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Supplemental figures and tables
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Figure S1. Locomotor activity of C. rota under natural conditions in the field over the course of the study. Presented periods - (A) 25/12/2012-28/12/2012 (n=16), (B) 3/6/2013-6/6/2013 (n=24), (C) 17/6/2013-20/6/2013 (n=19), (D) 24/6/2013-26/6/2013 (n=17), (E) 3/7/2013-6/7/2013 (n=18), (F) 22/7/2013-24/7/2013 (n=18), (G) 22/9/2013-26/9/2013 (n=17), (H) 14/10/2013-15/10/2014 (n=17), (I) 11/10/2014-19/10/2014 (n=97), (J) 9/3/2015-12/3/2015 (n=20). The blue filled plot represents the fraction of active limpets. The black line plot represents the sea level at the time. X-axis is time (days), primary y-axis is fraction of active limpets, and secondary y-axis is sea level. Moon phase is presented above the graph. Numbers of limpets monitored during each time period are noted above (max observed during given period). LSP periodograms are presented to the right of each activity graph. Most significant peaks are labeled (p<0.05). Dashed line in the periodograms indicated the 95% confidence intervals. 
Table S1. List of periods photographed and analyzed in Eilat at the sea observation location. 
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Supplemental Movie – Timelapse video of Cellana rota movement. Video composed of one image taken every 5 minutes during the day and night (IR illumination) over the course of three days (corresponds to Panel B in figure S1 and Period 2 in Table S1). Speed x16 for viewer convenience. The limpets can be seen moving up and down the boulder with the rising and falling of the tide. No movement during high and low tides.
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Figure S2. Rhythmic expression of tidal cyclers. Phases are sorted by the lag values given by JTK_Cycle. Representative circadian clock related genes marked in red or green, hypoxia /anoxia related in blue.
Table S2. Tidally rhythmic transcripts identified with JTK_Cycle.
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Figure S3. Rhythmic expression of diel cyclers. Phases are sorted by the lag values given by JTK_Cycle. Representative circadian clock related genes marked in red.
Table S3. Diel rhythmic transcripts identified with JTK_Cycle.
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Table S4. Top tidally cycling transcripts of interest.
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Figure S4. Correlation of gene expression (Log2) between values obtained from RNA-seq and Real-Time PCR (qPCR and ddPCR) analyses. Four genes were chosen for validation. For each of the genes six time points were chosen (10:00, 02:00 and 10:00 X two sampling weeks). Genes and quantification method used:  rhodopsin was tested using qPCR with importin3 as a reference gene. timeless, cry1 and period were tested using ddPCR, beta-actin used as a reference gene. N=5 for each sample. Left column is Week1 sampling (25/12/2012-27/12/2012), and right column is week2 sampling (1/1/2013-3/1/2013).
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Figure S5. Cellana rota behaviour in the laboratory. Example of limpet under LD exhibiting atypical ~8 h rhythmicity (72 hours; no tide; τ=8.2). Tidal phase at collection location plotted in red. Locomotion plotted in blue. Arrows denote time of spray turning on for a period of 3 hours each time (spaced 12.4 hours apart). Period calculated with LSP periodogram (p>0.05). 
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Period No. | Start End Time (days) Limpets (N) Tide phase Season

1 25/12/2012  28/12/2012 3 16 Neap-Spring ‘Winter

2 6/3/2013 6/6/2013 3 24 Neap Summer
3 17/6/2013 20/6/2013 3 19 Neap-Spring Summer
4 24/6/2013 26/6/2013 2 17 Spring Summer
5 3/7/2013 6/7/2013 3 18 Neap Summer
6 22/7/2013 24/7/2013 3 18 Spring Summer
7 22/9/2013 26/9/2013 4 17 Spring-Neap Autumn
8 14/10/2013  15/10/2013 1 17 Neap Autumn
9 11/10/2014  19/10/2014 8 97 Spring-Neap Autumn
10 9/3/2015 12/3/2015 3 20 Spring-Neap Spring
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Statistical Threshold Number of Transcripts (Max False Discovery Rate)

p<0.0001 8(0.31)

p<0.001 72(0.42)

p<0.005 366 (0.48)
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Statistical Threshold Number of Transcripts (Max False Discovery Rate)

p<0.0001 9(0.41)

p<0.001 48(0.78)

