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Welcome to the MMG 434 RNA-seq tutorial
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Install software and use FileZilla to transfer files

Before moving forward to mapping reads to the genome, it is necessary to QC the reads and remove low quality reads and adapter sequences. Since most of you are familiar with Trimmomatic and FastQC on the HPCC from MMG 433, we will do all the analysis there instead of on your own local machine. Further we need the ability to perform differential gene expression between conditions. We have chosen to do this through several software packages. Below are some instructions on how to install them.


Software to install:


	R

	RStudio

	Qualimap






Using FileZilla to transfer files:


	Transferring files from your machine to the HPCC using FileZilla






R

In order to do differential gene expression to compare treatments and identify what is changing at the transcript level, we need to install the statistical programming language R and a really neat interface to work in R called RStudio.


	R can be downloaded from here [http://cran.mtu.edu/].

	Click on the appropriate link for your operating system (Linux, Mac OS X, or Windows).



[image: image showing the list of platforms that R can be downloaded/installed for]

	Then, click on the latest version of the software. This will initiate the download. Windows users unless you know you already have R installed, click on the install R for the first time link (see below). Mac users you have two options based on what flavor of OS X you have. If you are not sure what version you have, look at the screen shots below.



Windows users:

[image: R for Windows]
Mac users (to determine OS X version):

[image: About this Mac navigation]
[image: Version of Mac OS X]
Mac users (version of R to download):

[image: R for Mac based on OS X version]

	After the download finishes, double-click on the file and follow the instructions to install the software.

	Congratulations! You’ve installed yet another piece of software for this module.






RStudio

RStudio is a fantastic interface to work in R. R does have a graphical user interface (GUI) that you can download and use, however I find RStudio much more intuitive/easier to use.


	RStudio can be downloaded here [http://www.rstudio.com/products/RStudio/#Desk].

	We want to download and install the open-source version of RStudio for the desktop.



[image: RStudio for desktop download button]

	Double click the file after the software has finished downloading and follow the instructions to install the software.

	That’s it!






Qualimap

The last piece of software that is nice to have is a software suite that works with Java and R to generate PDF documents summarizing the data post-alignment to the genome.


	Qualimap can be downloaded here [http://qualimap.bioinfo.cipf.es/].

	Click on the .zip file (as seen below)



[image: Qualimap download]

	The file will end up in your downloads folder and will likely need to be unzipped as it is compressed. This can typically be accomplished just by double clicking on the file itself in your downloads folder.

	Once this is done, move the folder to your desktop.

	Before we can run this software suite, we will need to install a few packages in R: optparse (from CRAN), NOISeq, Repitools, Rsamtools, GenomicFeatures, rtracklayer (all available from Bioconductor).

	To do this, open RStudio, and click on the packages tab and then the Install button.



[image: Install new packages in RStudio]

	Type optparse into the Packages (separate multiple with space or comma): field. Then click Install. RStudio should do the rest.



	To install the packages from Bioconductor, click next to the > cursor. Copy and paste this command next to the > and hit Enter/Return:

source("http://bioconductor.org/biocLite.R")









[image: BiocLite installer]

	Then click next to the > cursor and type biocLite(“NOISeq”) and hit Enter/Return. Repeat for Repitools, Rsamtools, GenomicFeatures, and rtracklayer.

	That’s all the software we need to install for now!






Transferring files from your machine to the HPCC using FileZilla

1. If you haven’t already downloaded and installed FileZilla [https://filezilla-project.org/], please do so. We want to download the FileZilla Client and not the server version.

2. Open the application and then we will need to input a few things to get connected to the MSU HPCC.



	Host: hpcc.msu.edu

	Username: Your MSU NetID

	Password: Your MSU NetID password

	Port: 22

	Click Quickconnect






3. Now that you are connected, you can move files from your computer (red circle) to the MSU HPCC (green circle) and vice versa, simply by double clicking the file. You can navigate through the folders on your machine and the HPCC just like you would when browsing for documents on your own computer. The connection closes if you exit out of the application.

[image: Transfer files from local host to HPCC with FileZilla]
Let’s get to work!
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RNA-seq background information, basic Linux/Unix commands, Trimmomatic, and FastQC

Before we dig into the data and begin trimming and aligning the reads to the genome, I think it is useful to understand what happens after you submit your RNA to the sequencing facility. This sort of knowledge can be very useful in understanding what could potentially provide bias and any number of issues to the end dataset. In this session we will cover several things including:


	RNA-seq background information

	Basic Linux/Unix commands

	Getting some RNA-seq data

	Trimmomatic

	FastQC




RNA-seq background information

Before we begin, let’s watch a video about how Illumina sequencing works [https://www.youtube.com/watch?v=womKfikWlxM].

This video does a pretty good job explaining how, in generalities the sequencing process works for DNA. So for sequencing RNA, the process is as follows:

[image: RNAseq workflow]
Adapted from: Zhernakova et al., PLoS Genetics 2013

So actually, we aren’t sequencing RNA at all! We are sequencing the cDNA made from the RNA. RNA-seq is a high resolution next generation sequencing (NGS) method to assess the transcriptome of an organism and compare transcriptional changes between organisms/treatments to ascertain specific pathways/genes that are moving in response. But now, let’s talk about what can add bias to the data and what we do with the data to make sure that it is reasonable to proceed to further analysis steps.

But first, let’s brainstorm a little bit. Look back at the RNA-seq workflow figure above and let’s suggest a few places where things could potentially affect the output dataset.

Here are a few thoughts...



	How could the random priming step affect downstream results?

	How could RNA secondary structures affect the library preparation process?

	Would GC content be a problem?

	Could gene length cause issues?

	What might happen if you have genes with substantially different expression levels?

	During the cluster generation on the Illumina flow cell, what might happen if you have too few clusters? Too many?

	How is it possible to sequence many samples at one time?

	What if you run out of reagents from one kit and have to open another kit to finish the library preparation process?

	Could sequencing depth be an issue?






So now that you may be questioning the validity of any RNA-seq dataset, take heart! Many very smart people have thought about these issues and come up with ways to assess technical artifacts and correct for them. So again, let’s brainstorm some potential solutions to these problems. Which problems can be addressed through better chemistries/processes vs. mathematical/computational correction?

These sorts of issues should always be considered, but recognize that RNA-seq is becoming fairly commonplace and solutions to many of these questions exist. Be critical of your data and always look at the raw data.

Multiplexing the sequencing process by pooling several samples together is not only cheaper, it can overcome what are known as batch effects. Batch effects are when you have samples that correlate with one another based on batch/time/etc. instead of biological replication. This is a very real phenomenon and can be caused by using different lots of the same kit/flow cells when preparing samples! You can correct for this, but we will get there later... For now, have a look at the diagram showing how multiplexing is achieved.

[image: Multiplexing samples diagram]
From: http://www.illumina.com/content/dam/illumina-marketing/documents/products/sequencing_introduction_microbiology.pdf

This is an example of what a batch effect looks like. Note how DMSO1 and ETZ1 group together and DMSO2 and ETZ2 group together (e.g. by batch).

[image: Batch effect example]
We can determine what is considered a “good” base call from a “bad” one through using what is known as the Phred scoring system or Q-score.

Where Q is defined as a property that is logarithmically related to the base call error probability:


[image: Q = -10 \log_{10} P\ |\ error\ probability = P^2]


So this means:

[image: Phred scoring table]
From: http://res.illumina.com/documents/products/technotes/technote_q-scores.pdf

Illumina tends to output sequence results with a Q > 30. So let’s have a look at what some raw data looks like in terms of Q-scores before and after trimming adapters and low quality reads.

[image: Raw vs trimmed alignment]
This is why we do the trimming before attempting to align the reads to the reference genome. Since we are using FastQC, let’s have a look at some sample data of what good Illumina data looks like [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc.html].

So, we have come to the end of the background section. Even with all of the great tools and chemistries that have been developed to handle RNA-seq datasets, the old mantra still applies: garbage in; garbage out and with great power comes great responsibility. Take care in analyzing these sorts of data as they typically influence many downstream experiments.

Questions!




Basic Linux/Unix commands

To refresh your memory on some basic Linux/Unix commands, we will cover the basic commands necessary to:

1. Move through folders

2. List the contents of a folder

3. Make new folders

4. Rename files/folders

5. Delete files/folders

6. Load modules on the MSU HPCC









	
	Command
	What it does...
	Examples




	1.
	cd
	Change directory/folder
	> cd ~ (this changes to your home directory); > cd .. (this goes back one folder)


	2.
	ls
	List the contents of a folder
	> ls


	3.
	mkdir
	Make a new directory/folder
	> mkdir NewFolder (this will make a new folder called ‘NewFolder’ in your current directory)


	4.
	mv
	Rename or move a file from one name to another
	> mv file1 file2 (this will rename/move file1 to file2)


	5.
	rm
	Remove a file (add the -r flag to remove a folder)
	> rm file1 (remove file1); > rm -r folder1 (remove folder1)


	6.
	module load
	Load a module on the MSU HPCC
	> module load Bowtie (loads the most recent version of Bowtie on the HPCC)





Command reference sheet

[image: Linux/Unix command list]
Ref. sheet from: http://files.fosswire.com/2007/08/fwunixref.pdf




Getting some RNA-seq data

Before we begin, we need to collect some RNA-seq data to work with! To do this, we are going to take the first 100,000 sequences from a study looking at how M. tuberculosis changes its metabolism in response to different carbon sources at neutral and acidic pH (Baker et al. [http://onlinelibrary.wiley.com/doi/10.1111/mmi.12688/abstract;jsessionid=BD049DD06022112AB9F13CF587989C0A.f02t03]).

To do this, let’s log onto the HPCC.

Logging into the MSU HPCC

There are multiple ways with which you can access the HPCC and transfer files to the iCER machines. This overview will be from a GUI standpoint. If you would like to get fancy and learn the Linux/Unix commands, you can access the examples on the HPCC wiki here [https://wiki.hpcc.msu.edu/display/hpccdocs/Transferring+Files+to+the+HPCC]. Any other questions you may have not detailed here (which is a lot...) on how to use the HPCC more effectively, you can check out the user manual here [https://wiki.hpcc.msu.edu/display/hpccdocs/HPCC+Basics]. There are even videos of examples on how to use various software packages.

Mac users:

1. Open the terminal by going to Finder -> Applications -> Utilities -> Terminal (might just be worth dragging it onto your dock).

[image: Navigate to terminal on a Mac]
2. Type: ssh YourMSUNetID@hpcc.msu.edu

3. You will then be prompted for your MSU NetID password. As you begin to type, the cursor will not show that you are entering characters, but you are. Hit the Enter/Return key at the end and you will be logged in. If this is the first time accessing the HPCC, it will send you a warning about not recognizing the RSA fingerprint. Type yes or y or whatever it needs to continue. It is okay, and necessary, to say you trust iCER to use the HPCC at MSU. If you are uncomfortable with any of this, utilize a lab or MSU computer.

4. As an example of Step 3., for me it would be > ssh john3434@hpcc.msu.edu.

5. Once you are logged in, it should look something like this:

[image: HPCC log in screen]
6. Congratulations! You’ve logged in. Let’s make a new folder here in anticipation of putting the data into it. Let’s call it RNAseq. Please don’t add any spaces. If you aren’t sure how to make a new folder, scroll up a bit to the Basic Linux/Unix commands.

7. To log out, type: exit.

Windows users:

1. I am going to take the easy way out and here [https://wiki.hpcc.msu.edu/display/hpccdocs/Video+Tutorial+-+Putty] is a video on how to install an ssh client on Windows.

2. Congratulations! You’ve logged in. Let’s make a new folder here in anticipation of putting the data into it. Let’s call it RNAseq. Please don’t add any spaces. If you aren’t sure how to make a new folder, scroll up a bit to the Basic Linux/Unix commands.

