
SUPPLEMENTAL DATA

1) Legends to Supplemental Tables S1, S4, S5a and S5b

Table S1. Compilation of the origins of all the data used in this study. Genome versions used in the original studies, as well as the recent ones used here are given; the parameters used to decide the low, medium and high stringency confidence level are indicated; the number of proteins recovered from the studies, as well as the numbers after remapping to the new genome versions are shown. For clarity, the columns referring to low confidence are in blue, medium in red and high in black.

Table S4. Example of a ciliary proteome built using Cildb. Here, we build the ciliary proteome of Danio rerio, for which no high throughput ciliary study exists, just by filtering proteins with orthologs detected in at least three ciliary studies with medium confidence stringency (using Inparanoid + best hits filtered as orthology method).

Table S5a. Query in the Chlamydomonas genome for proteins having orthologs in Homo sapiens but not in Arabidopsis thaliana. In the result table are included attributes such as presence in the study of (1), e-values from this study, and numbers of ciliary studies in any species that detected the proteins. The table is sorted according to the occurrences in the Li et al. study (1) with low, medium and high confidence.

Table S5b. Query in the Chlamydomonas genome for proteins detected by Li et al. (1) with low confidence. In the result table are included attributes such as the presence of orthologs in Homo sapiens and Arabidopsis thaliana. The table is sorted according to these properties.

2) Proteomics of Paramecium Cilia

INTRODUCTION

In order to analyze the protein complement of cilia in Paramecium, we undertook a proteomic analysis of isolated cilia by mass spectrometry. The output as well as a comparison with transcriptome data on cells in the course of ciliary biogenesis (Arnaiz et al., in preparation), available in ParameciumDB and Cildb, are presented here.

EXPERIMENTAL PROCEDURES

Paramecium strains and culture conditions

Stock d4-2 of Paramecium tetraurelia is the wild-type reference strain. The mutant nd7-1 carries a recessive monogenic mutation in d4-2 background, which prevents trichocyst discharge (2), a dispensable function under laboratory conditions, was used for cell deciliation experiments to avoid contamination of cilia preparations by trichocysts whose discharge is also provoked by the deciliation shock. Cells were grown at 27°C in a wheat grass infusion (BHB, L’arbre de vie, Luçay Le Mâle, France) inoculated with Klebsiella pneumoniae and supplemented with 0.8 µg/ml b-sitosterol according to standard procedures (3). 

Deciliation procedure

Log-phase or stationary cultures of the nd7-1 mutant were harvested and deciliation was performed by transfer of 0.2-0.5 ml cell pellets into 7 ml of TrisHCl pH7.4 10mM, CaCl2 1mM, ethanol 5% in a 15 mL Falcon tube. The cell suspensions were vortexed at maximum speed during 30 sec. The cell suspension was centrifuged 2 min. at low speed in a clinical centrifuge and the cilia in the supernatant were recovered. 

Proteome analysis

Proteins from purified cilia (Fig. S1A) were separated by electrophoresis on a polyacrylamide SDS gel, from which 79 bands were cut out (Fig. S1B). The protein contents of each band was digested with trypsin and subsequently reduced and alkylated. The resulting peptide mixtures were applied to an RP-18 pre-column (Waters) using water containing 0.1% TFA as mobile phase and then transferred to a nano-HPLC RP-18 column (Waters, 75 m inner diameter) using an acetonitrile gradient (0-30% acetonitrile in 45 minutes) in the presence of 0.1% formic acid with a flow rate of 250 nL/minute. Column outlet was directly coupled to the ion source of the LTQ-FTICR (Thermo) ion cyclotron mass spectrometer working in the regime of data dependent MS to MS/MS switch. A blank run ensuring lack of cross contamination from previous samples preceded each analysis. After preprocessing of the raw data with MASCOT Distiller software (version 2.1, Matrix Science, http://www.matrixscience.com), the output lists of precursor and product ions were compared with protein and EST databases using the Mascot search engine (eight processor version) installed on a local server (4). For Mascot searches, three databases were used: NCBI nr database (4874565 sequences, 1684337227 residues), Paramecium predicted proteins and Paramecium EST available from ParameciumDB http://paramecium.cgm.cnrs-gif.fr/


 (5). For validation of results, samples were also searched against randomized NCBI nr and Paramecium databases and Mascot score thresholds were set for the False Positive Rate not to exceed 1%.

