primer Express 2.0 software (Applied
Biosystems) on basis of the current reference sequences derived from the NCBI-homepage. All
primers were designed to anneal at 60 °C £2 °C. The primers were tested for primer dimerisation
using PerlPrimer 1.1.14 software (Marshall 2004) (Tab. 7). All primers were synthesised by Sigma-
Aldrich.

Primers were tested for amplification efficiency using an equal mixture of all tested samples. To
determine the efficiency a dilution series was used. To achieve Cgs below 40 a dilution series of
1:1, 1:5, 1:10, 1:20 and 1:30 was used. All Primers were tested using the LightCycler 480 (Roche
Diagnostics) and analysed by the LightCycler 480 software 1.5.0 using the second derivative to
determine the C4. As given by the LightCycler 480 manual an error of below 0.2 was considered
necessary. However in case of the EG666853 an error of 0.241 was accepted because of the late C.

RT-qPCR assays for the testing of reference genes was pipeted by the liquid handling system
EpMotion 5075 TMX (Eppendorf).

For RT-qPCR assays MIQE guidelines [11] were followed as close as possible I feel compelled to

advert to the declared conflicts of interest in the respective publication.
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7 Supplements

7.1 Zusammenfassung (dt.)

Selbst verhéltnismékig kleine Verdnderungen der Genexpression konnen signifikante biologische Ef-
fekte haben. Um solche kleinen Verdnderungen quantifizieren zu kénnen, mufs der Goldstandard fiir
Expressionsquantifizierung, die Reverse Transcription Quantitative Real-Time PCR (RT-qPCR),
mit einer passenden Normalisierungsstrategie verbunden werden. Der erfolgreiche Einsatz dieser
Technik bendtigt eine sorgfiltige Auswahl von Referenzgenen fiir die Normalisierung. Gewebeiiber-
greifende Expressionsanalysen bendtigen Gene die in allen Geweben gleichméfig stabil exprimiert
werden, wodurch nur eine geringe Anzahl an einigermafen stabilen Genen zur Verfiigung steht. Wenn
jedoch nur ein bestimmtes Gewebe untersucht wird, diirfte die Anzahl der méoglichen Referenzgene
jedoch steigen.

In dieser Arbeit wurde nach Referenzgenen gesucht, die speziell auf die einzelnen Abschnitte des
Diinndarms von Mausen abgestimmt sind. Kandidatengene wurden durch eine Metaanalyse ermit-
telt. Fiir die Metaanalyse wurden Daten von internen und &ffentlich zuginglichen Micoarrays ver-
wendet. Jejunum Proben eines Auszuchtstammes und drei Inzuchtstdmmen wurden verwendet um
15 Kandidatengene mittles RT-qPCR zu validieren. Die Gene Plekha7, 6430706D22Rik, EG666853
und Zfyvel9 wurden als diejenigen identifiziert die als interne Kontrollen am geeignetsten sind, da
ihr Expression nur um <(0.8-fach schwankten. Thre Expressionstabilitit liegt im selben Bereich wie
jene von Oazl, iibertriftt jedoch die der kiirzlich fiir gewebeiibergreifene Normalisierung eingefiihrten
Retrotransposons B1 Element und B2 Element. Der Expressions Stabilitdtswert, errechnet durch die
Software GeNorm, iibertrifft die Werte friiherer gewebe- und plattformiibergreifenden Metaanalysen.
Die hohe Stabilitdt der neu gefunden Jejunum-Referenzgene legt nahe, daf sie in diesem Gewebe, in
stark regulierten Stoffwechselwegen involviert sind. Die funktionelle Diversivitit der neu gefunde-
nen Referenzgene erlaubt es Zielgene unter einer Vielzahl biologischer Konditionen und Stimuli zu
untersuchen. Zusétzlich wurde dieser Metaanalyseansatz noch auf die anderen Untereinheiten des
murinen Diinndarms und auf den gesamten Diinndarm angewendet.

Die Verbesserung der Genauigkeit der Normalisierung durch eine Metaanalyse von Expres-
sionsdaten eines spezifischen Gewebes unterstreicht die Moglichkeiten dieser Strategie in anderen
Geweben. Durch ihre, impliziert duch ihre gleichférmige Iixpression, biologische Bedeutung sind die

neu gefundenen Normalisierungsgene auch lohnende Ziele fiir weitere Untersuchungen.
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Figure 7: SNPs in the murineTspan15 gene, indicating possible transcriptional effects
trans-acting regulatory sequences. Graphic provided by elensamble.
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Figure 8: SNPs in the murineAI31/976 gene, indicating possible transcriptional effects of
trans-acting regulatory sequences. Graphic provided by elensamble.