3. To log out, type: exit.

Great! Now that we are logged onto the HPCC and created the RNAseq folder, let’s grab the data. To do this, copy and paste these commands into your terminal and then hit Enter/Return (Mac users can use Command+C to copy and Command+V to paste; Windows (PuTTY) users can use Ctrl+C to copy and then right mouse click to paste into the terminal:

module load powertools
intel14
cd ~/RNAseq
mkdir Data QC Bowtie HTSeq
cd Data
cp /mnt/research/mmg434/ExampleRNAseqData/*.fq.gz .
ls





So we have grabbed data from 4 different conditions (done in biological duplicate):

1. Glycerol pH 7.0

2. Glycerol pH 5.7

3. Pyruvate pH 7.0

4. Pyruvate pH 5.7

Thus, in total, we have 8 different libraries. However, before we move on, let’s have a look at the commands we just entered. This is important to think about as the next time we will be working with RNA-seq data, it will be with the samples that you submitted for L. reuteri. Data management during the analysis is critical! Please be organized when doing analysis with large datasets. This will make your life much, MUCH easier when you have to come back later and sort out what is where and at what point in the analysis you are.
So, let’s break down these commands:

1. module load powertools - This command loads a series of commands that we can utilize to work on the HPCC in a fashion that makes our lives much easier.

2. intel14 - This is a powertools command that logs us into the intel14 compute node on the HPCC.

3. cd ~/RNAseq - This command changes directory/folder to our RNAseq directory/folder we made earlier.

4. mkdir Data QC Bowtie HTseq - This command creates some directories/folders within the RNAseq directory/folder with which to put all of our data. This allows us to keep each portion of the analysis in reasonably defined places.

5. cd Data - Change directory/folder to Data.

6. cp /mnt/research/mmg434/ExampleRNAseqData/*.fq.gz . - This command copies the data from the /mnt/research/mmg434/ExampleRNAseqData directory/folder to the directory/folder that you are currently in.

7. ls - This command lists the contents of the directory/folder you are currently in.

Now we can move on to trimming the data!




Trimmomatic

Trimmomatic is a lightweight java application that can remove Illumina adapter sequences and low quality reads. It uses a sliding window to analyze chunks of each read, examining the quality score, minimum read length, if it corresponds to an adapter sequence, etc. Let’s have a look at the documentation [http://www.usadellab.org/cms/index.php?page=trimmomatic] to see what each option does.

We are going to trim the first file: gly7a.fq.gz. Later we will automate all of the trimming with a script, which we will look at the script below, but for now, let’s trim the first file! Copy and paste these commands into your terminal and hit Enter/Return:

module load trimmomatic
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/gly7a.fq.gz ~/RNAseq/QC/trimmedgly7a.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36





You will likely see some output that looks like this:

TrimmomaticSE: Started with arguments: -threads 4 /mnt/home/john3434/RNAseq/Data/gly7a.fq.gz /mnt/home/john3434/RNAseq/QC/trimmedgly7a.fq.gz ILLUMINACLIP:/opt/software/Trimmomatic/0.32/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
Using Long Clipping Sequence: 'AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTA'
Using Long Clipping Sequence: 'AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC'
ILLUMINACLIP: Using 0 prefix pairs, 2 forward/reverse sequences, 0 forward only sequences, 0 reverse only sequences
Quality encoding detected as phred33
Input Reads: 100000 Surviving: 96867 (96.87%) Dropped: 3133 (3.13%)
TrimmomaticSE: Completed successfully






Note

Copy this output into a text file somewhere and save it. You might want this for a report when you’re finished.



Congratulations! You’ve just trimmed the first file of RNA-seq data! But, let’s remind ourselves what each command and parameter is doing. Look through the command and discuss with a neighbor what is going on there. If you don’t remember what each parameter does, have another look at the documentation [http://www.usadellab.org/cms/index.php?page=trimmomatic].

Now, beyond what Trimmomatic requires for input, we are doing one fancy thing here when we specify where the software file is and where the adapter file is with the $TRIM. This is specific for the MSU HPCC and is simply a shortcut that represents a file path.

Go ahead and work with a neighbor and see if you can trim the second data file: gly7b.fq.gz. Take 5 minutes and give it a shot!

Have fun! Let me know if you have questions by placing a red sticky note on your computer.




FastQC

FastQC is a piece of software that allows us to analyze the quality of our data before proceeding to aligning the reads to the reference genome. Let’s have a look again at what good Illumina data [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc.html] and bad Illumina data [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/bad_sequence_fastqc.html] look like. This will help us determine the quality of our own sequence based on their examples.

Let’s analyze the first file (trimmedgly7a.fq.gz) that we trimmed! To run FastQC on the HPCC, copy and paste the following commands into your terminal:

module load fastqc
cd ~/RNAseq/QC
fastqc trimmedgly7a.fq.gz





You will see some output that looks like this:

Started analysis of trimmedgly7a.fq.gz
    Approx 5% complete for trimmedgly7a.fq.gz
    Approx 10% complete for trimmedgly7a.fq.gz
    Approx 15% complete for trimmedgly7a.fq.gz
    Approx 20% complete for trimmedgly7a.fq.gz
    Approx 25% complete for trimmedgly7a.fq.gz
    Approx 30% complete for trimmedgly7a.fq.gz
    Approx 35% complete for trimmedgly7a.fq.gz
    Approx 40% complete for trimmedgly7a.fq.gz
    Approx 45% complete for trimmedgly7a.fq.gz
    Approx 50% complete for trimmedgly7a.fq.gz
    Approx 55% complete for trimmedgly7a.fq.gz
    Approx 60% complete for trimmedgly7a.fq.gz
    Approx 65% complete for trimmedgly7a.fq.gz
    Approx 70% complete for trimmedgly7a.fq.gz
    Approx 75% complete for trimmedgly7a.fq.gz
    Approx 80% complete for trimmedgly7a.fq.gz
    Approx 85% complete for trimmedgly7a.fq.gz
    Approx 90% complete for trimmedgly7a.fq.gz
    Approx 95% complete for trimmedgly7a.fq.gz
    Analysis complete for trimmedgly7a.fq.gz





Now, to view the report, please use either FileZilla or WinSCP to transfer the file: trimmedgly7a_fastqc.html onto your desktop. If you don’t remember how to use FileZilla, check back to Install software and use FileZilla to transfer files.

Let’s open the file in a browser like FireFox. What do we think? Good or bad data?

Please work with a neighbor and perform FastQC analysis on the next file (trimmedgly7b.fq.gz). Give it a shot and put a green sticky note on your computer once you have done this and viewed the result in a browser.




Automating all of this

This was fine to just do two samples, but it sure does take a lot of time to do each one individually! Let’s have a look at a script that will do all the trimming and FastQC analysis for us in one shot.

Have a look at the script below:

#!/bin/bash

#Load the trimmomatic and fastQC module
module load trimmomatic
module load fastqc

#Change to the QC directory
cd ~/RNAseq/QC

#Do the trimming!
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/gly7a.fq.gz ~/RNAseq/QC/trimmedgly7a.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36 
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/gly7b.fq.gz ~/RNAseq/QC/trimmedgly7b.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/gly5a.fq.gz ~/RNAseq/QC/trimmedgly5a.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/gly5b.fq.gz ~/RNAseq/QC/trimmedgly5b.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/pyr7a.fq.gz ~/RNAseq/QC/trimmedpyr7a.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/pyr7b.fq.gz ~/RNAseq/QC/trimmedpyr7b.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/pyr5a.fq.gz ~/RNAseq/QC/trimmedpyr5a.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
java -jar $TRIM/trimmomatic SE -threads 4 ~/RNAseq/Data/pyr5b.fq.gz ~/RNAseq/QC/trimmedpyr5b.fq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36


#Analyze the reads pre-alignment with FastQC
fastqc trimmedgly7a.fq.gz
fastqc trimmedgly7b.fq.gz
fastqc trimmedgly5a.fq.gz
fastqc trimmedgly5b.fq.gz
fastqc trimmedpyr7a.fq.gz
fastqc trimmedpyr7b.fq.gz
fastqc trimmedpyr5a.fq.gz
fastqc trimmedpyr5b.fq.gz





Let’s run it! Copy and paste the command into your terminal and hit Enter/Return:

bash /mnt/research/mmg434/RNAseqScripts/qcexampledata.sh





That’s it! It has done everything for you at one time! This is also nice if we want to go back and re-run this analysis again, which will produce the same results each time.

Presentation time!

Please have one person from each treatment group come and present a representative report from each treatment, assessing the results.


Note

Save your report so that we can compile them at the end of the module.
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Align sequences with Bowtie and count gene features with HTSeq

Today we will be covering two things:


	Bowtie

	HTSeq




Bowtie

Before we can align the trimmed sequences that we did yesterday, we need to first decompress the trimmed files in the QC folder on the HPCC. Please log onto the HPCC and copy and paste these commands into your terminal and hit Enter/Return (if you don’t remember how to copy and paste, refer back to RNA-seq background information, basic Linux/Unix commands, Trimmomatic, and FastQC:

module load powertools
intel14
bash /mnt/research/mmg434/RNAseqScripts/decompressfastq.sh
ls ~/RNAseq/QC





These commands decompress the .gz trimmed files to .fastq files. Bowtie expects .fastq files for input.

What is Bowtie?

“Bowtie is an ultrafast, memory-efficient short read aligner geared toward quickly aligning large sets of short DNA sequences (reads) to large genomes... Bowtie indexes the genome with a Burrows-Wheeler [http://en.wikipedia.org/wiki/Burrows%E2%80%93Wheeler_transform] index to keep its memory footprint small...”

What isn’t Bowtie?

“Bowtie is not a general-purpose alignment tool like MUMer, BLAST, or Vmatch. Bowtie works best when aligning short reads to large genomes, though it supports arbitrarily small reference sequences (e.g. amplicons) and reads as long as 1024 bases. Bowtie is designed to be extremely fast for sets of short reads where (a) many of the reads have at least one good, valid alignment, (b) many of the reads are relatively high-quality, and (c) the number of alignments reported per read is small (close to 1).”

From: http://bowtie-bio.sourceforge.net/manual.shtml#what-is-bowtie

In order for Bowtie to work, we need to provide it with trimmed reads files and the reference genome in a FASTA format file. This type of file typically ends in .fa or .fasta.

We can acquire our favorite reference genome and feature file (GTF) from the Ensembl website [http://bacteria.ensembl.org/info/website/ftp/index.html].

Once we get our data from the RTSF, we will download the L. reuteri JCM1112 genome file and feature file. The feature file contains data to inform HTSeq where the start and end of a gene is. This is important as HTSeq produces the number of transcripts per gene identified in a given sample. For now, we will just grab these two files from the /mnt/research/mmg434/ExampleRNAseqData directory.

To run Bowtie, we have to do a couple things. First, we need to build the index from the reference genome (trimmedMtbCDC1551.fa). To do that, copy and paste these commands into your terminal and hit Enter/Return:

cd ~/RNAseq/Bowtie
module load bowtie
bowtie-build /mnt/research/mmg434/ExampleRNAseqData/trimmedMtbCDC1551.fa trimmedCDC1551





So let’s break down what we just did:


	cd ~/RNAseq/Bowtie - Changing to the Bowtie subfolder inside of the RNAseq folder.

	bowtie-build /mnt/research/mmg434/ExampleRNAseqData/trimmedMtbCDC1551.fa trimmedCDC1551 - Calling Bowtie to build an index called trimmedCDC1551 from the reference (trimmedMtbCDC1551.fa) found in the /mnt/research/mmg434/ExampleRNAseqData folder.



