Guide Finder Complete Genome Example Exercise:

Prior to beginning the example exercise, read the instructions listed in the guide finder protocol for complete genomes. Download the R and RStudio. 

1. Identify required files and information:
· Fasta file (single-sequence) 
· GenBank Accession # 
In the “Complete Genome Example” folder, you will find a fasta file containing the nucleotide sequence of the complete genome for a strain of Streptococcus mutans. This file was downloaded from GenBank. The accession number for the genome was also located on the NCBI website, as shown below (red arrow). 



2. Open the guide finder script with the RStudio program and set the working directory. 
The working directory is where all of the files you input into this program should be kept and where all files output by this program will save to. For ease, you can set your working directory to your Desktop, similar to the example shown below, if desired. Set the working directory by identifying the file path to this location. Press the green arrow to run this chunk of code 



3. Run the next three chunks of code (“Install Packages”, “Loading Packages”, and “Lists Functions”). You can do this by pressing the green arrow at the top of each chunk. You do not need to make any edits to any of these sections of code. Note that you only need to install the packages once and you only need to load the packages each time you run the guide finder script. 


4. Set the BLAST file path and the name of the fasta file in the “Set BLAST Path & File” chunk 
A. As shown in the red boxes, set the file path for the location of the makeblastdb file and the blastn file. 
If you do not know how to identify the full path of these files, you can use the “FindPaths-Mac” script to assist you.
B. Set the name of the fasta file here, as shown in the blue box. If not already, change to mutansexamplefastafile.txt for this example. Make sure this file is held in the working directory.



5. Input the FASTA file. 
Do this by including the name of your fasta file in the quotation marks within the readDNAStringSet function. This should be the same file as the last step. Make sure this file is held in the working directory. Run this chunk of code. 







6. Define putative promoter region. 
The number you input here will determine how far upstream of a gene’s start site the Guide Finder program will look to identify guides in the promoter region. This can be set anywhere between 0-100. For this exercise, set PromoterRegion to 50 (as shown in the red box). 





7.Set CompleteGenome to TRUE.
In this next chunk of code, set CompleteGenome to TRUE and run this chunk. 

[image: ]

8. Set the GenBank Accession Number and run this chunk of code.
The Streptococcus mutans accession number should be set as default, but if not, add the number to the function readGenBank, in parentheses as shown below. S. mutans number is: AE014133.2. Press the green arrow to run this chunk of code








8. Skip the next chunk of code (labeled FOR DRAFT GENOMES ONLY). 
Do not run this piece. 

9. Set parameters for guide design 
For this S. mutans example, we will set the following parameters for guide design. These are based on rational design parameters that have been successfully used to design guides in our lab. The meaning of each parameter is outlined in the R script, as shown below. Press the green arrow to run this chunk of code













10. Set ManualGuideSelection to FALSE 
This chunk of code allows a user to only use the guide finder program to design guides for a select number of genes (if using a complete genome) The genes are subset using unique locus identification numbers. For this S. mutans example, we want to run the program on the entire genome so we set ManualSelection to FALSE. There is no need to change or delete the gene identifier numbers in GenesToSelect if ManualSelection is set to FALSE. Press the green arrow to run this chunk of code
[image: ]









11. Set parameters for relaxed thresholds 
The guide finder program has the ability to identify genes that did not produce usable guides under the primary parameters (set in step 9) and re-run these genes through the program again with relaxed thresholds in an attempt to recover guides. This allows more guides to be identified without compromising quality for the initial round of guide creation. In this S. mutans example, set the relaxed parameters as show below. Descriptions of relaxed parameters are described in the script, as shown below. Press the green arrow to run this chunk of code

12. Set the path for BLAST 
Set the path to BLAST again in this chunk. Like Step 11, this step is optional and only needs to be run if the user wants to find more guides for genes that did not produce any. In this S. mutans example, we’ll run this chunk of code because we want to eventually perform this iterative step so we need to set the parameters for relaxed guide design (above, step 11) and set parameters for relaxed off-target searching (step 12). Set this so the same file path for blastn as you did in Step 4. Do this for ReRunBlast and ReRunBlast_Lowered. In this step, there is no need to set the path for makeblastdb anywhere. No need to make any more modifications to the code except to set the file path (seen in red, below). Press the green arrow to run this chunk of code

[bookmark: _GoBack]

13. Run the rest of the chunks of code! 
Run the remaining chunks of code. There is no need to edit anywhere below the DO NOT EDIT BELOW THIS LINE message. Simply press the green arrow on each chunk to run it. The code is commented so that you may follow along. 

