
SUPPLEMENTARY INFORMATION 
 
Additional examples of biological applications 
 
Plot of expression data 
An example of how this database can also be applied to understand development is the study of the role of ezrin 
(ezr) genes. Diz-Muñoz et al. have shown that during zebrafish early development, inhibition of ezrb is sufficient 
to affect the mechanical properties of precordal plate progenitors (Diz-Muñoz et al., 2010). However, the ezra 
gene was not analysed. Using this database, we can observe that the only paralogue expressed during the first hours 
of development is ezrb (Supplementary Fig. S6), which supports their results and explains why ezra gene inhibition 
was not necessary. 
 
Correlations 
An example on how this database can be used to obtain general results that are not specific to regeneration is the 
study of proteins involved in caveolae formation. To do that, we used all the datasets in the database to find which 
genes are co-expressed with cav1. Interestingly, some of the first genes on the list, such as ehd2b (Moren et al., 
2012), sdprb (Hansen et al., 2009), myo1ca and myo1cb (Hernandez et al., 2013) are known to form part, or are 
closely associated with, caveolae. However, in the top part of this list, we find other genes, such as ccdc187 and 
gypc, which have not been previously related to caveolae. Our results suggest a possible relationship between these 
genes and the caveolae (Supplementary Fig. S7). 
 
Venn diagrams 
This database includes different datasets that study the regeneration of each organ. However, there are differences 
in their experimental setup, including the injury model used and the stages analysed. Using this application, we 
analysed three heart regeneration datasets from the laboratories of Poss (Goldman et al., 2017), Stainier (Lai et al., 
2017) and Flores (Bednarek et al., 2015). Besides the experimental differences, we found 269 differentially 
expressed genes in common in the three different datasets. This provides a high degree of confidence of the 
behaviour of these genes in response to injury (Supplementary Fig. S8). 

Methods 
Sources of RNA-Seq datasets 
We collected a total of 22 datasets and 340 samples from public platforms Gene Expression Omnibus (GEO) 
(Barrett et al., 2012), Sequence read Archive (SRA) and Bioproject (BioProject) (Goldman et al., 2017; Lai et al., 
2017; Han et al., 2014; Bednarek et al., 2015; Natarajan et al., 2018; King et al., 2018; Sánchez-Iranzo, Galardi-
Castilla, Minguillón, et al., 2018; Sánchez-Iranzo, Galardi-Castilla, Sanz-Morejón, et al., 2018; Mokalled et al., 
2016; Kang et al., 2016; King and Yin, 2016; Rabinowitz et al., 2017; Jiang et al., 2014; Sifuentes et al., 2016; 
Oosterhof et al., 2017; Feng et al., 2015; Louie et al., 2017; PRJEB1986; Pauli et al., 2012; Levin et al., 2016; 
Herman et al., 2018). 
Datasets were selected according to the following criteria: they can be found in GEO or Bioproject by using the 
words “zebrafish regeneration” or “fish regeneration”. The model organism should be zebrafish or any other fish 
species, and the datasets should be of general interest, excluding any experiments that are restricted to study the 
effect of a specific gene. In addition, developmental datasets that are representative of a wide developmental range 
(defined as including at least 5 different developmental stages) were included. 
 
SRA to Fastq conversion 
SRA files were converted into fastq files by using fastq-dump (Sequence Read Archive Handbook) using its default 
parameters, or --split-files for all datasets that are paired-end. 
  
 
 
 



Quality control and trim of low-quality reads and adapters 
A quality control was performed with fastqc (Andrews). Trimmomatic (Bolger et al., 2014) was used to trim low-
quality reads and adaptor sequences when necessary. The following parameters were used: “LEADING:3 
TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36”.  
Specifically, Trimommatic was applied to a whole dataset when, in “per base sequence quality” section of fastqc, 
there was at least one of the samples with at least one base with more than 10% of the reads with a quality value 
(Q in the fastq format) lower than 20 (lower whisker in the red area). This applied to the following datasets: “Heart 
regeneration (Poss lab.)”, “Heart regeneration (Stainier lab)”, “Heart regeneration (Xiong lab)”, “Heart 
regeneration (Yin lab.)”, “Muller glia (Raymond lab.)”, “Fin regeneration (Yin lab)”, “Developmental stages 
(Schier lab)”, “Developmental stages (PRJEB1986)”. 
In addition, Trimmomatic was also applied when the percentage of adapters was too high. We defined too high 
adapter content when they were present  in more than 5% of the reads of at least one of the samples of a dataset 
(warning in the “adapter content” section of fastqc). This applied to the “Cardiac fibrosis (Mercader lab)”, where 
the ILLUMINACLIP:TrueSeq3-SE.fa:2:30:10” parameter was added; and for the “Liver regeneration (Cui lab)” 
dataset, where the parameter “ILLUMINACLIP:TruSeq2-PE.fa:2:30:10” was added. 
In all the datasets that were paired-end, the option “PE” was included and both paired files were trimmed 
simultaneously, while when they were single-end, the option “SE” was included. 
 
Alignment to the reference genome 
RSEM 1.2.25 (Li and Dewey, 2011), calling Bowtie2 2.2.6 (Langmead and Salzberg, 2012), was utilised to align 
the reads to the Danio rerio reference transcriptome (ENSEMBL release 89). Default parameters were used, except 
for “--estimate-rspd” in RSEM that was set to “on”. The parameter “--paired-end” was included in RSEM when 
necessary. 
RSEM aligned files for the dataset “Spinal cord regeneration P. marinus (Bloom lab.)” were directly downloaded 
from GEO. 
“Expected counts” and “fragments per kilobase of transcript per million mapped reads” (fpkm) were used for 
further analyses. Fig. 1 shows a schematic representation of this workflow. 
 
