In search of your genome’s elusive CRISPR sequences? Well look no further!
Welcome to 
CRISPRFinder!!

CRISPRFinder is a program specifically created to find CRISPR sequences within a larger nucleic acid sequence. CRISPRs (Clustered Regularly Interspaced Short Palindromic Repeats) are repeated nucleic acid sequences that bracket short segments of non-repeat DNA. These are called spacers. The repeat sequences are called Direct Repeats (DR) and are 24-47 base pairs long on average.  
Generally associated with CRISPR sequences are leader sequences that are 200-350bp long. They flank one side of the sequence are presumed to act as a promoter. As shown in the figure below, the leader sequence is followed by alternating DRs and spacers.
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SUMMARY FIGURE
	It has been hypothesized that CRISPRS might be used as an immunological defense. They are found commonly in prokaryotes and the spacers are thought to be part of viral or bacteriophage genomes. The flanking sequence is thought to be a promoter that initiates transcription of the spacers to produce siRNA. These small interfering RNA sequences work to break down viral genes that attempt to infiltrate the cell, but only if there is a spacer similar or identical to the infecting strain.
	CRISPR Associated Proteins (Cas) are usually found near CRISPR sequences. It is not known exactly how many there are but CAS1, Cas2, Cas3 and Cas4 are conserved across many species. Their function is not clearly defined but they do seem to have DNA-binding domains and may be involved in acquisition of new spacers.


To access CRISPR finder, follow the following URL: http://crispr.u-psud.fr/Server/ . It will bring you to this page:[image: :Picture 1.png]˙
You can either input your DNA sequence in FASTA format by pasting it into the box, or you can upload a file from your computer.  Just make sure that either input is in FASTA format and begins with “>”. Once you have selected your data, hit “FindCRISPR”. The process works faster if you upload a file but usually takes no more than 30 seconds, even with an entire archaeal genome. 

Since CRISPRFinder is most effective and most likely to be used with entire genomes, I am using the Halomicrobium mukohataei full genome for the purposes of this tutorial. I downloaded the file and uploaded it into CRISPRFinder using the Choose File option.[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 1.png]
Then you hit “FindCRISPR”.

 If the program has worked, you will reach a page that says “Upload done with success.” If you pasted text into the box you should  see a page that says, “Copying the genomic sequence in the server with success”. Regardless of your input method, you should see a box that looks something like this:
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 2.png]
In the left box are the list of confirmed CRISPR sequences and to the right are sequences that the algorithm has deemed a possible CRISPR. This means that potential DR sequences have been found but they usually have very few spacers associated with them. 

This is IMPORTANT. CRISPRFinder reads each FASTA sequence as a separate file for CRISPR detection. This means that you can upload multiple FASTA sequences at a time. However, if your genome has multiple contigs, each represented by a separate FASTA file, the program will calculate their CRISPRs separately with Confirmed sequences listed first for each FASTA input file. H. mukohataei has two confirmed CRISPR sequences but the second is located in a different contig and is therefore not shown in this information box. 




If you scroll down the page, you will find detailed information about the CRISPRs discovered by the program. At the beginning of each confirmed or questionable CRISPR there is a box which looks like this:

[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 3.png]

CRISPR id:  the “tmp” number refers to which FASTA sequence the CRISPR was found in.  The “Crispr” number refers to where the CRISPR was found in the sequence. For example, starting from the first nucleotide, this was the 12th CRISPR found in the first contig in the H. mukohataei genome. 
Start and End positions: This refers to where the CRISPR sequence begins at ends. It starts with the first nucleotide of the first DR sequence and ends at the last nucleotide of the last DR sequence. 
DR consensus: This is the consensus sequence for all the DRs in this CRISPR. Sometimes, all the DR are identical but in other cases they are only very similar. This consensus sequence comes from the most frequent nucleotides found at each position in the DR.
Number of spacers: This refers to the number of sequences found in between the DRs for this particular CRISPR.

CRISPRs are presented in the following format: 
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 4.png]
The numbers to the left and right are nucleotide positions of the first and last nucleotide on that line, respectively. Sequences highlighted in yellow are DR sequences and the multi-colored sequences to the right are spacers. As shown in the Summary Figure on the first page, the DNA sequence has not been altered, simply reformatted and should be read as follows: 




[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 5.png]

Contigs will be presented in the order they were submitted in your input file. 
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 7.png]
CRISPRFinder is unique in that it lets you manipulate the results it finds using this bar, found in the upper left hand corner. Clicking on CRISPR Finder will bring you back to the CRISPRFinder Home Page. BLAST Spacers will BLAST the spacers found by CRISPR Finder and tell you which other organism’s sequences (if any) show significant similarity. Flanking Sequences will show you the sequences flanking each of your CRISPRs, including the Leader (as shown in the Summary Figure). Identical DRs will take you to the CRISPR database to identify any DRs that have already been discovered and recorded that may be identical to yours. Save Files will allow you to save the information found by CRISPRFinder to your computer. 


