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Figure S1. A step-by Step depiction of the CLASH Analyst Workflow 

Figure S1A (top) & S1B (bottom) 

 

 

 

 

 

 



 

Figure S1 (continued).  

Figure S1C (left) & S1D (right) 

 

 

 

 

 

 

 



Figure S1 (continued).  

Figure S1E 
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Figure S2. The distribution of miRNA and piRNA binding sites in C. elegans. Note that 

while more piRNA targeting sites are found in CDSs, more miRNA targeting sites are 

found at 3’ UTRs.  

 

 



 

 

 

Figure S3. Examples of RNA-RNA interactions identified by CLASH Analyst 

The RNA-RNA interactions identified by CLASH Analyst, including lin-4 miRNA and lin-14 

(T25C12.1a.1) mRNA (top), and 21u-x1 piRNA and xol-1 (C18A11.5c.1) mRNA (bottom).  



 

 

 

 

Figure S4. A comparison of RNA-RNA interactions identified by CLAN or Hyb. 

A Venn diagram showing the unique and overlapping RNA-RNA interactions identified 

by CLAN or Hyb in analyzing the human miRNA CLASH data set (SRR959751).  

 

 

 

 

 

 

 

 

 

 



 

 

Tutorials for using CLASH Analyst 

Input 

          The user must upload a compressed FASTQ file, and two compressed FASTA files 

(Figure S1A). The FASTQ file will be the raw data from the CLASH experiment that the user 

wishes to analyze.  

 

The first compressed FASTA file must correspond to the regulatory RNA sequences  

 

and the second FASTA file should correspond to all RNA sequences the user wants CLASH 

Analyst to query as the target sequences.  



 

Each FASTA file should contain specific names, as these names will be used in all the 

available results.  

CLASH read preprocessing 

       CLASH Analyst will perform all necessary steps to preprocess the raw reads (including 

adaptor/barcode sequence removal, filtering reads by quality, etc.) so that chimeras can be 

identified. The user can choose default settings or select specific settings according to how 

the CLASH libraries were prepared.  



Users should provide adaptor information to allow precise trimming of adaptor sequences 

from the sequencing reads. Some library preparations include the ligation of a multiplexing 

barcode to the 5’ end of each RNA molecule. This sequence should be provided so that 

CLASH Analyst can trim it from reads before downstream analysis. Some library preparations 

may also include some number of random nucleotides during 5’ adaptor ligation to act as 

unique molecular identifiers (UMIs). The user should provide the number of random 

nucleotides included in the 5’ adaptor to allow CLASH Analyst to trim UMIs. For example, if 

the 5’ adaptor includes 6 random nucleotides, then the user should input NNNNNN as the 5’ 

barcode input. Similarly, 3’ adaptors sequence can be provided for precise trimming. Since 

Trim galore is capable of detecting 3’ adaptor sequences without prompting, Trim galore is 

chosen as the default trimming tool (1). If the user chooses this tool then 3’ adaptor sequence 

input is optional (although providing the sequence can help). The user can also select from 

two other tools, flexbar or fastx, to perform adaptor trimming (2,3). Based on how molecules 

were collected during library construction, the user should have an expectation of the length 

of reads following adaptor trimming and select/filter only reads of a certain length range for 

analyses. For example, if RNA molecules between 17-70nt long were selected and ligated to 

adaptors, then the trimmed reads should be 17-70nt in length. The user can adjust the range 

of RNA lengths that will be analyzed. Finally, the user can filter reads that do not meet a 

quality threshold encoded in the FASTQ file, which is called the Phred score. Phred scores 

are assigned during sequencing based on the probability of errant base calling. The default 

threshold for the Phred score is 30. A Phred score of 30, 40, or 50 for a particular base 

corresponds to a 99.9%, 99.99%, or 99.999% likelihood that the called base is accurate, 

respectively. CLASH Analyst can also accept data that has been pre-processed prior to being 

uploaded if the user wishes to perform these steps themselves. 



 

Identify Chimeras 

       Once data is pre-processed CLASH Analyst will identify chimeric reads using default or 

user-defined settings. The user can choose between 3 different algorithms to assign chimeric 

reads: CLAN (4), Hyb (5), and piRTarBase (6) (see figure below). These algorithms differ on 

how they search for chimeric reads, resulting in some differences in the set of interactions 

they each identify. The default searching tool in CLASH Analyst is CLAN.  

If the user chooses to use CLAN, they can use default settings or select the minimum 

length of each fragment within a chimera read for analyses. Additionally, the user can specify 

how much overlap between the two fragments is allowed. If the default value of 4 is selected, 

then 4nt would be allowed to map to each fragment simultaneously. The user can also 

specify how many hits will be allowed for each fragment, as each fragment could match 

multiple user-input FASTA sequences. 

 

 If the user chooses to use Hyb, the overlap allowance and multiple hit allowance must 

be specified as with CLAN, as well as a fragment selection threshold, which is the same as 

the e-value used in BLAST (7). This value represents the number of hits expected by chance 

for a given mapped sequence to be found elsewhere with the same mapping quality. The 



default value of 0.1 corresponds to a tolerance of up to a 10% chance of a given mapped 

read to be found to map with the same quality by chance.  