Now that we have built the index, we can ask Bowtie to do the alignment on the first file for us! Copy and paste these commands into your terminal and hit Enter/Return:

cd ~/RNAseq/Bowtie
bowtie -S trimmedCDC1551 ~/RNAseq/QC/trimmedgly7a.fastq > aligngly7a.sam





Let’s break down what we just did:


	cd ~/RNAseq/Bowtie - Changing to the Bowtie subfolder inside of the RNAseq folder.

	bowtie -S - This calls Bowtie and asks the program to produce files with .sam output (this allows us to be able to interpret the alignment somewhat... It’s still a lot to take in).

	trimmedCDC1551 ~/RNAseq/QC/trimmedgly7a.fastq > aligngly7a.sam - Use the index we made called trimmedCDC1551 and take the reads from trimmedgly7a.fastq in the QC subfolder within the RNAseq folder, and write the alignment (using the ‘>’ character) to the file aligngly7a.sam.




Note

It is very important that you end the output file with .sam.



Now, work with a neighbor and see if you can change the above commands to align the trimmedgly7b.fastq file.

If you have problems, please put a red stick on your computer. If all is well, place a green sticky on your computer.

Bear in mind though, that we will have to do something very different when we go to analyze the full read set from the L. reuteri samples. We will do something like this (below).

The document will look something like this (take a minute and read through it):

#!/bin/bash -login
#PBS -l walltime=00:20:00,nodes=1:ppn=8,mem=8gb
#PBS -j oe

cd $PBS_O_WORKDIR
module load bowtie 

mkdir $PBS_JOBID
cp trimmed* ./$PBS_JOBID
cd $PBS_JOBID

bowtie-build trimmedlreuterijcm1112.fa trimmedlreuterijcm1112

#ppn above should be 1 larger than -p below (thus if ppn=8 up top, the number after '-p' below should be one less)
#the first file name is the name of the trimmed RNAseq read data that comes from Trimmomatic
#in order for this script to work you need to make sure that whatever the file is named, it starts with 'trimmed' as seen below
#the second file is the file name that will contain the alignment of the reads to the genome. THIS HAS TO BE A .sam FILE!
#every sample = 20 minutes of walltime
#thus, if you have four samples, you will need to change the walltime to 00:80:00 instead of 00:20:00
#this just makes sure that the job will complete
#simply copy and paste each one of these commands below for each sample you want to align with bowtie
#it is as easy as that

time bowtie -S -p 7 trimmedlreuterijcm1112 trimmedLRWT1.fastq > alignLRWT1.sam

#Do not do anything below this line-leave it as is
rm *.fastq





Questions!




HTSeq

This step will take the longest time, computationally, out of the entire workflow.

HTSeq [http://www-huber.embl.de/users/anders/HTSeq/doc/overview.html] is a powerful Python package for analyzing NGS data. For our purposes, we will be using the counting feature of HTSeq. Let’s have a look at the way HTSeq can count whether a read maps to a gene [http://www-huber.embl.de/users/anders/HTSeq/doc/count.html#count].

We need to supply htseq-count with a couple things:


	A genome feature file (GTF) so that HTSeq “knows” where the start and end of a gene is

	The .sam file that was output from Bowtie



To do the counting, copy and paste these commands into your terminal and hit Enter/Return:

module load htseq
cd ~/RNAseq/HTSeq
htseq-count -m intersection-nonempty --stranded=yes ~/RNAseq/Bowtie/aligngly7a.sam /mnt/research/mmg434/ExampleRNAseqData/alignMtbCDC1551.gtf > gly7amap.sam





You likely have an idea by now what the first two commands are doing, but let’s talk briefly about the htseq-count command:


	htseq-count - This is calling the counting functionality of HTSeq.

	-m intersection-nonempty - This is telling HTSeq how we want to determine what is or is not a gene feature.

	–stranded=yes - This is telling HTSeq whether or not our data has strand specific information.

	~/RNAseq/Bowtie/aligngly7a.sam /mnt/research/mmg434/ExampleRNAseqData/alignMtbCDC1551.gtf > gly7amap.sam - This is saying where the aligned sequence file is, where the genome feature file (.gtf) and write the counts to the file gly7amap.sam




Note

It is very important that you end the output file with .sam.



Work with a neighbor and see if you can perform the counting on the second file (aligngly7b.sam). If you have trouble, put up a red sticky. If all is fantastic, put up a green sticky.

To use htseq-count on the HPCC once we have the full read set from the L. reuteri samples, we will have to edit a job submission script, which will look something like this:

#!/bin/bash -login
#PBS -l walltime=01:20:00,nodes=1:ppn=8,mem=8gb
#PBS -j oe

#Load Numpy module
module load NumPy

#Set the number of threads to match ppn
export MKL_NUM_THREADS=8

#Load HTSeq module
module load HTSeq

#This is changing directories to the folder that you renamed that contains the aligned reads
#In this case I have a folder called Bowtie within the RNAseq folder
#These can be whatever you have chosen to name or rename your folders to be as long as it ends with the folder that contains the aligned reads from Bowtie

cd ~/RNAseq/Bowtie/

mkdir $PBS_JOBID
cp align* ./$PBS_JOBID
cd $PBS_JOBID


#in order for this script to work you need to make sure that whatever the file is named, it starts with 'align' as seen below
#the second file is the file name that will contain the counts of the aligned reads to the genome. THIS HAS TO BE A .sam FILE!
#every sample = 1 hour and 10 minutes of walltime
#thus, if you have four samples, you will need to change the walltime to 04:40:00 instead of 01:10:00
#this just makes sure that the job will complete
#simply copy and paste each one of these commands below for each sample you want to count with HTSeq
#it is as easy as that

htseq-count -m intersection-nonempty --stranded=reverse alignLRWT1.sam alignlreuterijcm1112.gtf > LRWT1map.sam 





Questions! Otherwise, that is all for now!
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Analyzing L. reuteri data

We have our data! Hooray! Now, we can go through and analyze all of it, from Trimmomatic to HTSeq. We are only going to take it through HTSeq and then do the differential gene expression interactively on our own machines.
This is simply because it’s nice to work with everything on our own machines because we will be generating plots and may have to iteratively do the differential gene expression analysis based on the results/plots.

To this point, we have worked with a small subset of example RNA-seq data (100,000 reads per sample). Now, we will be working with full datasets (~15 million reads per sample). Thus, we are going to submit the jobs to the MSU HPCC to run for the next 20 hours or so.

Let’s have a look at the raw data that we received from the MSU RTSF. We sequenced 24 samples but got 48 files back! Why did we get twice the data back? This is due to the limitations of the sequencer itself. The particular flowcell for our data has 2 lanes. Each lane generates around 150 million reads total and we want around 15 million reads per sample. Thus, 24 samples * 15 million reads = 360 million total reads. This is more than twice what a single lane can produce for us. Thus, we pooled all of our samples together and ran them on both lanes to achieve the desired read number.
So in order to work with this data, we need to combine the reads from both lanes together into a single file. However, to do this effectively, we need to decompress the files and then merge them.

If you are interested in what I did to get to this point, the commands are as follows in pseudocode.

Decompress files: gunzip -c file_I_want_to_decompress.fastq.gz > decompressed_file.fastq

Merge files: cat sample1_read_data_from_lane2.fastq >> sample1_read_data_from_lane1.fastq

Recompress files: gzip -c file_I_want_to_compress.fastq > compressed_file.fastq.gz

I have already done all of this for you and grouped the merged and recompressed data into folders corresponding to different treatment comparisons:

LB vs Indole treated L. reuteri

LB vs Commensal E. coli conditioned medium treated L. reuteri

LB vs EHEC conditioned medium treated L. reuteri

These folders are located in /mnt/research/mmg434/LreuteriRNAseqData/RawData

Dr. Viswanathan has put together a list of who is doing which comparisons.











	LAST_NAME
	FIRST_NAME
	Lbcontrol/
	Indole/
	E.coli conditioned
	EHEC conditioned


	
	
	Sample #
	Sample #
	medium/Sample #
	medium/ Sample #


	Asopa
	Mrinal
	A1
	B1
	
	


	Babiker
	Leena
	A2
	B2
	
	


	Biernat
	Emily Rachel
	A3
	B3
	
	


	Cermak
	Megan Molloy
	A4
	B4
	
	


	Collins
	Sasha Lauren
	A1
	B5
	
	


	Freiberger
	Katharina Marianne
	A2
	B6
	
	


	
	
	
	
	
	


	Ginzburg
	Daniel
	A3
	
	C1
	


	Griffin
	Caleigh Ellen
	A4
	
	C2
	


	Jones
	Ashley Sade
	A1
	
	C3
	


	Kaminski
	Theresa Marie
	A2
	
	C4
	


	Li
	Irene
	A3
	
	C5
	


	Macko
	Haley Marie
	A4
	
	C6
	


	
	
	
	
	
	


	Rahn
	Christopher Louis Von
	
	
	
	


	Reske
	Jake Jordan
	A1
	
	
	D1


	Stawkey
	Danielle Marie
	A2
	
	
	D2


	Struble
	Nicole Danielle
	A3
	
	
	D3


	Tencer
	Joel Ira
	A4
	
	
	D4


	Vanalst
	Andrew John
	A1
	
	
	D5


	Wolfson
	Abigail Esther
	A2
	
	
	D6





Now, since time is of the essence, I have written a script to do the analysis for us! Let’s have a look at it:

#PBS -l walltime=20:00:00,nodes=1:ppn=4,mem=24gb

|----------------------------------------------------------------------------|
|This script was written *specifically* for the MMG434 course to analyze the |
|L. reuteri RNA-seq data generated by the MSU RTSF. This series of processes |
|will generate a folder called 'RNAseq_(currentdate)' in your home (~) direc-|
|tory. Within that folder a series of sub-folders are made to organize the   |
|data and analysis results. The general workflow is Trimmomatic -> FastQC -> |
|Bowtie -> HTSeq. After this has been run, you can download the map.sam files|
|and analyze them in your favorite differential gene expression software pac-|
|age (e.g. edgeR). To use this script, you will need to change the data loca-|
|tion and then save it (e.g. use nano or another text editor to make the cha-|
|nges). To run this script, follow the tutorial at mmg434.readthedocs.org.   |
|----------------------------------------------------------------------------|

#change to home directory on HPCC
cd ~

#check if the folder RNAseq_(current date) exists and if not, make the folder
NEWFOLDNAME=RNAseq
DATE=`date +%d-%m-%y`
NEWFOLD=${NEWFOLDNAME}_${DATE}

#if the folder already exists, make a new one with a _number added
n=1	#start with the number as 1

while [ -d ~/$NEWFOLD ]	#while the folder exists, do the commands below
do

	NEWFOLD=${NEWFOLDNAME}_${DATE}_${n}	#add the number to the folder name
	n=$((n+1))	#increment n by 1

done

mkdir $NEWFOLD
cd ~/$NEWFOLD

#make several folders within this RNAseq_(current date) folder to organize data
mkdir TrimmedData FastQCreports Bowtie HTSeq edgeR


#load the appropriate modules for all of the analysis steps
module load Trimmomatic/0.32
module load FastQC/0.11.2
module load bowtie/1.0.0
module load HTSeq/0.6.1

#Copy the data into the TrimmedData folder
#DEPENDING ON YOUR COMPARISON, YOU NEED TO CHANGE THE LBvsCOMM FOLDER LOCATION TO EITHER
#LBvsEHEC OR LBvsIndole
#IF YOU DO NOT CHANGE IT, YOU WILL RUN THE ANALYSIS FOR THE LBvsComm COMPARISON

cp /mnt/research/mmg434/LreuteriRNAseqData/RawData/LBvsComm/*.fastq.gz ~/$NEWFOLD/TrimmedData

#Do the trimming with Trimmomatic

cd ~/$NEWFOLD/TrimmedData
for untrimmedreads in ~/$NEWFOLD/TrimmedData/*
do
	FILENAME=`basename ${untrimmedreads%.*.*}`
	PREFIX=trimmed
	NEWTRIMFILE=${PREFIX}${FILENAME}
	java -jar $TRIM/trimmomatic SE -threads 4 $untrimmedreads $NEWTRIMFILE.fastq.gz ILLUMINACLIP:$TRIM/adapters/TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
done