RESULTS AND DISCUSSION

Ciliary proteome and transcriptome analyses in Paramecium.

The protein composition of Paramecium cilia was obtained by mass spectrometry analysis of proteins isolated from purified cilia (Fig. S1). Peptide sequences detected by mass spectrometry were mapped to Paramecium proteins predicted from the genome sequence. Given the occurrence of several whole genome duplications in the Paramecium lineage, many multigene families with closely related sequences exist, and a single peptide often matches several predicted proteins. Therefore, in the description of ciliary proteins, we not only give the number of unique peptides corresponding to a given protein, but also the number of peptides in this protein unique in the genome, and unique except within the ohnolog family (Note: the paralogs issued from whole genome duplications are called ohnologs as proposed by Wolfe (6)). In this study, 1108 proteins were identified by at least two peptides and 733 by at least four peptides, respectively corresponding to 660 and 447 ohnolog families (Table S2).

In parallel, an anlysis of transcriptome modifications induced by ciliary biogenesis has been conducted (Arnaiz et al, in preparation) and the results have been deposited in GEO and made publicly available in ParameciumDB and Cildb. After deciliation, 963 genes were found to be induced with a false discovery rate (FDR) ≤ 0.05 and 155 with a FDR ≤ 0.01, corresponding respectively to 818 and 147 ohnolog families. All the genes retained in this screen showed fold changes from ca. 2 to 10 (Table S2). 

Among the 1108 and 963 proteins (660 and 818 families) obtained in proteome and transcriptome experiments respectively, 327 (260 families) are in common, which mainly correspond to components of the structural and motor activity of the axoneme (Table S3), according to analysis of their GO terms. This result is consistent with what has been found in Chlamydomonas, the only species besides Paramecium in which both flagellar proteome and transcriptome evolution during reflagellation have been performed. Of the 619 flagellar proteins and the 187 upregulated genes during reflagellation, 112 show up in both experiments, as determined using Cildb. In Paramecium, the 781 proteins (527 families) found in proteomics but not in transcriptomics concern essentially ion and protein transport, signal transduction, carbohydrate metabolism, oxygen binding and enzyme regulator activity. Conversely, the 636 proteins (586 families) identified in transcriptomics but not in proteomics are mostly novel proteins, and the only few representatives with GO terms concern DNA metabolism, morphogenesis, nucleus and ion channel activity (Table S3). The transcriptome analysis more easily revealed proteins with a role in ciliogenesis, but not necessarily abundant components of cilia detectable by proteomics.
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3) Legend to supplemental figure S1 and Supplemental Tables S2 and S3

Figure S1. Ciliary samples used for mass spectrometry. A. Preparation of Paramecium cilia viewed by phase contrast microscopy. Bar = 10µm. B. SDS polyacrylamide gel of purified Paramecium cilia stained in Coomassie blue representing four lanes identical to the one used for proteomics. Molecular mass markers have been deposited on the right lane. The scale on the left indicates the position of the 79 slices cut out from the gel for mass spectrometric analysis.

Table S2. Paramecium proteins identified by proteomics of cilia or increase of mRNA level during reciliation. All Paramecium proteins discovered in the present proteome and transcriptome studies are listed here, with details about the number of peptides found by mass spectrometry for each protein, the fold change and false discovery rate for mRNA level, as well as orthology information with species in which ciliary studies exist.

Table S3. Comparison of the sets of proteins found by the proteome and transcriptome approaches. Proteins of the sets have been attributed, when possible, GO terms using InterProScan (7) and these terms were mapped to a less granular level using generic GO Slim ontology ans the map2slim.pl script (http://www.geneontology.org/GO.slims.shtml). The number of proteins in each class has been determined, as well as the number of ohnolog families, so that columns in the table go by pairs. The pairs of columns refer respectively to proteins found in the proteome, in the transcriptome, in the proteome AND the transcriptome, in the proteome OR the transcriptome, in the proteome BUT NOT in the transcriptome, and in the transcriptome BUT NOT in the proteome. Protein class preferentially associated with the ciliary proteome are highlighted in blue, those preferentially found as highly expressed after deciliation in orange, and those equally represented in both sets in purple.
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