14. Look at your output files. 
The program will output files (saved to your working directory): 
1) CompleteGuidesList: a list of all possible guides, unfiltered, for reference
2) CompleteFilteredGuides: list of all possible guides, filtered
3) TopHits_Guides: a list of guides—the desired max number/gene set by the user—closest to the transcription start site
4) Pairwise_Guides: a list of all possible guide pairs for each gene, for dual gene targeting
5) GenesWithoutGuides: a list of genes that did not produce guides with primary thresholds
6) GuidesUsingLoweredThresholds: a list of top hits guides for genes re-run with relaxed parameters
7) OverallGeneInfo: information about the number of genes that created guides (top hits versus paired guides) from primary thresholds and the number of genes that created guides with the lowered thresholds. 

Make sure that these files are the same as those provided in the Complete Genome Example folder to see if the program was run correctly.
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##2.5et BLAST Path & File
Check the path for the system comand based on the nane of your file (e.g. 12228_FASTA.fna ) and the location of BLAST

__Exonple__: Substitute bolded infornation in NakeDatabase

MokeDatabase<-" C:\\Users\\nspoto\\Desktop\\GuideFinderFolder\\GuideF inder-Windows\\nakeblostdb. exe -in __mutonsexanplefastafile. txt__ -dbtype nucl -out GenoneDatobase”

RunBlast<-"C: \\Users\\nspoto\\Desktop\\GuideF inderFolder\\GuideF inder-Windows\\olastn. exe -task blastn-short -query BLASTguides. fasta -db GenomeDatabase -outfmt 6 -num_threads & -dust no
-soft_nasking false -nax_target_seqs 5 -word_size 13 -out MatchGuides blast’

R, =
MokeDatabasex-* C:\\Users\\mspoto\\Desktop\\GuideFinderFol der\\GuideFinder-Windons\\nakeblastds..exe -in mutansexamplefastafile. txt ~dotype nucl -out GenoneDatobase”

RunBlast-<-"C: \\Users\nspoto\\Desktop\\Gui deF inderFol der\\GuideFinder-Hindows\\olastn. exe —task blastn-short -query BLASTguides. fasta -db GenomeDatabase -outfmt 6 -num_threads & -dust no
-soft_nasking false -nax_target_seqs 5 -word_size 13 -out MatchGuides blast’
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##3.Input FASTA File
Add the name of the fasta file that contains the nucleotide sequence for your genome

__Example__: Substitute the bolded information for the name of your FASTA file (kept in working directory)
InputGenome<- readDNAStringSet( __"StrepMutansFASTA.fna"__)

**“{r, tidy=TRUE}

InputGenome<- readDNAStringSet("mutansexamplefastafile.txt")
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##3.Input FASTA File
Add the name of the fasta file that contains the nucleotide sequence for your genome

__Example__: Substitute the bolded information for the name of your FASTA file (kept in working directory)
InputGenome<- readDNAStringSet( __"StrepMutansFASTA.fna"__)
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##4. Define Putative Promoter Region
Set the desired putative promoter region, for example, setting "PromoterRegion” to 50 if you want the Guide Finder to search 50 bp upstrean of the
transcription start site for each gene to identify guides. If you do not want Guide Finder o nake guides from the promoter region, set to 0. Set
between © - 100. Do ot set above 100 bp.

o =

PromoterRegion<-50

SubtractProne-function)
X - PromoterRegion

3

AddProme-functionG) {
x + PromoterRegion

3

#subset the promoter sequence
SubsetPronoter<-function () {
substr(x, 0, PronoterRegion)

3
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##4.Complete vs Draft Genome

Set option to run program on a draft genome (see Guide Finder Protocol document for detailed input instructions) or complete genome (using GenBank Accession
#).