#Generate the FastQC reports

cp ~/$NEWFOLD/TrimmedData/trimmed*.fastq.gz ~/$NEWFOLD/FastQCreports
cd ~/$NEWFOLD/FastQCreports
for trimmedreads in ~/$NEWFOLD/FastQCreports/trimmed*.fastq.gz
do
	fastqc $trimmedreads
done
rm trimmed*.fastq.gz

#Decompress the reads files and move them to the Bowtie directory

cd ~/$NEWFOLD/TrimmedData
cp trimmed*.fastq.gz ~/$NEWFOLD/Bowtie

for compfiles in ~/$NEWFOLD/Bowtie/*.fastq.gz
do
	FILENAME=${compfiles%.*.*}
	gunzip -c $FILENAME.fastq.gz > $FILENAME.fastq
done

cd ~/$NEWFOLD/Bowtie
rm *.fastq.gz	#clean the .gz files

#Align the reads with Bowtie to the reference genome

cd ~/$NEWFOLD/Bowtie

bowtie-build /mnt/research/mmg434/LreuteriRNAseqData/RefGenomeFiles/trimmedlreuterijcm1112.fa trimmedlreuterijcm1112

for renametrim in ~/$NEWFOLD/Bowtie/*.fastq
do
	LESSPREFIX=`basename ${renametrim//trimmed/}`
	mv $renametrim ~/$NEWFOLD/Bowtie/$LESSPREFIX
done

for alignment in ~/$NEWFOLD/Bowtie/*.fastq
do	
	FILENAME=`basename ${alignment%.*}`
	PREFIX=align
	NEWALIGNFILE=${PREFIX}${FILENAME}
	bowtie -S -p 3 trimmedlreuterijcm1112 $FILENAME.fastq > $NEWALIGNFILE.sam
done

rm ~/$NEWFOLD/Bowtie/*.fastq #clean the .fastq files

#Count gene features with HTSeq

cp ~/$NEWFOLD/Bowtie/align*.sam ~/$NEWFOLD/HTSeq
cp /mnt/research/mmg434/LreuteriRNAseqData/RefGenomeFiles/alignlreuterijcm1112.gtf ~/$NEWFOLD/HTSeq
cd ~/$NEWFOLD/HTSeq

for renamealign in ~/$NEWFOLD/HTSeq/*.sam
do
	LESSPREFIX=`basename ${renamealign//align/}`
	mv $renamealign ~/$NEWFOLD/HTSeq/$LESSPREFIX
done

for counts in ~/$NEWFOLD/HTSeq/*.sam
do
	FILENAME=`basename ${counts%.*}`
	PREFIX=map
	NEWMAPFILE=${PREFIX}${FILENAME}
	htseq-count -m intersection-nonempty --stranded=reverse $FILENAME.sam alignlreuterijcm1112.gtf > $NEWMAPFILE.sam
done

rm ~/$NEWFOLD/HTSeq/LR*.sam	#clean the alignment files





This is a lot to take in! All this script is doing is linking all of the steps together and analyzing the data in one fell swoop for us. But! We NEED to change one thing in the script, depending on the comparison we are making.

Let’s grab the script file:

cp /mnt/research/mmg434/LreuteriRNAseqData/LreuteriAnalysisScript.sh ~





Now, let’s open it in the nano text editor:

nano LreuteriAnalysisScript.sh





It will look something like the script above. You can’t use your mouse here and must use your arrow keys to get around. Let’s read through the beginning of the script and see what we need to change.

Now, we will move down through the script and change the name of the folder containing the appropriate comparison (unless you happen to be in the LB vs Commensal E. coli conditioned medium treated group!).

To save the changes, hit Ctrl + o, followed by the Enter/Return key.

To exit nano, hit Ctrl + x

To run the script:

module load powertools
intel14-phi
module load powertools
cd ~
qsub LreuteriAnalysisScript.sh





Hooray! The script has been submitted to the queue to run. Write down your job ID.
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Modification to the scripts from today (3-4-15)!

Please copy and paste the appropriate commands into your terminal on the HPCC to fix my mistake. Sorry everyone!

If you are in the LB vs Indole group:

cp /mnt/research/mmg434/LreuteriRNAseqData/LreuteriAnalysisScriptLBvsIndole.sh ~
module load powertools
intel14-phi
qsub LreuteriAnalysisScriptLBvsIndole.sh





If you are in the LB vs Commensal group:

cp /mnt/research/mmg434/LreuteriRNAseqData/LreuteriAnalysisScriptLBvsComm.sh ~
module load powertools
intel14-phi
qsub LreuteriAnalysisScriptLBvsComm.sh





If you are in the LB vs EHEC group:

cp /mnt/research/mmg434/LreuteriRNAseqData/LreuteriAnalysisScriptLBvsEHEC.sh ~
module load powertools
intel14-phi
qsub LreuteriAnalysisScriptLBvsEHEC.sh





These will run now. Something weird happened when I uploaded the files to the HPCC.
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Differential gene expression analysis with edgeR

Up to this point we have done several things: trimmed, QC’d, aligned, and counted reads that mapped to each gene. Now, we will finally move to the step where we will analyze the differential gene expression between the untreated and treated L. reuteri samples!

To do this, we have chosen to utilize an analysis package written in the R programming language called edgeR [http://bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf]. edgeR stands for differential expression analysis of digital gene expression data in R. This is a fantastic tool that is actively maintained (as seen by the date of the most recent user guide update) and fairly easy to use. Several diagnostic plots are produced throughout the analysis that provide meaningful information as to whether we can even perform differential gene expression between samples and if there are batch effects we have to deal with.

RNA-seq data does not typically assume a normal (Gaussian) distribution, so to glean which genes are changing in a statistically significant manner, we have to model the data slightly differently. EdgeR implements what is called a negative binomial distribution [http://en.wikipedia.org/wiki/Negative_binomial_distribution#Related_distributions], sometimes referred to as a gamma-Poisson model. If you really enjoy statistics and would like to dig into the mathematical underpinnings of this software, see the references at the bottom of this page. If you are less interested in understanding the math behind all of this, here is the short summary: we need to examine the data to make sure they separate enough between treatments to determine differential gene expression and we always use a false-discovery rate correction to determine significance (even then, it’s worth looking at the fold-change differences to decide if it is “real”; though this is slightly more arbitrary).

Let’s get going!

We are going to do things in several steps today, with the goal being to be able to copy and paste as much of the code as we can.


	Download and install edgeR

	Read in the data to RStudio

	Group the data together

	Filter out low counts

	Regroup and normalize the libraries

	See how samples separate by treatment

	Differential expression calculations

	Plot the results




Download and install edgeR

The first step is to open RStudio and download/install edgeR from the Bioconductor repository.


	To install packages from Bioconductor, click next to the > cursor. Type source(“http://bioconductor.org/biocLite.R”) and hit Enter/Return.



[image: BiocLite installer]

	Then type biocLite(“edgeR”) and hit Enter/Return. RStudio should also install all the necessary dependencies as well.




Note

If RStudio asks “Update all/some/none? [a/s/n]:”, type a and then hit Enter/Return to update all of the outdated packages. It’s best to work with the most recent version of everything.






Read in the data to RStudio

The next step is to read in the data to RStudio.

IMPORTANT
If you did not get your job to complete by now, please copy and paste the appropriate commands into your terminal on the HPCC to copy the necessary files into a folder called LreuteriData in your home directory

If you are in the LB vs Commensal group:

cd ~
mkdir LreuteriData
cd ~/LreuteriData
cp /mnt/research/mmg434/LreuteriRNAseqData/AnalyzedLBvsComm/*.sam ~/LreuteriData





If you are in the LB vs EHEC group:

cd ~
mkdir LreuteriData
cd ~/LreuteriData
cp /mnt/research/mmg434/LreuteriRNAseqData/AnalyzedLBvsEHEC/*.sam ~/LreuteriData





If you are in the LB vs Indole group:

cd ~
mkdir LreuteriData
cd ~/LreuteriData
cp /mnt/research/mmg434/LreuteriRNAseqData/AnalyzedLBvsIndole/*.sam ~/LreuteriData






	We are going to download the data from the HPCC. Please download the map.sam files from the HTSeq directory to your desktop using FileZilla or WinSCP.




Note

We are going to need to edit each of these text files to remove the last five lines that will otherwise mess up the differential gene expression analysis.



1a. To do this, open the file in a text editor like TextEdit on Mac or Notepad on Windows.

1b. Scroll to the bottom of the file

1c. Remove the lines seen below in the screenshot starting at “__no_feature”.

[image: HPCC log in screen]
1d. We also need to remove all the lines in the file that correspond to tRNA and rRNA.

1e. Teaching time: Didn’t we remove all of the rRNA before we made the libraries for sequencing?! Guess we got most but not all...


Note

It is absolutely essential that we get rid of any line spaces at the bottom and between lines (e.g. after we get rid of the 16s rRNA lines). When you load it into Rstudio (next step), make sure you have exactly “1820 obs. of 1 variable”.




	Now, we need to read the files into RStudio. To do this we need to create a variable for each file. I will give an example for each treatment that you should be able to copy and paste into RStudio.



Mac users:



	For LB control: wt1 = read.table(“~/Desktop/mapLRLB1.sam”, row.names=1)

	For indole treated: in1 = read.table(“~/Desktop/mapLRindole1.sam”, row.names=1)

	For E. coli commensal medium treated: co1 = read.table(“~/Desktop/mapLRcomm1.sam”, row.names=1)

	For EHEC medium treated: eh1 = read.table(“~/Desktop/mapLRehec1.sam”, row.names=1)







Note

Check to make sure you have “1820 obs. of 1 variable” by looking in the upper righthand corner of Rstudio (e.g. the Environment/Global Environment window).



Windows users:


This is only slightly more complicated for you. It’s the same idea and naming convention, but we are going to use the Tab autocomplete function to help us determine the file path to the Desktop.
To do this we are going to break the steps down using the LB control as an example:


	Start typing in the command and place the cursor between the quotes so it looks like this (don’t just copy and paste this in, type it out): wt1 = read.table(“”)

	Next, inside the quotes, type: /Users/ and then hit the Tab key once. This will present you with a list of potential paths forward. The one you want will usually resemble your user name for the account on your computer (typically the first or second one, NOT “All users”). Click on the one that resembles your user name.

	Your command should now look something like this: wt1 = read.table(“/Users/yourusername/”)

	Next, you can complete the file path and will look something like this: wt1 = read.table(“/Users/yourusername/Desktop/mapLRLB1.sam”)

	Finally, we can complete the command: wt1 = read.table(“/Users/yourusername/Desktop/mapLRLB1.sam”, row.names=1)







Note

Check to make sure you have “1820 obs. of 1 variable” by looking in the upper righthand corner of Rstudio (e.g. the Environment/Global Environment window).




	Repeat each of these commands for the respective treatment, making sure to change the variable name (e.g. wt1, in1, co1, eh1) each time (e.g. wt2 for LRWT2map.sam).



	Now we need to rename the sample column names. To do this, I will give an example for each treatment that you should be able to copy and paste into RStudio.



	For LB control: colnames(wt1) <- ‘wt1’

	For indole treated: colnames(in1) <- ‘in1’

	For E. coli commensal medium treated: colnames(co1) <- ‘co1’

	For EHEC medium treated: colnames(eh1) <- ‘eh1’








	Repeat each of these commands for the respective treatment, making sure to change the variable name (e.g. wt1, in1, co1, eh1) each time (e.g. wt2 for LRWT2map.sam) and the new name (e.g. wt2).








Group the data together

So that we don’t have to work on each sample individually, we will put them all into a single variable.