BLAST Spacers
Clicking on this link brings you to a page which contains all the spacers found in your input file. You can select as many as you like to enter into BLAST. I would recommend only doing one or a few at a time, otherwise the output becomes very complicated. 
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 9.png]
As seen above, I selected the first spacer. At the bottom of each set of spacers are three options:  [image: Macintosh HD:Users:sapyfrom:Desktop:Picture 11.png]

Selecting Blast_spacers will BLAST the spacers that you have chosen. Reset will remove all selections and leave all the check boxes empty. Reverse selection will select previously unselected spacers and uncheck boxes that were previously checked. 

Once you BLAST the spacers you will reach a page that is very similar to a BLASTn results page. If you selected multiple spacers, they will be BLASTed individually so you can view the results from the first spacer while waiting for the others to finish. 

Unfortunately, for the first spacer, there were no significant similarities found other than in the H. mukohataei genome: [image: Macintosh HD:Users:sapyfrom:Desktop:Picture 13.png]
Because CRISPRFinder determines results based on a low E-value, many results are omitted. Running the same sequence on BLASTn produces many more results with much larger E-values. Even though these may not be “significant” they may be useful. I would not recommend using CRISPRs BLAST program and would suggest pasting spacers into BLASTn and searching there instead. 




Flanking Sequences: 
Clicking on Flanking Sequences will take you to a page that contains all the flanking sequences for each of the CRISPRs. [image: Macintosh HD:Users:sapyfrom:Desktop:Picture 14.png]
Again, there is a box at the top that lists all the Confirmed and Questionable CRISPRs in the first contig. Similar to the original CRISPR output, this page also organizes by FASTA sequence so you will have to scroll down to find Confirmed CRISPRs in each new FASTA sequence in your input file. 

This new page gives you the DR consensus sequence followed by the 100 nucleotides preceding the first DR and following the last DR. You can choose to see more or fewer nucleotides to the left and to the right of the CRISPR by typing a new number of nucleotides into the “length=” box. Clicking on the “Get sequences” button will update the desired length if you chose to change it. You can opt to BLAST the flanking sequences using the check boxes shown above. But, again, I would recommend copying and pasting the sequences into a BLASTn search, rather than relying on the CRISPR program.

Identical DRs:
Clicking on this link will bring you to a page that lists all the DR consensus sequences and gives you the option of searching the CRISPR database for identical DR sequences. However, you can only search the confirmed DR consensus sequences: 
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 15.png]
Questionable CRISPR DRs are listed but do not have the option to search the database. If you click on “(Identical DRs in the CRISPR database)” it will take you to a page that lists all the identical DRs found in the CRISPR database: [image: Macintosh HD:Users:sapyfrom:Desktop:Picture 16.png]
In this case, H. mukohataei is the only organism in the database that contains this particular DR. If there had been others, CRISPRFinder would give you the option of viewing—in greater detail—the CRISPR associated with those DRs. You would be able to see the full range of DRs and spacers in that CRISPR. 

Save Files:
Clicking on this link will take you to a page that, once again, lists all the CRISPRs by input order of FASTA sequence, with Confirmed sequences listed first for each FASTA input file.
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 17.png]
For each CRISPR—Questionable or Confirmed—you can save just the spacers or all the properties of the CRISPR. Clicking on the “Spacers Fasta file” will bring you to a page that looks like this:
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 18.png]
This is simply a Fasta-formatted list of all the spacers in the selected CRISPR.
Clicking on “CRISPR properties file” will bring you to a page like this:
[image: Macintosh HD:Users:sapyfrom:Desktop:Picture 19.png]
This file gives you the DR consensus sequence along with the length of the DR, number of spacers, position of the CRISPR etc; everything that the CRISPRFinder output offers. The only significant (and this is quite significant) difference is that this Properties file does not include all of the DR sequences, only the consensus. Since CRISPRs occasionally have minor differences in DR sequence within a CRISPR, you lose this information by using this file. You can save either the Spacers file or CRISPR Properties file by right clicking on the blue link and selecting “Saved Linked File to the Desktop” or “Saved Linked File As”.
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