__For running program on a complete genome using GenBank Accession #, set CompleteGenone to TRUE; if using a draft genome set CompleteGenome to FALSE__
***{r,tidy=TRUE}

=z
CompleteGenome<- TRUE
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##4A.FOR COMPLETE GENOMES ONLY:

Input GenBank Accession Number. Will retrieve the annotated genome from GenBank (called by accession #, e.g.AE@15929.1 for *Staphylococcus epidermidis*).
From the annotated file, will retrieve the coding sequence information.

*If using a draft genome, do not run this chunk of code.*

__Example__: Subsitute the bolded information for the GenBank Acession # for your genome of interest.
GenBankInfo<- readGenBank(GBAccession( __"AE@14133.2"__ ))

***{r,tidy=TRUE}

#retrieves annotation from GenBank, called by accession

GenBankInfo<- readGenBank(GBAccession("AE@14133.2"))

#from annotated file, retrieves coding sequence information

CDSInfoDF<-data.frame(attr(GenBankInfo, "cds"))
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##4A.FOR COMPLETE GENOMES ONLY:
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##5.Set Parameters for Guide Design
Change as desired.
Set the following:

* __GC_Min__ : GC minimum
* __DistanceAsPercentageof(DS__ : Maximum distance of guide from the transcription start site
+ As percentage of gene. For example, setting to .5 tell the program to look in the first 50% of the gene for guides
* __GuidesPerGene__ : Maximum number of guides/gene the program should output
* __DistbtGuides__ : Minimum distance between guides
+ For paired guide design. For example, using two guides to knockdown one gene in the same cell. In these cases, guides should be an appropriate
distance apart. Overlapping guides have been shown to reduce extent of knockdown.
+ If only designing guides for single-guide knockdown, set DistbtGuides to @
“*{r,tidy=TRUE}

GC_Min<-.35
DistanceAsPercentageof(DS<-.50
GuidesPerGene<-5
DistbtGuides<-100
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distance apart. Overlapping guides have been shown to reduce extent of knockdown.
+ If only designing guides for single-guide knockdown, set DistbtGuides to @
“*{r,tidy=TRUE}

GC_Min<-.35
DistanceAsPercentageof(DS<-.50
GuidesPerGene<-5
DistbtGuides<-100




image14.png
##6.Manual Guide Selection

*Complete genomes only* If the user wants to run the program on a subset of genes from a draft genome, select these genes during the pre-processing script.
Locus tags/unique identifiers differ between draft genome files.

* If creating guides for one gene or a subset of genes, set Manual Selection to TRUE. If whole-genome, set to FALSE

* If Manual Selection is TRUE, add locus_tags (unique gene identifiers).
+ Can manually add any number desired. __Example format__ : Replace bolded information with the unique gene identifiers for
each of the genes you want to select. GenesToSelect<-c( __"SMU_@1"__, __"SMU_@2"__, __"SMU_@5"_)

***{r,tidy=TRUE} .
GenesToSelect<-c("SMU_Q1", "SMU_03")
ManualSelection<-FALSE
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__Enter lowered threseholds below__
Change as desired:

* __GC_Min__ : GC minimum
* __DistanceAsPercentageof(DS__ : maximum distance from the transcription start site
* __KeepGuidesWithString__ : keep guides that contain a string of As (4 or more)?
+ If including guides that contain a string of As, set to TRUE. If excluding, set to FALSE.

* __KeepGuidesWithString_T__ : keep guides that contain a string of Ts (4 or more)?
+ If including guides that contain a string of As, set to TRUE. If excluding, set to FALSE.
* __LowerOffTarget__ : lower threshold while searching for off target effects?