Note

It is important that you put all of the same treatment type together in consecutive order (e.g. 1-7).




Note

It is important that you put the control treatment (LB) as the first set of samples for our purposes. Otherwise, it’s simply important that you know what are your controls and treatments.




	To do this, copy and paste one of the following depending on which treatments you are comparing.



	For LB vs Indole: wtvin <- cbind(wt1, wt2, wt3, wt4, in1, in2, in3, in4, in5, in6)

	For LB vs Commensal conditioned medium: wtvco <- cbind(wt1, wt2, wt3, wt4, co1, co2, co3, co4, co5, co6, co7)

	For LB vs EHEC conditioned medium: wtveh <- cbind(wt1, wt2, wt3, wt4, eh1, eh2, eh3, eh4, eh5, eh6, eh7)








	After you’ve copy and pasted this in, hit Enter/Return.



	Now, let’s group them by factor. Copy and paste the appropriate command based on what you are comparing.



	For LB vs Indole: group <- factor(c(1,1,1,1,2,2,2,2,2,2))

	For LB vs Commensal conditioned medium: group <- factor(c(1,1,1,1,2,2,2,2,2,2,2))

	For LB vs EHEC conditioned medium: group <- factor(c(1,1,1,1,2,2,2,2,2,2,2))











Note

This step simply allows us to separate each treatment from each other (i.e. control vs. treatment).






Filter out low counts

It is important to filter out genes that have low read counts associated with them. This is because they will ultimately lead to a skewing of the data in subsequent steps of the analysis.


	We will generate an edgeR data structure called a DGEList. This will create the scaffold with which edgeR can access the data and do differential gene expression. Copy and paste the appropriate command for what you are comparing and then hit Enter/Return.



	For LB vs Indole: y <- DGEList(counts=wtvin, group=group)

	For LB vs Commensal conditioned medium: y <- DGEList(counts=wtvco, group=group)

	For LB vs EHEC conditioned medium: y <- DGEList(counts=wtveh, group=group)








	Now we will filter out genes that have counts greater than 2 CPM (counts per million reads mapped) in at least four samples.



	Type: keep <- rowSums(cpm(y)>2) >= 4











Note

We may come back and refine this number when we have a look at our final scatter plot of the data.




	We will apply this filter we just made to our data set.



	Type: y <- y[keep,]













Regroup and normalize the libraries

For this next set of steps, we will regroup our data now that we have applied this filter and normalize everything based on effective library size to prevent sequencing depth and library size from skewing the data.


	To regroup the data:



	Type: y$samples$lib.size <- colSums(y$counts)








	Now let’s normalize the data:



	Type: y <- calcNormFactors(y)








	We can view what the scaling factor is by typing:



	Type: y$samples













See how samples separate by treatment

This is a very critical step. The results of this plot will let us know if we can proceed with differential gene expression. It will tell us whether our controls are separate enough from the treatment and if we have to deal with a batch effect.

Building the plot is easy at this point:



	Type: plotMDS(y)









Differential expression calculations

Now, assuming everything has passed the MDS plot. Let’s move on to the differentially expressed genes.


	Let’s estimate the dispersion (variance):



	Type: y <- estimateCommonDisp(y, verbose=TRUE)

	Type: y <- estimateTagwiseDisp(y)











Note

An average BCV (biological coefficient of variation) for isogenic organisms in a lab setting (like what we are doing here) should be about 10-15%




	We can plot the dispersion:



	Type: plotBCV(y)











Note

The results of this plot will give us an idea about the variances across all genes that are lowly expressed all the way to highly expressed. Normally, the more lowly expressed genes will have larger variation compared to the more highly expressed genes.




	Now we can do the actual differential gene expression statistical test. In this case, we are going to use the exact test:



	Type: res <- exactTest(y)








	To perform the FDR (false discovery rate) p-value correction:



	Type: fdr <- p.adjust(res$table$PValue, method=”BH”)








	To extend our observations and compare consistency across samples within treatment, let’s grab the CPM values per gene:



	Type: cpmres <- cpm(y)[rownames(res),]








	To quickly view how many genes are moving up and down:



	Type: summary(de <- decideTestsDGE(res))








	Let’s export everything to the desktop:



	Type: write.csv(cpmres, file=’~/Desktop/cpmresults.csv’)

	Type: write.csv(res$table, file=’~/Desktop/DEresults.csv’)

	Type: write.csv(fdr, file=’~/Desktop/fdrcorrection.csv’)











Note

Change the ‘cpmresults.csv’ file name to something more meaningful related to your sample comparison.




Note

Change the ‘DEresults.csv’ file name to something more meaningful related to your sample comparison.




Note

Change the ‘fdrcorrection.csv’ file name to something more meaningful related to your sample comparison.






Plot the results

Finally, let’s look at a scatter plot where the red dots correspond to differentially expressed genes. The blue lines will indicate two-fold differential expression.

To generate the plot:



	Type: detags <- rownames(y)[as.logical(de)]

	Type: plotSmear(res, de.tags=detags)

	Type: abline(h=c(-1,1), col=’blue’)






Now marvel at your beautiful plot! Show your neighbor and be proud, you’ve navigated RNA-seq analysis successfully!

The final steps will be to take the three files you exported and put them together into a single Excel file, filter for genes with an adjusted p-value(FDR) < 0.05, and then filter genes that have two-fold differential expression (the logFC stands for logFoldChange, where it is log base 2; up two-fold is logFC=1, down two-fold is logFC=-1).
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FastQC files

I hope you all had an excellent Spring Break! Here are all of the FastQC files to download for each sample.

LB Controls



	trimmedLRLB1_fastqc.html

	trimmedLRLB2_fastqc.html

	trimmedLRLB3_fastqc.html

	trimmedLRLB4_fastqc.html






Indole Treated



	trimmedLRindole1_fastqc.html

	trimmedLRindole2_fastqc.html

	trimmedLRindole3_fastqc.html

	trimmedLRindole4_fastqc.html

	trimmedLRindole5_fastqc.html

	trimmedLRindole6_fastqc.html






Commensal Conditioned Medium Treated



	trimmedLRcomm1_fastqc.html

	trimmedLRcomm2_fastqc.html

	trimmedLRcomm3_fastqc.html

	trimmedLRcomm4_fastqc.html

	trimmedLRcomm5_fastqc.html

	trimmedLRcomm6_fastqc.html

	trimmedLRcomm7_fastqc.html






EHEC Conditioned Medium Treated



	trimmedLRehec1_fastqc.html

	trimmedLRehec2_fastqc.html

	trimmedLRehec3_fastqc.html

	trimmedLRehec4_fastqc.html

	trimmedLRehec5_fastqc.html

	trimmedLRehec6_fastqc.html

	trimmedLRehec7_fastqc.html
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License

Creative commons 4.0 license [http://creativecommons.org/licenses/by/4.0/legalcode]

Full bacterial RNA-seq tutorial can be found here [http://www.abramovitchlab.com/#/rna-seq-computational-methods/]




Questions?

If you have additional questions, please e-mail Ben at john3434@msu.edu
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Basic Statistics

		Measure		Value

		Filename		trimmedLRindole3.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		14747813

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		40




[image: [OK]]

Per base sequence quality

[image: Per base quality graph]Qualty scores across all bases (Sanger / llumina 1.9 encoding}

123456789

)

3

15

17

19

21

3 25 27 29 31
Position in read (bp}

35 3 37 39 41

43 45 47 49









[image: [WARN]]

Per tile sequence quality

[image: Per base quality graph]




[image: [OK]]

Per sequence quality scores

[image: Per Sequence quality graph]




[image: [FAIL]]





Per base sequence content

[image: Per base sequence content]




[image: [OK]]

Per sequence GC content

[image: Per sequence GC content graph]




[image: [OK]]

Per base N content

[image: N content graph]




[image: [WARN]]

Sequence Length Distribution

[image: Sequence length distribution]




[image: [FAIL]]





Sequence Duplication Levels

[image: Duplication level graph]




[image: [WARN]]

Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		55272		0.37478099295129386		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		46378		0.3144737460394975		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		44502		0.30175321588360254		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		43424		0.29444365751043905		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		42093		0.2854185905394922		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		40478		0.2744678143125357		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		35019		0.2374521564655044		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		30652		0.20784098632115827		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		29955		0.20311486184426125		No Hit

		GTCAAATGGTATTACATCATACCGCCCATGCCGCCTTGTGGAGCAGCAGG		25531		0.17311719371543427		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		25482		0.17278494106210868		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		24221		0.16423452073876987		No Hit

		GCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGGC		24142		0.16369884809361226		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		23773		0.16119678219407854		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		22447		0.15220561855510373		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		21167		0.14352636557027132		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		20409		0.1383866204433159		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		19361		0.1312804820619844		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		19220		0.13032440810037393		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		18104		0.12275718440422319		No Hit

		AGCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGG		17982		0.12192994310410636		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		17488		0.11858029390527258		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		16987		0.11518318004167805		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		16777		0.11375924009885399		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		16356		0.11090457954681145		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		15480		0.10496471578531677		No Hit

		AACAGCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAA		14869		0.1008217286183382		No Hit

		GTGACTTTTCAAGCAAAACGTCTGTCAAGTCCTGGCCGGCCAAGTTTCCA		14779		0.10021146864284217		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		6905		0.0		36.715267		1

		GTTCTAT		3550		0.0		36.541595		1

		TCTATTC		4080		0.0		30.665007		3

		CGCAACG		6645		0.0		29.497477		1

		GGAGTCC		2075		0.0		28.98353		35

		CGAAGCC		6825		0.0		28.924297		42

		GACTCCG		930		0.0		27.850145		3

		GAGTCCG		2220		0.0		27.31067		36

		CCGTGTC		9370		0.0		27.1033		2

		GGGTGTG		950		0.0		26.676802		42

		ACTCTAG		655		0.0		25.468687		15

		TTCTATT		5140		0.0		25.323278		2

		GAAGCCG		7855		0.0		25.201296		43

		AGGAGTC		2465		0.0		24.649487		34

		GTCGGCT		1520		0.0		24.404589		1

		GTATGAG		2475		0.0		24.388708		14

		GCGACTC		1115		0.0		24.21356		1

		CTACACA		700		0.0		23.831171		9

		GTGGGTT		8535		0.0		23.659887		1

		ATCCTAC		735		0.0		23.293627		6
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Basic Statistics

		Measure		Value

		Filename		trimmedLRindole4.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		17217032

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		40
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		83263		0.4836083245939254		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		69198		0.40191596321595957		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		61752		0.35866809099268676		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		57307		0.3328506330243215		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		54158		0.31456060487080467		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		48969		0.2844218446013227		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		43810		0.2544573303923696		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		42271		0.24551850748723703		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		41948		0.24364245823554256		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		37310		0.21670401727777472		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		33683		0.19563766855983075		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		31296		0.18177349034374798		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		28530		0.16570800356298343		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		27172		0.15782046522304194		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		26996		0.15679822166793905		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		26215		0.15226201589217003		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		26190		0.1521168108417293		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		23754		0.13796803072678265		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		22637		0.13148026907308993		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		22410		0.13016180721508794		No Hit

		GTCAAATGGTATTACATCATACCGCCCATGCCGCCTTGTGGAGCAGCAGG		22322		0.1296506854375365		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		20613		0.11972446818940687		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		20515		0.11915526439167912		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		19812		0.11507209837328523		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		19788		0.11493270152486212		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		19312		0.11216799736447026		No Hit

		GCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGGC		18633		0.10822422819449949		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		17395		0.10103367409667358		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		10295		0.0		37.22762		1

