Supplementary Data

Supplemental Figure Legends

Figure S1. The Exon-Array Accurately Reproduces The

Circadian Expression Pattern of Core Clock Genes.

Comparison of exon array and QPCR measurements for A. Dbp and B. Arntl
(Bmalt) in the samples used for the exon-array analysis. In both cases, n=3
and error bars represent the standard error of the mean (SEM). For the exon
array data, fold-change versus CTO was calculated from the RMA

abundances for each gene.

Figure S2. Circadian expression of Per2, Dbp and Arntl

(Bmal1) in validation tissue sets.

Expression of Per2 (top panel), Dbp (middle panel) and Arntl (Bmal1, bottom
panel) through circadian time in liver, kidney and lung, as measured by

QPCR. In each case, n=6 and error bars represent SEM.

Figure S3. Exon array validation

Validation results for A. Npas2 B. Usp2 C. Pnp1 D. Fbxo21 E. HIfF. Ash2l G.
Nri1d1 H. Cabc1 l. Loxl4 J. Decr1 K. Adrbk2 L. Clock. In each case: Top
panel. UCSC genome browser screen-shots illustrating the structure of the
Refseq mRNA and the location of the candidate. Middle panel. Screen-shot of
the closer genomic context of the identified exon-probeset, including the

location of the core set of exon-array probesets and vertebrate &



euarchontoglires conservation as measured by phastCons score (white=0,
black=1) [1,2]. Bottom left panel. Plot of the log2 FIRMA score (black line,
n=3, SEM) and alternative splicing as measured by exon-specific QPCR (red
line, n=6, SEM) through circadian time. Bottom right panel. Plot of the
alternative splicing (red line, n=6, SEM, same data as the right panel) and
total gene expression as measured by QPCR (blue line, n=6, SEM) through
circadian time. Additionally, in I, the bottom-most panel shows a

representative Qiaxcel gel of the RT-PCR data in the above plot.

Figure S4. Circadian expression of validated exons is tissue-

dependent.

Cross-tissue validation results for A. Usp2 B. HIf C. Pnp1 D. Ash2/ E. Nr1d1
F. Fbxo21 G. Cabc1 H. Npas2. Left panel: alternative splicing. Right panel:
gene-level expression through circadian time (left to right), and in three
visceral tissues: liver (white, same data as Figure S1), kidney (light grey) &
lung (dark grey). In each case, n=6 and error bars represent SEM.
Overhanging bars & asterisks indicate results of a one-way ANOVA for an
effect of circadian time (* - p<0.05; ** - p<0.01; *** - p<0.001). Individual tissue
time-courses were examined where a two-way ANOVA had revealed a
significant effect of tissue and/or an interaction between tissue and circadian
time. However, this was not the case for Ash2/ gene expression and Cabc1
exon specific expression. In all cases there was a significant affect of

circadian time.



Figure S5. SRGs with rhythmic mRNA in liver.

A.-l. & M. Plots of QPCR and microarray data through circadian time for
SRGs rhythmic by QPCR that correlated significantly with the microarray data
from Hughes et al. (2009). J.-L. Plots for those factors that showed a
significant circadian expression pattern but did not correlate significantly with
the microarray data. QPCR data: n=6, SEM. Microarray data: equivalent
circadian times in the two cycles were averaged and expressed relative to
CTO in the first cycle. Only time-points with equivalents in the QPCR dataset
were plotted. Error bars represent SEM. For each gene, the correlation
between QPCR and microarray data was examined using Pearson’s r. The

results of this analysis are tabulated in Table S6.

Figure S6. Regulation of rhythmic SRGs in the Vipr2” mouse

liver.

Expression patterns of rhythmic SRGs as measured by QPCR. A.-F.
Examples of SRGs that appear to be phased advanced in the Vipr2” mouse
liver compared to wild-type. G.-M. Examples of SRGs that appear to be
arrhythmic in the Vipr2” mouse liver compared to wild-type. In each case, n=3

and error bars represent SEM.



Figure S7. Circadian expression of Cirbp and Dhx9 in Clock

mutant liver.

Circadian expression patterns of A. Cirbp and B. Dhx9 in wildtype (black
symbol and line) and Clock mutant (pink symbol and line) liver as measured
by Miller et al. (2007). In each case, the individual observations are plotted as

points with a line connecting the mean at each timepoint.

Figure S8. Correlation between validated circadian exons and
splicing factors

Heatmap illustrating the correlation (Pearson’s r) between the circadian
expression profiles (log2 fold change vs. CTO) of individual validated circadian
exons (y-axis) and individual robustly circadian splicing factors/RBPs (x-axis).
The strongest positive correlations were found between the Srsf3 splicing
factor and the circadian exons within Pcsk4 & Npas2 (0.904 & 0.841,
respectively).Strong positive correlations were also identified between these
exons and Thoc3 expression (0.841 & 0.810, respectively); Hnrnpdl
expression and the alternative polyadenylation event in Decr1 (0.806); and
expression of the two helicases, Ddx46 (0.786 with Npas2 exon) and Dhx9
(0.783 with Pcsk4 exon). The strongest negative correlations were observed
between Srsf3 expression and Cabc1 & Clock exon-specific expression (-

0.929 & -0.866, respectively)



Figure S9. Circadian alternative splicing of Khdrbs1 (Sam68)

target exons.

