Evidence for oscillating circadian clock genes in the copepod Calanus finmarchicus during summer solstice in the high Arctic 
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Supplementary Material 1: Methods


Study site characteristics

During sampling time at JR85, the ice edge was located at about 81° to 82° N, roughly following the shelf slope north of Svalbard, thus station JR85 (82.56 °N) was located well within the ice cover, whereas station B13 (74.5 °N) was ice free. Information on the location of the sea ice edge at the time of sampling at JR85 were obtained from ice concentration maps available from the meereisportal [1]. 
The local physical properties of the water column were measured by vertical profiles of an SBE 911plus CTD (Sea-Bird Electronics, WA, USA). CTD profiles at station JR85 have been taken on 18th June 15:45, and at B13 on 30th June 12:30 (local time (UTC+2)). Temperature, pressure (depth), conductivity (salinity), oxygen saturation (SBE 43, Sea-Bird Electronics) and Chlorophyll a (Chl a) fluorescence (Aquatracka III fluorometer, Chelsea Technologies Group, UK) were measured. Profiles from the surface to 200 m depth (copepod sampling range) are shown in Supplementary Material 2, figure S1. Values remain largely constant below 200 m. CTD data were provided by the British Oceanographic Data Centre (BODC, UK).  

Sampling

[bookmark: _Toc25225395][bookmark: _Toc26363376]At each timepoint the water column has been sampled from 200 m to the surface with vertical hauls of a WP2 plankton net (opening ⌀: 57 cm, net length: 236 cm, mesh size: 200 µm) with a meshed bucket cod end (mesh size: 200 µm) at a speed of 0.5 m*s-1. Transferring the animals from the net into the stabilization solution was done within less than 12 minutes for all samplings. A ~12 h period of incubation at 2 - 4˚C has been allowed to soak the samples thoroughly with the RNAlater stabilization solution (Ambion, UK) before they were transferred to -80˚C for further transport and storage. 




Copepod sorting and species identification

Copepods were sorted at 2˚C under a stereo microscope for species (C. finmarchicus) and stage (CV). To distinguish C. finmarchicus from its closely related congener C. glacialis, morphological indicators were used, in particular the redness of the antenna, which has been shown to be a good indicator in the regions of sampling [2]. However, since differences between the species can be very subtle, morphological identification was validated by molecular species identification on a subset of animals sorted from each station. Therefore, DNA was extracted from individual copepods using the HotShot method [3], and the species-specific nuclear insertion/deletion (InDel) marker G-150 was amplified using a modified protocol from Smolina et al. [4]. Identification was done by accessing the size of the resulting amplicon via electrophoresis on a 2% agarose gel. 99 % of the individuals identified as C. finmarchicus by the morphological identification method were also clearly identified as C. finmarchicus by the molecular identification method (n=305 individuals).  

RNA extraction and cDNA synthesis
For each timepoint and replicate, 15 C. finmarchicus CV copepods were homogenized in 600 µl of TRIzol® reagent (ThermoFisher Scientific, USA) with a Precellys® 24 Tissue Homogenizer (Bertin Instruments, France). In total, 3-5 replicates per timepoint, and 5 replicates per timepoints, were analyzed at stations JR85 and B13 respectively. 
For RNA extraction, a Phenol/Chloroform based single-step extraction in combination with a spin column based solid phase extraction (Direct-zol™ RNA MiniPrep Kit, Zymo Research, USA) has been used. To prevent gDNA contamination an on-column DNase I treatment has been applied as part of the RNA extraction kit. RNA purity and quantity have been checked on a NanoDrop 2000 spectrophotometer (ThermoFisher Scientific, USA) and RNA integrity was checked using a 2100 Bioanalyzer system (Agilent Technologies, USA). 
2 µg of RNA was reverse transcribed using RevertAid H Minus Reverse Transcriptase (200 U/µl; ThermoFisher Scientific, USA) along with random pentadecamer primers (100 µM). cDNA synthesis has been performed under the following conditions: 8 mins. At 65°C (without RT), 5 mins. at 25˚C, 60 mins. at 42˚C, 5 mins. at 70˚C,  at 4˚C. 



Gene expression analysis
The expression of six circadian core clock genes (clock, cycle, period1, timeless, cryptochrome2, vrille), 2 circadian clock-related genes (cryptochrome1, involved in environmental synchronization; doubletime2, involved in period length modulation) and 3 candidate reference genes (elongation factor 1-𝛼 , RNA polymerase, 16s rRNA) was measured using a SYBRGreen based single gene assay. Primer sequences for clock genes and reference genes were designed using data from Christie et al. [5] and Lenz et al. [6] respectively, and are detailed in Supplementary Material 3, table S1.
Quantitative real-time PCR (qPCR) was conducted with the PowerUp™ SYBR® Green Master Mix (ThermoFisher, USA) on a ViiATM 7 system (Applied Biosystems, USA) using the following conditions: 1 cycle of 2 min at 50˚C and 2 min. at 95˚C (DNA polymerase activation), 40 cycles of 15 s at 95˚C and 1 min. at 60˚C (amplification of target cDNA), 1 cycle of 15 s at 95˚C (1.6˚C/sec), 1 min. at 60˚C (1.6˚C/sec) and 15 s at 95˚C (0.15˚C/sec; all steps for melting curve analysis). 
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[bookmark: _Hlk42353650][bookmark: _Hlk42361649][bookmark: _Hlk42361840]The normalization of the gene expression levels was done with the 2-∆Ct method [7], using the geometric mean of the most stable reference genes (elongation factor 1-𝛼  and 16s rRNA). The 2-∆Ct method is a mathematical method to quantify the expression level of a target gene relative to an internal standard, i.e. a reference gene, where Ct is the threshold cycle during qPCR and ΔCt = Cttarget gene - Ctreference gene. Temporal expression profiles of C. finmarchicus clock genes were checked for daily and ultradian rhythms by the non-parametric method “RAIN” [8] implemented in the R package “RAIN” and used within the environment of the statistical software R [9]. The time series have been tested using the “independent” mode. Significant rhythms with a period of 12 ± 4h were termed ultradian and significant rhythms with a period of 24 ± 4h were termed daily. For each period range and each gene, the wave form yielding the most significant result was chosen. The false discovery rate of the p-values was corrected using the Benjamini-Hochberg method [10], implemented in the p.adjust function in R. For genes displaying significant daily oscillations at both stations, phase estimates were obtained from the RAIN algorithm and the amplitude of oscillation was calculated by taking half the distance between the maximum and minimum expression value of each time series, as used by the ARSER algorithm [11]. 
For purposes of visualization, the fold change of the 2-∆Ct values was calculated, by dividing each 2-∆Ct value by the minimum value of the respective time series. 
All graphs were produced using the ggplot2 package in R [12]. The map of the study site was created using Ocean Data View [13]. 
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