		GTTCTAT		4515		0.0		35.393295		1

		TCTATTC		4760		0.0		31.68078		3

		CGAAGCC		11425		0.0		29.841042		42

		CGCAACG		8745		0.0		29.44324		1

		CCGTGTC		13880		0.0		27.596457		2

		GACTCCG		1015		0.0		27.465265		3

		AAGCCGA		12605		0.0		27.098108		44

		GTCGGCT		1880		0.0		26.620998		1

		GAAGCCG		13015		0.0		26.291779		43

		GGAGTCC		1975		0.0		25.988815		35

		TTCTATT		6280		0.0		25.655695		2

		GGGTGTG		1265		0.0		24.069931		42

		GAGTCCG		2190		0.0		23.860346		36

		CCGAAGC		14425		0.0		23.6719		41

		AATCGGC		4825		0.0		23.474752		5

		TACGTGA		3460		0.0		23.387573		39

		GGTGTGG		1335		0.0		23.377739		43

		GTGGGTT		12205		0.0		23.254559		1

		CAATCGG		5145		0.0		23.038517		4
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Basic Statistics

		Measure		Value

		Filename		trimmedLRindole2.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		13198545

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		81629		0.6184696873784193		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		65466		0.4960092191980252		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		58296		0.4416850493747606		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		53300		0.4038323921311023		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		51853		0.3928690624610516		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		46755		0.35424359275965644		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		44757		0.3391055604992823		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		38651		0.2928428853331939		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		36364		0.27551521777589877		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		34624		0.26233194643803537		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		31231		0.23662456732920184		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		26702		0.2023101788871425		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		26669		0.20206015132728647		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		25828		0.19568823684731917		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		23860		0.1807775023686323		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		23371		0.1770725485271293		No Hit

		GTCAAATGGTATTACATCATACCGCCCATGCCGCCTTGTGGAGCAGCAGG		20967		0.1588584196212537		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		20299		0.15379725568234984		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		19846		0.1503650591788716		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		19779		0.14985742746643665		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		18907		0.14325063861205914		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		18409		0.13947749543604995		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		16694		0.12648363891625933		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		16296		0.12346815501254116		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		16251		0.1231272083400102		No Hit

		GCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGGC		16180		0.1225892702566836		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		15834		0.11996776917455675		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		14985		0.11353524195280616		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		14677		0.11120165139414989		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		14550		0.11023942411834031		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		14492		0.10979998174041154		No Hit

		GTTGCCATGCTGATATTGGCAACTGAGTCTTTAAGATCATCATAAATCAT		14285		0.10823162704676917		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		14196		0.10755731029443018		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		9575		0.0		38.183437		1

		GTTCTAT		3620		0.0		37.34315		1

		TCTATTC		3765		0.0		33.981487		3

		GGAGTCC		1230		0.0		28.841553		35

		CGAAGCC		8720		0.0		28.707268		42

		GACTCCG		1130		0.0		27.771313		3

		CGCAACG		9065		0.0		27.428427		1

		CCGTGTC		13675		0.0		26.83167		2

		AAGCCGA		9370		0.0		26.439415		44

		TTCTATT		5220		0.0		26.065136		2

		TACGTGA		2240		0.0		25.876211		39

		GAGTCCG		1390		0.0		25.862309		36

		GTCGGCT		1785		0.0		25.817839		1

		GAAGCCG		9785		0.0		25.480122		43

		AATCGGC		3345		0.0		23.94614		5

		GTGGGTT		12985		0.0		23.897158		1

		GCGACTC		1380		0.0		23.694414		1

		CGGGTCC		265		0.0		23.187342		2

		CGCGGGG		560		0.0		22.729002		9

		CAATCGG		3735		0.0		22.679604		4
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec5.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		15871869

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		120766		0.7608807759187024		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		114765		0.7230717441027266		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		108739		0.6851052009060811		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		89587		0.5644388824025702		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		79917		0.5035134803594964		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		59961		0.3777815958536452		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		58327		0.3674866520130679		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		57490		0.3622131709882434		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		55779		0.3514330920952032		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		53404		0.33646951093157335		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		50605		0.3188345367517839		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		42569		0.26820407854928746		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		40092		0.25259785095252485		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		39291		0.2475511863158649		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		36252		0.2284041028816455		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		33390		0.21037220002256823		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		32723		0.2061697963862983		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		31972		0.20143815451097788		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		31755		0.20007095572676412		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		30777		0.19390911051496204		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		28883		0.18197604831541894		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		26468		0.16676044894271747		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		26143		0.16471280099401023		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		25856		0.16290457034392106		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		25537		0.16089472512657457		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		24518		0.154474561250474		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		24208		0.15252142013016867		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		23815		0.1500453412260396		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		22531		0.1419555567148393		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		21929		0.13816268266831083		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		21850		0.1376649467053943		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		21133		0.13314752030778482		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		20785		0.13095496188886135		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		20478		0.12902072213423638		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		20331		0.12809455521589802		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		20324		0.12805045202931048		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		20293		0.12785513791727995		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		20174		0.12710538374529173		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		19659		0.12386064930349412		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		19216		0.12106954763802548		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		18961		0.11946293155519366		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		18366		0.11571416069525271		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		18175		0.11451077374693554		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		17696		0.1114928556933024		No Hit

		CAGATTTGAAATTTGACTAGCTCCGCGGAAATTACCGCCACATCCTGTGG		17208		0.10841823354262815		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		17065		0.10751726844519696		No Hit

		GTCACCATAAAATGGTGCCCCGCCTTATTTTTTCAGCGAGCACAAACACT		16413		0.10340937163732891		No Hit

		GCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAACC		16231		0.10226268878605285		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		12620		0.0		40.226643		1

		CGCAACG		12575		0.0		31.399353		1

		AAGCCGA		9365		0.0		30.413631		44

		CCTCGAG		30		0.0058138524		29.26408		5

		GAAGCCG		10180		0.0		28.22734		43

		CGAAGCC		10310		0.0		27.861753		42

		CCGTGTC		18410		0.0		27.634853		2

		TGACGTC		5555		0.0		26.195518		2

		TCCTATG		490		0.0		25.531496		2

		CCTATCT		1695		0.0		25.508875		3

		GACTCCG		560		0.0		25.475348		3

		CTATCTA		1760		0.0		25.190308		4

		GTGGGTT		11925		0.0		24.828533		1

		CCTATGC		505		0.0		24.772982		3

		TCCTATC		1935		0.0		24.613665		2

		TACGTGA		2995		0.0		23.41015		39

		ACGTCCC		6255		0.0		23.404173		4

		GCGACTC		685		0.0		22.428745		1

		CTTAGAC		2215		0.0		22.394028		1

		GGAGTCC		690		0.0		22.35573		35
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Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm6.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		20101189

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		169553		0.8434973672452908		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		166234		0.8269859061570936		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		143424		0.7135100316702659		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		102601		0.510422542666506		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		94875		0.4719870053458032		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		85688		0.42628324125503225		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		82288		0.40936881892906934		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		80468		0.40031462815458324		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		70900		0.3527154537972853		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		69597		0.34623325018236484		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		69277		0.34464130455168596		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		61757		0.30723058223073274		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		57213		0.2846249542750929		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		54978		0.27350620901082023		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		52776		0.2625516331397113		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		51182		0.2546217539668922		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		51068		0.2540546233359629		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		50705		0.25224876001116153		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		47870		0.238145116689366		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		45067		0.2242006679306383		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		43126		0.21454452271455188		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		41020		0.2040675305326466		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		39889		0.198440997694216		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		38009		0.1890883171139777		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		37458		0.18634718573115253		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		35581		0.17700942964120184		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		35350		0.17586024388905552		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		33965		0.16897010420627356		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		33652		0.1674129823862658		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		31996		0.1591746637475027		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		31910		0.15874682835925774		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		31218		0.15530424593291473		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		28662		0.1425885802078673		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		28335		0.14096181076651734		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		28243		0.14050412639769716		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		28131		0.13994694542695957		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		27901		0.13880273450490913		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		27892		0.1387579610340463		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		26814		0.1333950941906969		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		26607		0.1323653043608515		No Hit

		GTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTC		26607		0.1323653043608515		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		25389		0.1263059613040801		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		24598		0.12237087069824576		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		24323		0.12100279242188111		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		23413		0.1164756970346381		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		23164		0.11523696434076611		No Hit

		GCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAACC		22699		0.1129236683461859		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		22013		0.10951093490041808		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		21759		0.10824732805606674		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		21570		0.10730708516794704		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		21481		0.10686432528941446		No Hit

		GTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAATGGTGCCCCGC		21115		0.10504353747432553		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		20755		0.1032525986398118		No Hit

		CGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGT		20318		0.10107859788791597		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		20168		0.10033237337353526		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		19515		0.0		38.23713		1

		AAGCCGA		12540		0.0		32.438374		44

		CGGGTCC		370		0.0		30.853489		2

		CGAAGCC		13520		0.0		30.48118		42

		GAAGCCG		13685		0.0		30.07832		43

		GGCGGGT		30		0.0058069234		29.27126		1

		CGCAACG		13140		0.0		28.619675		1

		CCGTGTC		27470		0.0		27.228027		2

		TCCTATG		455		0.0		27.019625		2

		CCTATGC		450		0.0		26.831856		3

		GACTCCG		1010		0.0		26.083172		3

		TGACGTC		10110		0.0		25.731783		2

		TACGTGA		4745		0.0		24.68821		39

		GTGGGTT		17890		0.0		24.248186		1

		CTATCTA		1870		0.0		23.949095		4

		ACGTCCC		11170		0.0		23.348759		4

		CCTATCT		1830		0.0		22.913044		3

		CCGAAGC		18085		0.0		22.772696		41

		GCGACTC		1260		0.0		21.953445		1

		CGTGTCC		34800		0.0		21.688381		3
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Basic Statistics

		Measure		Value

		Filename		trimmedLRLB3.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		13460123

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		92043		0.6838199026858819		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		78128		0.580440461056708		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		72276		0.5369638895573242		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		66180		0.49167455602003046		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		61621		0.4578041374510471		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		42457		0.3154280239489639		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		32479		0.24129794356262568		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		31743		0.23582994003843796		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		31597		0.23474525455673773		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		31497		0.2340023192952992		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		28849		0.21432939357240643		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		26024		0.19334147243676747		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		25130		0.1866996311995069		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		24709		0.1835718737488506		No Hit

		CAAGACTTCTGCGCCGTTATCACGTAATGTTTGCGCAAAAAGGTCATGTT		24662		0.18322269417597448		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		24437		0.18155108983773774		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		23688		0.17598650472956304		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		23104		0.17164776280276192		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		22724		0.16882460880929542		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		22687		0.16854972276256316		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		22570		0.16768048850668008		No Hit

		GTGCAATTCAGCAGTATGAGTACCACCACCATAAGGAGTCCGAATGGTAA		21535		0.1599911085507911		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		21199		0.15749484607235759		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		21105		0.15679648692660536		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		20254		0.15047410785176332		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		19967		0.1483418836514347		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		19812		0.14719033399620493		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		19567		0.1453701426056805		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		19089		0.14181891205600425		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		18531		0.13767333329717715		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		18467		0.1371978547298565		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		17760		0.13194530243148594		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		16033		0.11911481046644225		No Hit

		CATCGATGTGTGCGTAGTGACGCTTTTCAGTTTCGTATTCAACGTGGGCA		15544		0.11548185703800776		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		14865		0.11043732661284002		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		14855		0.11036303308669616		No Hit

		GCCAAGGTAAGTTACATGAGCACCTTCATCCTTAGCACCAACTTCAAAAG		14793		0.10990241322460426		No Hit

		CCAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTT		14428		0.10719069952035358		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		14101		0.10476130121544952		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		13937		0.1035428873866903		No Hit

		GTTATTTTCACGATAACCAAAGTAGAATTGGATAGCAGCAATTGCAATGT		13934		0.10352059932884713		No Hit

		GGCGTCCTTAGCGTCAACAATTACAAGTTGGCCATCCTTCATTTCAGCAA		13592		0.10097976073472732		No Hit

		ATCGATGTGTGCGTAGTGACGCTTTTCAGTTTCGTATTCAACGTGGGCAG		13478		0.10013281453668736		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		8160		0.0		39.305965		1