Table 8: PANTHER classification of biological processes of deregulated genes in the circadian-
clock non-controlled nutritional expression study showing strong relations to certain biological
processes. (sample maize: n=3, control: n=3 isogenic maize)

] . Genes on Mouse | Number of| Expected by| overfunder
Biological Process P-value
AB 1700 genes genes chance represented
Protein biosynthesis 446 anl 44 + 1.30E-148
Protein metabolism and 4750 553 265 N 5 30E.61
modification
Mucleoside, nucleotide
and nucleic acid 2779 397 275 + 5.30E-14
metabolism
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Table 10: Apportionment of genes as used on the TagMan low density arrays

Lane 1 Lans 2 Lane 3 Lane 4 Lane 5 Lane § Lane 7 Lane &

lgtp Irz1 Igtp Irz1 Igtp Irz1 Igtp Irz1 Igtp Irz1 Igtp Irz1 Igtp Irz1 Igtp Irz1

Pnpla3 Aatf Pnpla3 Aatf Pnpla3 Aatf Pnpla3 Aatf Pnpla3 Aatf Pnpla3 Aatf Pnpla3 Aatf Pnpla3 Aatf

Ugcgl2 Cd40 Ugcgl2 Cd40 Ugcgl2 Cd40 Ugcgl2 Cd40 Ugcgl2 Cd40 Ugcgl2 Cd40 Ugcgl2 Cd40 Ugcgl2 Cd40

A230005 A230005 A230005 A230005 A230005 A230005 A230005 A230005

tgaS | M16Rik;B tgaS | M16Rik;B tgaS | M16Rik;B tgaS | M16Rik;B tgaS | M16Rik;B tgaS | M16Rik;B tgaS | M16Rik;B tgaS | M16Rik;B
myc myc myc myc myc myc my'c my'c
Bcar3 Nphp1 Bcar3 Nphp1 Bear3 Nphp1 Bcar3 Mphp1 Bear3 Mphp1 Bear3 Mphp1 Bear3 MNphp1 Bear3 Nphp1

Elmo2 Gept2 Elmo2 Gept2 Elmo2 Gept2 Elmo2 Gept2 Elmo2 Gspt2 Elmo2 Gspt2 Elmo2 Gspt2 Elmo2 Gspt2

Gpr3g Prkcn Gpris Prkcn Gpris Prkcn Gpr3g Prken Gpr3g Prken Gpr3g Prken Gpr3g Prken Gpr3g Prken

Ntrk2 Per3 Ntrk2 Per3 Ntrk2 Per3 Ntrk2 Per3 Ntrk2 Per3 Ntrk2 Per3 Ntrk2 Per3 Ntrk2 Per3

Shet Statsb Shet StatSb Shet StatSt Shet StatSb Shet StatSb Shet StatSt Shet StatSk Shet StatSh

Ggal Mapk10 Ggal Mapk10 Ggal Mapk10 Ggal Mapk10 Ggal Mapk10 Ggal Mapk10 Ggal Mapk10 Ggal Mapki0

185 Sntb2 185 Sntb2 185 Sntb2 185 Sntb2 185 Sntb2 185 Sntb2 185 Sntb2 185 Sntb2

Soczl Dnajec1 Soczl Dnajec1 Socz1 Dnaje1 Socsl Dnaje1 Socsl Dnajc1 Socsl Dnaje1 Socs1 Dnajc1 Socsl Dnajc1

Pum1 Foxw? Pum1 Foxw7 Pum1 Foxw7 Pum1 Foxw7 Pum1 Foxw7 Pum1 Foxw7 Pum1 Foxw7 Pum1 FoxwT

Sgta Cdss Sgta Cdss Sgta Cds2 Sgta Cdss Sota Cdsg Sota Cds2 Sota Cds2 Sota Cdeg

Clk3 Hmg20a Clk3 Hmg20a Clk3 Hmg20a Clk3 Hmg20a Clk3 Hmg20a Clk3 Hmg20a Clk3 Hmg20a Clk3 Hmg20a

2610529C 2610529C 2610529C 2610528C 2610528C 2610528C 2610528C 2610525C
pspk | CO pspi | CO psmi | Co ospi | Co pspi | C° pspik | C° psmik | T e

Eef1b2 Btla Eef1b2 Btla Eef1b2 Btla Eef1b2 Btla Eef1b2 Btla Eef1b2 Btla Eef1b2 Btla Eef1b2 Btla

Ramp1 Foxg1 Ramp1 Fexgi Ramp1 Fexgi Ramp1 Fexgi Ramp1 Fexg1 Ramp1 Foxg1 Ramp1 Foxg1 Ramp1 Foxg1

Gsk3b Trimd7? Gsk3b Trimd7? Gsk3b Trimd7 Gsk3b Trimd7 Gsk3b Trimd7 Gsk3b Trimd7 Gsk3b Trimd7 Gsk3b Trimd7

C=far FkbpS C=far FkbpS C=far FkbpS C=far FkbpS C=far FkbpS C=far FkbpS C=far FkbpS C=far FkbpS

Ift140 Kifac Ift140 Kifac Ift140 Kifac Ift140 Kifac 1140 Kifac 1140 Kifac 1140 Kif3c 1140 Kifac

Herc3 Rgss Herc3 Rgss Herc3 Rgss Herc3 Rgss Herc3 Rgss Herc3 Rgss Herc3 Rgss Herc3 Rgsg

Rpl22 Hprt1 Rpl22 Hprt1 Rpl22 Hprt1 Rpl22 Hprt1 Rpl22 Hprt1 Rpl22 Hprt1 Rpl22 Hprt1 Rpl22 Hprt1

Eef2k P=mc3 Eefzk Psmc3 Eef2k Psmc3 Eef2k Psmc3 Eefzk Psmc3 Eefzk Psmc3 Eefzk Psmc3 Eef2k Psmc3
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