Circadian alternative splicing patterns of three Sam68 target exons identified
by Chawla et al. (2009) [3]. A. Rev3/_2 B. Opai1_2 C. Kin1_2. Inclusion levels
were measured by RT-PCR using the primers detailed in Chawla et al. and
the validation experiment samples from this study. At each timepoint, N=6 and
error bars represent SEM. Circadian alternative splicing patterns were judged
to be significant by ANOVA (Rev3/_2: p=0.0001, Opa1_2: p<0.0001 Kin1_2:

p=0.0166).

Figure S10 Core clock gene expression is selectively

modulated by fasting conditions

In each case, expression is expressed as fold change compared to CT5. For
each combination of timepoint and feeding status, n=3 and error bars
represent SEM. All genes showed a significant main effect of time by two-way
ANOVA (p=<0.05). Moreover, Bmal1 and Dbp also showed a significant
interaction effect between time and feeding (p<0.05). The symbols above
each pair of bars indicate the results of Bonferroni’s post-hoc test, comparing
the two circadian timepoints in each feeding condition after a two-way
ANOVA: ns - not significant, * - p<0.05, ** - p<0.01, *** - p<0.001, **** -

p=<0.0001.



Supplemental Experimental Procedures

Bioinformatics

PSSMs for clock transcription factors: For each motif, each row of the matrix
represents a nucleotide position (the first row representing the most 5' position
etc.) and each column a different nucleotide. Thus the number at each
position reflects the probability of observing that nucleotide at that position in
the motif.

D-Box

letter-probability matrix: alength=4 w= 8

A C G T

0.0011 0.0005 0.0005 0.9979
0.0011 0.0005 0.0005 0.9979
0.9979 0.0005 0.0005 0.0011
0.0011 0.4978 0.0011 0.4978
0.0011 0.0559 0.9419 0.0011
0.0011 0.0005 0.0005 0.9979
0.9979 0.0005 0.0005 0.0011

0.9979 0.0005 0.0005 0.0011



E'-Box

letter-probability matrix: alength= 4 w=6

A C G T
0.0011 0.9973 0.0005 0.0011
0.9979 0.0005 0.0005 0.0011
0.0011 0.9973 0.0005 0.0011
0.0011 0.0559 0.9419 0.0011
0.0011 0.0005 0.0005 0.9979
0.0011 0.0005 0.0005 0.9979
E-Box

letter-probability matrix: alength= 4 w= 6

A C G T
0.01042 0.96875 0.01042 0.01042
0.96875 0.01042 0.01042 0.01042
0.01042 0.96875 0.01042 0.01042
0.01042 0.01042 0.96875 0.01042
0.01042 0.01042 0.01042 0.96875

0.01042 0.01042 0.96875 0.01042



RRE

letter-probability matrix: alength= 4 w= 11

A C G T

0.4978 0.0011 0.0011 0.4978
0.9979 0.0005 0.0005 0.0011
0.4978 0.0011 0.0011 0.4978
0.2500 0.2500 0.2500 0.2500
0.0011 0.0005 0.0005 0.9979
0.4978 0.0011 0.4978 0.0011
0.0011 0.0559 0.9419 0.0011
0.0011 0.0559 0.9419 0.0011
0.0011 0.0005 0.0005 0.9979
0.0005 0.9979 0.0005 0.0011
0.9979 0.0005 0.0005 0.0011

An estimate of the frequency of circadian alternative splicing

The core probeset of the mouse exon array comprises 229518 probsets
(roughly corresponding to exons), grouped into 23332 metaprobesets (roughly
corresponding to genes). To determine the number of expressed genes
detected by the array, we used Affymetrix Power Tools (APT) to calculate the
dabg (detection above back-ground) p-value for each of the metaprobesets
derived from the core probesets on the array. The dabg p-value reflects the

probability that the intensities in a probeset could have been observed by



chance given the distribution of GC-content matched background probes on
the exon-array. The p-value can be used as a substitute for standard
absent/present calls when mismatch probes are not available. Metaprobesets
with p=0.05 in =75% of the array were excluded from the analysis. From the
remaining 17831 metaprobesets, we were able to unambiguously identify
15416 Ensembl genes, 13346 of which have more than two exons, making
them capable of alternative splicing (86.6%, consistent with the genome-wide
figure). Using the exon-array, we identified circadian exons in 47 genes,

therefore 0.4% of expressed genes with greater than two exons.

To gain a speculative estimate of the total number of genes with circadian
exons in liver, we used the relationship between sampling frequency and
circadian transcripts detected by Fisher’s G test described in Hughes et al.
(2008) (Figure 4C therein). While the experimental design and analysis
method differ greatly, six hour sampling resolution with an FDR of 0.4 resulted
in a similar number of rhythmic transcripts as genes with circadian exons. If
the two circadian phenomena follow a similar exponential relationship with
sampling frequency, we might expect ~2500 genes with circadian exons
(18.7% of expressed genes with greater than two exons) if we measure at
two-hour resolution over two days. Given our demonstration that circadian
alternative splicing is frequently tissue dependent, the true proportion may be

somewhat higher than this.
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