		GTTCTAT		2385		0.0		36.358597		1

		GGAGTCC		3085		0.0		32.55581		35

		CCGTGTC		10365		0.0		31.050106		2

		AGGAGTC		3345		0.0		30.13847		34

		GAGTCCG		3370		0.0		30.02337		36

		CGCAACG		9565		0.0		29.538744		1

		TCTATTC		3050		0.0		27.639374		3

		CCTATGC		1345		0.0		27.584253		3

		AATCGGC		2970		0.0		26.240297		5

		ATCCTAC		855		0.0		25.419434		6

		CGTATCG		2895		0.0		25.25181		11

		CAGTATG		4105		0.0		25.13562		12

		TCGGCGT		2940		0.0		25.089312		7

		GTATGAG		4120		0.0		24.991005		14

		CTATTCA		3900		0.0		24.429916		4

		GTCCGAA		4135		0.0		24.35363		38

		TCCTATG		1575		0.0		23.834934		2

		ATCGGCG		3240		0.0		23.647066		6

		ACTCTAG		915		0.0		23.513447		15
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Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm2.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		17177581

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		194750		1.1337451996296801		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		143578		0.8358452799611307		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		128813		0.7498902202818896		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		85342		0.49682199140845273		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		84457		0.49166992721501357		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		80410		0.46811014892027003		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		73700		0.42904760571351697		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		66943		0.3897114500580728		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		56294		0.3277178550344195		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		56083		0.3264895097860403		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		49954		0.2908092821684264		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		49485		0.28807897922297676		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		47445		0.27620303464149		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		46304		0.2695606558339035		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		45549		0.26516539203046113		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		42737		0.24879521744068622		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		40913		0.23817672581488628		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		40322		0.23473619481113203		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		40172		0.23386296359190506		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		38724		0.22543337155563406		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		37555		0.21862798958712523		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		35182		0.20481347169895459		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		32510		0.18925831291379153		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		32359		0.18837926015310305		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		31120		0.18116637028228827		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		28986		0.16874320080341929		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		28747		0.16735185239411765		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		27610		0.16073275975237725		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		26070		0.15176758590164705		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		25631		0.14921192920004278		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		25508		0.14849587960027666		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		25477		0.14831541181496974		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		25409		0.14791954699558688		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		24620		0.143326350782453		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		24037		0.13993239211039088		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		22950		0.1336043765417261		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		22460		0.13075182122558468		No Hit

		GTCACCATAAAATGGTGCCCCGCCTTATTTTTTCAGCGAGCACAAACACT		22417		0.1305014949427396		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		22184		0.12914507578220705		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		21963		0.12785851511921265		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		20305		0.1182063993760239		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		19812		0.11533637943549793		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		19558		0.11385770790427359		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		19221		0.11189584843174369		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		19169		0.111593128275745		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		18725		0.10900836386683317		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		18549		0.10798377256960687		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		18324		0.10667392574076641		No Hit

		GTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGA		17664		0.10283170837616774		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		17549		0.10216223110809375		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		16675		0.0		40.453747		1

		AAGCCGA		7475		0.0		29.726595		44

		CGCAACG		12370		0.0		29.422316		1

		CCGTGTC		23305		0.0		29.011063		2

		GAAGCCG		8015		0.0		28.017525		43

		CGAAGCC		8020		0.0		27.926308		42

		CCTATGC		480		0.0		27.896477		3

		GACTCCG		1165		0.0		27.698238		3

		CGGGTCC		300		0.0		27.073381		2

		TACGTGA		3100		0.0		26.602268		39

		TCCTATG		510		0.0		26.255583		2

		CGGAGGC		60		9.929734E-6		25.610626		18

		GCGACTC		1310		0.0		25.470314		1

		TGACGTC		8855		0.0		24.963354		2

		CCTATCT		1970		0.0		24.179888		3

		CGTGTCC		29115		0.0		23.440382		3

		GTGGGTT		17435		0.0		23.30486		1

		ACGTCCC		9540		0.0		23.262882		4

		GTAAAGG		5295		0.0		23.224472		43

		GTGTCCA		29515		0.0		23.122707		4
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec2.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		16070567

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Per sequence GC content
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		192554		1.1981780107696263		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		145659		0.9063712562226336		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		141793		0.8823148554746076		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		112212		0.69824543216179		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		103881		0.6464053197376297		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		81230		0.5054582081640305		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		79777		0.49641683457714963		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		70869		0.44098630745262446		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		59120		0.3678774992817615		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		58303		0.36279367118783057		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		57186		0.35584307635194207		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		55107		0.34290638283017644		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		48950		0.3045941067294017		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		46826		0.29137739819634245		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		43235		0.26903220029511093		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		43011		0.2676383477944493		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		39866		0.24806840978292802		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		39537		0.24602118892258126		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		39440		0.24541760100934834		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		36797		0.22897138601270262		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		35731		0.2223381415229469		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		35588		0.22144831604261384		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		35367		0.22007313120937178		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		34019		0.21168512598217598		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		32560		0.20260641706045593		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		31253		0.19447353662132766		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		28726		0.17874913809823884		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		28440		0.17696948713757268		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		27268		0.16967665173232532		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		27252		0.1695770908394209		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		27232		0.16945263972329042		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		26985		0.1679156684390787		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		26931		0.16757965042552636		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		26931		0.16757965042552636		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		26901		0.1673929737513306		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		26647		0.16581244457647326		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		25955		0.1615064359583579		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		24729		0.1538775825395582		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		23972		0.14916710779401873		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		23736		0.1476985846236788		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		23732		0.14767369440045272		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		22107		0.13756204121484947		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		21034		0.1308852388344481		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		20582		0.12807264360989876		No Hit

		GTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATT		19639		0.12220477348434565		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		19517		0.12144562167594958		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		19367		0.12051223830497082		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		19280		0.11997087594980314		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		19077		0.11870769712107856		No Hit

		GCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAACC		18506		0.11515461775555275		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		17566		0.10930541529741919		No Hit

		TCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCA		17462		0.10865826949354059		No Hit

		CTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGT		16359		0.10179479043894343		No Hit

		ATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATC		16342		0.10168900699023252		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		16259		0.10117253485829093		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		16148		0.10048183116376666		No Hit
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Kmer Content
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		21355		0.0		40.512062		1

		CGGGTCC		365		0.0		35.484333		2

		CGCAACG		15690		0.0		31.1164		1

		AAGCCGA		8045		0.0		29.234089		44

		CCGTGTC		30495		0.0		28.46332		2

		CGAAGCC		9170		0.0		25.878984		42

		GAAGCCG		9155		0.0		25.868296		43

		CCTATGC		380		0.0		25.418224		3

		GACTCCG		675		0.0		25.041658		3

		TACGTGA		3305		0.0		24.882915		39

		CCTATCT		1630		0.0		24.510939		3

		TCCTATG		395		0.0		24.45305		2

		TGACGTC		6065		0.0		24.359129		2

		CCGCGTT		21655		0.0		23.589334		1

		GCGACTC		760		0.0		23.107548		1

		CGTGTCC		37730		0.0		23.069199		3

		CTATCTA		1770		0.0		23.068314		4

		GTGGGTT		14830		0.0		23.003155		1

		CGTTAGG		21440		0.0		22.935032		6

		GTGTCCA		38715		0.0		22.470926		4
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Unix/Linux Command Reference

Ls - directory listing
1s -al - formatted listing with hiddon files

€d dir - chango directory to dir

cd - change to home

pud — show current directory.

mkdir dir - create a directory dir

 file - delote file

- dir - delete directory dir

- file - force remove file

Fm -rf dir - force remove directory dir*

ep filel file2 - copy filel to file2

€ -r dirl dir2 - copy dirl to dir2; create dir2 if it
doesn't exist

BV filel file2 - rename or mave filel to fle2

I ilo2 Is an existing directory, moves filel into
directory file2

n -5 file Link - croato symbolic link link to file
touch file - create or update file

cat > file - places standard input into file

more file - output tho contonts of file

head file - output tho first 10 lines of file

tail file - output the last 10 linos of file

tail -f file - output the contents of fileas it
grows, starting with the last 10 lines

ps - display your currently active processes
‘top - display all running processes

KAWL pid - kill procoss id pid

KiUall proc - Kill all processes named proc *
bg - lists stopped or background Jobs; resume a
stopped job in the background

g - brinigs the most recent job to foreground
79 n - brings job n to the foreground

| __ File Permissions ]
chnod octal file —chango the pormissions of flle
10 octal, which can be found separately for user,
group, and world by adding:

o 4-road ()

o 2 wre (w)

o 1~ oxecute (9
Examplos.
chnod 777 - road, write, executo for all
chnod 755 - rwx for owner, £ for group and warld
For moro options, sec man_chaod.

L ssH
ssh userghost - connct to host as user

ssh -p port user@host - connoct to host on port
port as user.

Ssh-copy-id user@host - add your key to host for
wser to onablo a keyed or passwordioss login
| searching ]
grep pattern files - soarch for paltern in fles
grep -r pattern dir - scarch rocursively for
pattern in dir-

conmand | grep pattern - scarch for pattern in the
output of command

Tocate file - find all instances of file

FOSSwire...

System Info
date - show the current date and tme
‘cal - show this month's calendar
uptine - show current uptime
W display who Is online
whoand - who you are logged in as
finger user - display information about user
unane -a - show kernel information
cat /proc/cpuino - cpu information
cat /proc/meminfo - memory information
man conmand - show the manual for command
df - show disk usage
du — show directory space usage
free - show memory and swap usage
whereis app - shw possible locations of app
which app - show which app will be run by default

tar cf file. tar files- croato a tar named
e tar containing files

tar xf file. tar - extract the fles from file tar
tar caf file.tar.gz files - create a tar with
Gaip comprossion

tar xzf file. tar.gz - exiract a tar using Gaip
tar cjf file.tar.bz2 - croate a tar with Bzip2
compression

tar xjf file.tar.bz2 - extract a tar using Bzip2
gzip file - compresses file and renames i to
flegz

Gzip -d file.gz - decompresses fle gz back to
file

ping host - ping host and output rosults
whois domain - got whois information for domain
dig domain - got DN information for domain
dig -x host - roverse lookup host

wget file - dowload file

wget -c file - continiie a stopped download

Installation
Instal from source.
. /contigure
nake
nake install
dpkg -3 pky. deb - install a package (Debian)
Fpn ~Uuh pkg. rpm - install a packago (RPM)

| Shortcuts ]
CEPLC - halts the current command.