+ Will search for a perfect match of the first 14 nt closest to the PAM site (rather than perfect match of 12 set as default in primary thresholds).
+ If a relaxed search is desired, set to TRUE. Otherwise, set to FALSE.

***{r,tidy=TRUE}

L_GC_Min<-.30

L_DistanceAsPercentageof(DS<-.50

KeepGuidesWithString<-TRUE

KeepGuidesWithString_T<-TRUE

LowerOf fTarget<-TRUE
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__Set the path__
Check the path to blastn for the systen comnand for making BLAST database and running BLAST (on new guides made with lowered thresholds);

Example:> C:\\Users\\nspoto\\Desktop\\GuideFinderFolder\\GuideF inder-Windows\\blastn. exe

{r, tidy=TRUE} »
Re_RunBlast.<-* C:\\Users\\nspoto\\Desktop\\GuideFinderFol der\\GuideFinder-Hindons\blastn. exe ~task blostn-short -query re_BLASTquides. fasta -db GenoneDatabase -outfmt 6 -nun_threads &
-dust no -soft_nasking false -nax_target_segs 5 -word_size 13 -out re MatchGuides.blast’

#If selecting optio to relax off-target searches

Re_RunBlast_Lowered<-"C: \Users\nspoto\\Desktop\\Gui deF inderFolder\\GuideF inder-Windows\\olastn. exe ~task blastn-short -query re_BLASTguides. fosta -db GenoneDatobase -outfmt &
-num_threads 4 -dust no -soft_nasking false -nax_target_seqs 5 -word_size 14 -out re MatchGuides.blast’
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Streptococcus mutans

Causes dental cavities

Lineage: Bacteria[14553]; Firmicutes[2206]; B: [1128]; Lactobacillales[427]; Streptococcaceae[86]; Streptococcus[77]; Streptococcus mutans[1]

Streptococci. Streptococci are Gram-positive, nonmotile, nonsporeforming, catalase-negative cocci that occur in pairs or chains. Members of this
genus vary widely in pathogenic potential. Most streptococci are facultative anaerobes, and some are obligate anaerobes. The genus is classified on
the basis of colony morphology, hemolysis, biochemical More...

~| Summary

Sequence data: genome assemblies: 187; sequence reads: 2 (See Genome Assembly and Annotation report)
Statistics: median total length (Mb): 1.9534

median protein count: 1844

median GC%: 36.8

«| Publications

1. Draft Genome Sequence of Oral Bacterium Streptococcus mutans JH1140. Escano J, et al. Genome Announc 2016 Jun 2
2. AYear of Infection in the Intensive Care Unit: Prospective Whole Genome Sequencing of Bacterial Clinical Isolates Reveals Cryptic
Transmissions and Novel Microbiota. Roach DJ, et al. PLoS Genet 2015 Jul
3. Comparative genomics of oral isolates of Streptococcus mutans by in silico genome subtraction does not reveal accessory DNA
associated with severe early childhood caries. Argimén S, et al. Infect Genet Evol 2014 Jan
More...

- Representative (genome information for reference and representative genomes)

Reference genome: [see all organisms]
o [ Streptococcus mutans UA159
‘Submitter: Univ. Oklahoma
Human Pathogen
Morphology: Gram:Positive, Shape:Cocci, Motility:No
Environment: OxygenReq:Facultative, OptimumTemperature:37, TemperatureRange:Mesophilic, Habitat:HostAssociated
Phenotype: Disease:Dental caries

Type Name RefSeq INSDC Size (Mb) GC% Protein rRNA tRNA Gene Pseudogene

Chr - NC_004350.2 AE014133.2 2.03 36.8 1,958 15 65 2,040 3
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##1.Set Working Directory
The working directory should be where your FASTA file nis stored & where all files will output to

e setup}
knitr: zopts_knitSset(root.dir = "\\Users\\nspoto\\Desktop\\")
Setud("\\Users\\nspoto\\Desktop\\')
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##2.5et BLAST Path & File
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