 

If the user chooses to use piRTarBase, then they should specify the maximum number 

of mismatches allowed in each fragment within a chimera – both the regulatory RNA 

fragment and the target RNA fragment. Choosing the default of 0 for each will result in 

chimeric reads only being identified if they match both a regulatory RNA and remaining read 

sequence with 100% sequence identity. piRTarBase requires the full regulatory RNA 

sequence to be present in a given read, so users can specify the required length of the 

remaining sequence. Like with CLAN, the user can also specify the hit allowance.  

 



We recommend users to first analyze their data with CLAN if they are unsure of which 

algorithm to choose, as CLAN will perform the least stringent analysis. Then, to further refine 

the results, users can choose to re-run their data using Hyb or piRTarBase. 

 

User information 

       Once the user has uploaded all data and selected all necessary settings, they can submit 

the analysis job by pressing submit at the bottom of the page. A Job ID and a website link are 

provided for the users to check the status and examine the results.  

 

The analysis can typically take a few hours to run (sometimes a day for larger datasets), so 

we have provided an option to input an email address for the user to be notified once the 

analysis is complete. This is an optional step and the email address will be used only to notify 

and send the user a link to the results page. 

 

Chimeric Reads Output 

      Once a user receives an email with a link to the results page or has checked the link after 

the run is complete, then they can examine the results within CLASH Analyst. A summary of 



the analysis is first displayed in two tables. The first shows all the user-specified settings that 

were used to perform the analysis while the second shows the number of reads provided by 

the user, the number of reads and unique reads after trimming the adaptors, the number of 

those trimmed reads that were identified as chimeric, and the number of RNA-RNA 

interactions identified. The user can also download the complete results in .csv format for 

additional analyses, if needed.  

  

     The user can select how the results should be displayed, either by identified regulatory 

RNAs within the chimera, by identified target RNAs within the chimera, or by identified RNA-

RNA pairs. The browsable and searchable table containing the remainder of the output will 

depend on which browse mode was selected and will be discussed separately here.  

Browse modes 

1. Browse by Regulatory RNA Name 



The browsable and searchable output table will contain 3 columns: a column corresponding 

to regulatory RNA names, a column displaying the number of the identified target RNAs for 

each regulatory RNA, and an option to show more details about the targets for each 

regulatory RNA (see figure below).  

  

When clicking “show target names”, it will reveal all target RNAs identified within chimeras 

containing the selected regulatory RNA in a tabular format. Within the table, users can find 

the number of chimeric reads representing the number of unique chimeras containing that 

RNA-RNA interaction. Additionally, any of the regulatory RNA-target RNA pairs can be further 

examined by clicking “show interaction” (see figure below).   

  



This will reveal a graphic showing the interactions between target RNA and regulatory RNA, 

as well as a table that shows details of each identified interactions (see figure below). 

 

  



This table shows information about each hybrid, including the number of reads, the 

thermodynamic favorability of the regulatory RNA and target RNA fragments identified in the 

hybrid, where the fragments are mapped in the hybrid, and the base pairing between the 

identified fragments.  

 

2. Browse by Target RNA Name 

The output table will contain 4 columns: a column corresponding to target RNA name, a 

column displaying the number of unique chimeras that contained that target RNA, a column 

displaying the number of unique regulatory RNAs found to pair with that target, and an option 

to show interactions involving each target RNA.  

  

By clicking “show interaction” the user can view a detailed graphic and table outlining all 

interactions involving that target RNA (as shown in the previous browse mode).  

 
 
 
 
 



3. Browse by RNA-RNA Pair 

Users can also browse by RNA-RNA Pair. The results can either be sorted according to read 

count or according to the binding energy (represented as RNAup score) (8). The output table 

will have rows corresponding to each unique chimera, and will show information about each 

hybrid, including the read count, the thermodynamic favorability (represented by RNAup 

score) of the regulatory RNA and target RNA fragments identified in the hybrid, where the 

fragments are mapped in the hybrid, and the base pairing between the identified fragments. 

The webpage will only show the first 10,000 results. To view the complete results, the user 

can download the result table as discussed above. 

 

 

CLASH Analyst Webserver construction 

The CLASH Analyst analysis pipeline behind the web interface is implemented using the awk, 

bash and Python scripts. The web interface of CLASH Analyst was constructed using Django, 

a Python web framework that encourages rapid web development. All figures in CLASH 

Analyst were generated using D3.js, a JavaScript library which provides powerful 

visualization components. All tables in CLASH Analyst were generated using DataTables, a 

table enhancing plug-in for the jQuery Javascript library which adds sorting, paging and 



filtering abilities to plain HTML tables with minimal effort. CLASH Analyst is available at 

https://cosbi7.ee.ncku.edu.tw/CLASHanalyst/ (main site) or 

https://cosbi.ee.ncku.edu.tw/CLASHanalyst/ (backup site). 

 

Browser compatibility  

OS Version Chrome Firefox MicrosoftEdge Safari 

Linux CentOS 6 n/a 84.0 n/a n/a 

MacOS HighSierra 87.0 n/a n/a 11.1 

Windows 10 87.0 84.0 87.0 n/a 
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