p<0.005 221(0.78)
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Table S4 - Microsoft Excel
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Transcript name [Annotation ADJP Phase AMP__FOI Reference
comp68192_c0_seqlm. 10432 | COP9 signalosome complex subunit § 1604 2 483 Circadian clock regulation He etal, 2005; Knowles etal,, 2009
comp95360_c0_seq3(m.41598 | Phosphatidylinositol 3-kinase catalytic subunit type 3 2E-04 2 0.68 Circadian output Koetal, 2009
comp101117_c2_seq2m. 1042§ 6-phosphofructo-2-Kinase/fructose-2,6-bisphosphatase 7E-04 2 0.58 Anaerobic energy metabolism; Limpet anoxia behaviour  Michaelidis and Beis, 1990; Storey, 1990; Lazou, 1991; Minchenko et al, 2002
comp86560_c0_seql|m. 18658 |E3 ubiquitin-protein ligase arihl 0001 2 7.4 Circadian thythm; Gravity impact Araki etal,, 2006; Casey etal, 2015
comp94311_c0_seq2im 36113 | BTB/POZ domain-containing protein 9 0001 4 1.3 Sleep; thermal sensory DeAndrade etal, 2012;
comp77047_c0_seql[m.12978 | Histone H3.3 0001 4 1143 Circadian clock regulation Buhr and Takahashi, 2013; Kramer and Merrow, 2013; Duong et al, 2014;
comp106394_c1_seq7im. 20501 DNA polymerase iota 0001 8 02 Oxidative stress Pettaetal,, 2008
comp107040_c2_seq7im 2123 Pyruvate kinase PKM 0001 4  0.15 Anaerobic energy metabolism; Limpet anoxia behaviour  Gaitanak et al., 1990; Michaelidis and Beis, 1990; Storey, 1990; Paschos and Fitzgerald, 2010
comp106450_c5_seq1/m.20644 Acetyl-CoA acetyltransferase A, mitochondrial 0002 10  7.83 Gravity impact Frigeri et al,, 2008; Casey etal,, 2015
comp45359_c0_seql[m 5698 | Glyoxylate reductase/hydroxypyruvate reductase 0005 10 1332 Gravity impact; Anaerobic energy metabolism Frigeri et al,, 2008; Lockwood et al, 2015
comp94119_c0_seql[m 35166 |Serine/threonine-protein kinase stk11 0002 4 238 AMPK circadian clock interaction/regulation Jordan and Lamia, 2012
comp105204_c2_seq8im.1770]Regucalcin 0004 10 10.81 Photoperiodic regulation; Calcium signaling; Biomineraliz Yamaguchi, 2000; Vesala et al, 2012; Shi etal, 2013
comp100928_c6_seqlim. 1011§ Tetraspanin-5 0004 4 508 Phototransduction; Sleep; Hypoxia Poon et al., 2007; Xiong and Bellen, 2013; Livingston et al,, 2015
comp95381_c0_seq2m 41786 |Serine/threonine-protein phosphatase 4 catalytic subuy 0004 4  2.69 Circadian clock regulation Klemz, 2014
comp104506_cO_seqs/m. 1624¢ F-box/LRR-repeat protein 4 (Fbxl4) 0004 4 046 Rhodopsin regulation; Phototransduction Yao et al,, 2012; Xiong and Bellen, 2013 -
comp103105_c1_seqlim. 13647 Chromobox protein homolog 3 0004 4 449 Circadian clock regulation Duong and Weitz, 2014
comp99054_c1_seq2m74977 | Calmodulin-3 0004 10 241 Calcium signaling: Biomineralization: Circadian clock __Dunlap, 1999 Shi etal. 2013

FOI - Function of Interest; LAG - The number of hours past the first time point a wave peaks as calculated by JTK_Cycle. AMP — cycling amplitude as measured by JTK_Cycle.
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Table S5. List of candidate genes used in gPCR and ddPCR

expression analysis

Forward Primer 5'-3'

Probe

Reverse Primer 5'-3'

Product
Name size (bp)
Rhodopsin 111
Timeless 39
cryl 89
Period 72
Candidate

reference genes

Importin3 105
Beta-actin 91

CGGGTCAGGTAATCAAAG
GGGAACATAGACAAGAAGAAGA
TAAGC

TCGAGGCGACCTCTGGTC
GGGCAACCGTTTAAATCTCGTA

GCTCAGGCTTGTCATATTC
TTTTCCATGGATTGATGCTATCA

ApdCApdCpdUpdUGAAAGAPIUGPICPdUGApd

UpdUpdUpdUG

CACTGGGAAGAAGGTCAAAAGGTGTTTG

TAACAGTTTTGCGCATGGCCGT

TGGATTCATCATCTTGCTCGGCACG

CTTGGTGGTGTGGATATG
TGTAGGGTCTGGAGGTATATGAAG
TATATT
TCCAGCACTCAAACTCCAATCAG
TTCCGTTTCCACGGTAATCCA

CTGTGATGCTCTTGCTTAC
GGTCACCTCGTGTGAGAAAACA

Rhodopsin and Importing3 analysed on QPCR without probes. Timeless, Cry1, Period and Beta-Actin analysed on ddPCR with probes
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