Web interface and R analysis 
Data was analysed and displayed using R (Team., 2014). Specifically, the Shiny R (Chang W et al., 2015) package 
was used to build the web interface.  
 
Plot fpkm application 
fpkm values were plotted by using ggplot2 (Wickham, 2009). In the box plots, the hinges correspond to the first 
and third quartiles (25th and 75th percentiles). The whiskers extends from the hinges to the highest and lowest 
values as long as they don’t extend more than 1.5 interquartile ranges from the hinges. 
In datasets where there are no replicates, boxplots are substituted by lines. 
Moreover, individual data points were overlaid. 
In the “Developmental stages (Yanai lab.)” dataset, as there is a big number of points with only one replicate and 
equally spaced in time, a continuous line was displayed.  
  
Correlations application 
Every sample present in the selected datasets is used to calculate the correlations. 
 
Correlations were calculated by using the cor function (stats package) with its default parameters. Correlations are 
calculated using the Pearson method. 
 
t-statistic was calculated by using the following equation:  

𝑡 = 𝑟	%
𝑛 − 2
1 − 𝑟* 

where r is the correlation coefficient, and n is the number of samples used to calculate a correlation. 
 



The two-tailed p-value was calculated as 2*pt(t, df = (n-1)), where t is the t-statistic, n is the number of samples 
used to calculate a correlation and pt the R function (stats package). 
 
 
Differentially expressed genes application 
Differentially expressed genes were calculated with the edgeR R package (Robinson et al., 2010).  
First, a dataframe is generated, which includes the expected counts of only the samples present in the two groups 
that are being compared. 
Then, low-expressed genes are filtered. To keep a gene for the differential expression analysis, it has to be 
expressed at more than 1 count per million (cpm) level in at least as many samples as the size of the smallest group 
that is being compared. For example, if we are comparing a condition including 4 biological replicates to other 
condition including 3 biological replicates, only genes that are expressed at least at 1 cpm in 3 of the samples are 
kept. 
Normalization is done by using the calcNormFactors function (edgeR package) with its default parameters, which 
includes the TMM-normalization method (trimmed mean of M-values). 
Dispersion is calculated by using the estimateDisp function (edgeR package) with its defaults parameters. For 
datasets where there were no replicates, a bcv value of 0.4 was used.  
exactTest function (edgeR package) with its default parameters is used to calculate differentially expressed genes. 
When there were no replicates, the parameter dispersion was set to 0.4^2. 
Volcano plots are made using plotly (Plotly Technologies, 2015).  
 
Datasets information 
Information on each sample and links to publications were manually introduced and displayed in the database, 
according to the information available in GEO. 
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Supplementary Figures 
 

 
 
Supplementary Figure 1. Expression of the fn1a and fn1b genes by using the “Plot fpkm” application. (A) 
Screenshot of the selection menu. Screenshot of the plots showing the expression levels of fn1a and fn1b in the 
“Fin regeneration (Poss lab.)” dataset (B) and the “Fin regeneration (Yin lab.)” dataset (C). 
 
 
 
 
 



 
 
Supplementary Figure 2. Correlation of the col1a2 expression with all the other genes in the zebrafish 
genome. All the regeneration data sets were used to calculate correlations. (A) Selection panel of the datasets and 
the gene to be used to calculate the correlations. (B) Genes showing a higher correlation value with the selected 
gene. 
 
 



 
 
Supplementary Figure 3. Screenshot of the “Differential expression” application. (A) Selection panel. (B) 
Interactive volcano plot. (C) Differentially expressed genes between the selected samples. 
 
 
 



 
 
Supplementary Figure 4. Up-regulated genes in three different organs during regeneration: heart, spinal 
cord and fin. (A, B) Screenshot of the selection menu. (C) Venn diagram. (D) List of the genes in common among 
the three lists. Geometric mean of the FDR values is shown and genes are ordered according to the descending 
order of this value. 
 
 
 
 
 



 
 
Supplementary Figure 5. Screenshot of the information and references provided about each dataset. Links to the 
publication that describes the datasets and the raw data repository are provided. To facilitate the rapid 
understanding of the data, a short summary of the experiment is provided. 
 
 
 



 
 
Supplementary Figure 6. Expression of the ezra and ezrb genes using the “Plot fpkm” application. Expression 
of ezra and ezrb are shown in different development stages datasets from Schier lab. (A), and Yanain lab. (B).  
 
 
 
 
 
 
 
 



 
 
Supplementary Figure 7. Correlation of the cav1 expression with all the other genes in the zebrafish genome. All 
the datasets were used to calculate correlations. (A) Selection panel of the datasets and the gene to be used to 
calculate the correlations. (B) Genes showing a higher correlation value with the selected gene. 
 
 



 
 
Supplementary Figure 8. Genes differentially expressed in three heart regeneration datasets each of them 
performed by a different laboratory. (A, B) Screenshot of the selection menu. (C) Venn diagram. (D) List of the 
genes in common among the three lists. Geometric mean of the FDR values is shown and genes are ordered 
according to the descending order of this value. 
 

 
 
 