CErLIZ - stops tho curront command, resume with
g in the foreground or bg in the background
CErLD - Log out of curront sossion, similar 1o exit
CPLM  erases one word in the current line
CErLU  erases the whole line

CLFUR - type to bring up a recent command

11 - ropoats the last command

exit - log out of current session

[oX

* use with extreme caution.
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec3.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		17740184

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Per tile sequence quality
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Per sequence quality scores
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Per sequence GC content
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Per base N content
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Sequence Length Distribution
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Sequence Duplication Levels
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		161123		0.908237479385783		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		155908		0.8788409409958768		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		150506		0.8483902985448177		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		112867		0.6362222624071994		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		92525		0.5215560334661693		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		86614		0.48823619867753343		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		79754		0.44956692670154946		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		74896		0.4221827687920261		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		71142		0.4010217706873841		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		61472		0.34651275319354075		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		60121		0.3388972741207194		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		57702		0.32526156436708886		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		56828		0.3203348961882244		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		52974		0.29861020607227073		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		51105		0.28807480238085464		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		47808		0.26948987676790725		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		47474		0.2676071454501261		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		45515		0.25656441894852955		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		43911		0.24752279908708952		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		39765		0.2241521282981056		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		39404		0.22211720013727027		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		37632		0.21212857769682658		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		37573		0.21179599941015267		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		37240		0.20991890501248467		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		36993		0.2085265857445447		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		35994		0.20289530255154062		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		34658		0.19536437728041603		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		33477		0.18870717462682463		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		32817		0.18498680735216727		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		31880		0.17970501320617643		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		31501		0.17756862048330502		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		29841		0.16821133309553046		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		29539		0.1665089832213691		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		29250		0.16487991330867818		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		29217		0.16469389494494532		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		28264		0.15932191007714464		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		28007		0.15787322160807352		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		27747		0.15640762237866304		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		26274		0.1481044390520414		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		25795		0.14540435431785825		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		24630		0.13883734238607673		No Hit

		GTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTC		24609		0.13871896706370127		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		23756		0.13391067420721228		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		23695		0.13356682208031215		No Hit

		GCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAACC		23582		0.1329298501075299		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		22755		0.12826811717398195		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		22667		0.12777206820402764		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		22462		0.12661649958083862		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		22398		0.12625573669359913		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		22293		0.1256638600817218		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		20692		0.11663915098062116		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		20287		0.1143561983348087		No Hit

		CGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGT		20238		0.11407998924926598		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		19858		0.11193795960628143		No Hit

		GTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAATGGTGCCCCGC		19138		0.10787937712483703		No Hit

		GTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATCACTTCA		18847		0.10623903337191992		No Hit

		AAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTAC		18699		0.10540476919517858		No Hit

		GTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATT		18251		0.10287942898450209		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		18186		0.10251302917714945		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		17725		0.0		39.818306		1

		TCCTATG		295		0.0		32.74302		2

		CCTATGC		290		0.0		32.55038		3

		AAGCCGA		12950		0.0		32.002384		44

		CGCAACG		14110		0.0		30.400843		1

		GAAGCCG		14115		0.0		29.5927		43

		CGAAGCC		14140		0.0		29.509235		42

		CCGTGTC		24640		0.0		28.76838		2

		TGACGTC		7135		0.0		27.075516		2

		TACGTGA		4195		0.0		26.34748		39

		CGGGTCC		220		0.0		25.944107		2

		GTGGGTT		14720		0.0		25.084545		1

		ACGTCCC		7890		0.0		24.62362		4

		CCCTAGG		120		2.3646862E-11		23.782833		22

		ACTCGGT		2675		0.0		23.732143		44

		GACTCCG		550		0.0		23.549135		3

		GTCGCGC		280		0.0		23.520756		1

		CGTGTCC		30625		0.0		23.28228		3

		ATCTAGG		380		0.0		23.10811		1

		CGTCCCT		1005		0.0		22.935663		2
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Basic Statistics

		Measure		Value

		Filename		trimmedLRLB2.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		14229538

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Per sequence GC content
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		73129		0.513923923601736		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		70600		0.4961510345592387		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		62771		0.4411316797495463		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		57660		0.4052134370068797		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		50249		0.3531316336482604		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		45184		0.31753666211791276		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		34794		0.2445195339441098		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		32144		0.22589630106051228		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		31804		0.22350690514337151		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		29024		0.20397007970322018		No Hit

		GTGCAATTCAGCAGTATGAGTACCACCACCATAAGGAGTCCGAATGGTAA		28800		0.20239588945192738		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		28335		0.19912803915348481		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		26627		0.18712483848737746		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		26579		0.18678751200495758		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		26372		0.18533279154952184		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		25963		0.18245848881390245		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		25261		0.17752508900851172		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		22422		0.15757363310038597		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		21512		0.15117848520450908		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		21346		0.15001189778614035		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		20374		0.14318103651713782		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		18655		0.13110053186547588		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		18357		0.12900629662045246		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		18036		0.12675042576926954		No Hit

		GCCAAGGTAAGTTACATGAGCACCTTCATCCTTAGCACCAACTTCAAAAG		17850		0.1254432856498925		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		17370		0.1220700208256937		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		17304		0.12160619691236638		No Hit

		GTTATTTTCACGATAACCAAAGTAGAATTGGATAGCAGCAATTGCAATGT		17137		0.1204325818589472		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		16922		0.11892164032310816		No Hit

		CATCGATGTGTGCGTAGTGACGCTTTTCAGTTTCGTATTCAACGTGGGCA		16733		0.11759341729857989		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		16413		0.11534457408244737		No Hit

		CCAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTT		15691		0.11027062157604836		No Hit

		GTCGCTGTCAGCATCTTCAAGGTGATCTCCCCAAGTCTTTTCAAGTTCAG		15624		0.1097997700276706		No Hit

		GTGACTTTTCAAGCAAAACGTCTGTCAAGTCCTGGCCGGCCAAGTTTCCA		15466		0.10868940368970517		No Hit

		CCGTAGTATACCCAAAAACCAATTACGATAGCACATACATTAATCCATGC		15408		0.10828180085678116		No Hit

		CAAGACTTCTGCGCCGTTATCACGTAATGTTTGCGCAAAAAGGTCATGTT		15284		0.10741037411052981		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		15061		0.10584321149428744		No Hit

		GGGTAACGTTATTTTCACGATAACCAAAGTAGAATTGGATAGCAGCAATT		14906		0.10475392806147325		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		14887		0.10462040299551538		No Hit

		GTGGAATGCAGGAAGACAGTGTTCAAAGAGAACATTAGGGTTTTCAGTAG		14556		0.10229425579382831		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		7985		0.0		38.870617		1

		GTTCTAT		2935		0.0		36.646706		1

		GGAGTCC		4280		0.0		30.778133		35

		GACTCCG		840		0.0		29.79014		3

		GAGTCCG		4470		0.0		29.59162		36

		AGGAGTC		4545		0.0		28.961939		34

		CCGTGTC		10885		0.0		28.67597		2

		TCTATTC		3690		0.0		28.553665		3

		CCTATGC		1415		0.0		28.543575		3

		AAGCCGA		8410		0.0		28.385685		44

		CGCAACG		7575		0.0		27.93453		1

		GGGTGTG		1420		0.0		26.92327		42

		CGAAGCC		9085		0.0		26.496662		42

		CCCTAGG		50		8.4743435E-5		26.341589		22

		GTCCGAA		5175		0.0		25.606474		38

		GAAGCCG		9470		0.0		25.30741		43

		GTATGAG		5265		0.0		25.307337		14

		TCCTATG		1615		0.0		25.2806		2

		CAGTATG		5400		0.0		25.081066		12

		CTATTCA		4480		0.0		25.037437		4
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Align sequences with Bowtie and count gene features with HTSeq


Today we will be covering two things:



		Bowtie


		HTSeq






Bowtie


Before we can align the trimmed sequences that we did yesterday, we need to first decompress the trimmed files in the QC folder on the HPCC. Please log onto the HPCC and copy and paste these commands into your terminal and hit Enter/Return (if you don’t remember how to copy and paste, refer back to RNA-seq background information, basic Linux/Unix commands, Trimmomatic, and FastQC:


module load powertools
intel14
bash /mnt/research/mmg434/RNAseqScripts/decompressfastq.sh
ls ~/RNAseq/QC






These commands decompress the .gz trimmed files to .fastq files. Bowtie expects .fastq files for input.


What is Bowtie?


“Bowtie is an ultrafast, memory-efficient short read aligner geared toward quickly aligning large sets of short DNA sequences (reads) to large genomes... Bowtie indexes the genome with a Burrows-Wheeler [http://en.wikipedia.org/wiki/Burrows%E2%80%93Wheeler_transform] index to keep its memory footprint small...”


What isn’t Bowtie?


“Bowtie is not a general-purpose alignment tool like MUMer, BLAST, or Vmatch. Bowtie works best when aligning short reads to large genomes, though it supports arbitrarily small reference sequences (e.g. amplicons) and reads as long as 1024 bases. Bowtie is designed to be extremely fast for sets of short reads where (a) many of the reads have at least one good, valid alignment, (b) many of the reads are relatively high-quality, and (c) the number of alignments reported per read is small (close to 1).”


From: http://bowtie-bio.sourceforge.net/manual.shtml#what-is-bowtie


In order for Bowtie to work, we need to provide it with trimmed reads files and the reference genome in a FASTA format file. This type of file typically ends in .fa or .fasta.


We can acquire our favorite reference genome and feature file (GTF) from the Ensembl website [http://bacteria.ensembl.org/info/website/ftp/index.html].


Once we get our data from the RTSF, we will download the L. reuteri JCM1112 genome file and feature file. The feature file contains data to inform HTSeq where the start and end of a gene is. This is important as HTSeq produces the number of transcripts per gene identified in a given sample. For now, we will just grab these two files from the /mnt/research/mmg434/ExampleRNAseqData directory.


To run Bowtie, we have to do a couple things. First, we need to build the index from the reference genome (trimmedMtbCDC1551.fa). To do that, copy and paste these commands into your terminal and hit Enter/Return:


cd ~/RNAseq/Bowtie
bowtie-build /mnt/research/mmg434/ExampleRNAseqData/trimmedMtbCDC1551.fa trimmedCDC1551






So let’s break down what we just did:



		cd ~/RNAseq/Bowtie - Changing to the Bowtie subfolder inside of the RNAseq folder.


		bowtie-build /mnt/research/mmg434/ExampleRNAseqData/trimmedMtbCDC1551.fa trimmedCDC1551 - Calling Bowtie to build an index called trimmedCDC1551 from the reference (trimmedMtbCDC1551.fa) found in the /mnt/research/mmg434/ExampleRNAseqData folder.





Now that we have built the index, we can ask Bowtie to do the alignment on the first file for us! Copy and paste these commands into your terminal and hit Enter/Return:


cd ~/RNAseq/Bowtie
bowtie -S trimmedCDC1551 ~/RNAseq/QC/trimmedgly7a.fastq > aligngly7a.sam






Let’s break down what we just did:



		cd ~/RNAseq/Bowtie - Changing to the Bowtie subfolder inside of the RNAseq folder.


		bowtie -S - This calls Bowtie and asks the program to produce files with .sam output (this allows us to be able to interpret the alignment somewhat... It’s still a lot to take in).


		trimmedCDC1551 ~/RNAseq/QC/trimmedgly7a.fastq > aligngly7a.sam - Use the index we made called trimmedCDC1551 and take the reads from trimmedgly7a.fastq in the QC subfolder within the RNAseq folder, and write the alignment (using the ‘>’ character) to the file aligngly7a.sam.






Note


It is very important that you end the output file with .sam.




Now, work with a neighbor and see if you can change the above commands to align the trimmedgly7b.fastq file.


If you have problems, please put a red stick on your computer. If all is well, place a green sticky on your computer.


Bear in mind though, that we will have to do something very different when we go to analyze the full read set from the L. reuteri samples. We will do something like this (below).


The document will look something like this (take a minute and read through it):


#!/bin/bash -login
#PBS -l walltime=00:20:00,nodes=1:ppn=8,mem=8gb
#PBS -j oe

cd $PBS_O_WORKDIR
module load bowtie 

mkdir $PBS_JOBID
cp trimmed* ./$PBS_JOBID
cd $PBS_JOBID

bowtie-build trimmedlreuterijcm1112.fa trimmedlreuterijcm1112

#ppn above should be 1 larger than -p below (thus if ppn=8 up top, the number after '-p' below should be one less)
#the first file name is the name of the trimmed RNAseq read data that comes from Trimmomatic
#in order for this script to work you need to make sure that whatever the file is named, it starts with 'trimmed' as seen below
#the second file is the file name that will contain the alignment of the reads to the genome. THIS HAS TO BE A .sam FILE!
#every sample = 20 minutes of walltime
#thus, if you have four samples, you will need to change the walltime to 00:80:00 instead of 00:20:00
#this just makes sure that the job will complete
#simply copy and paste each one of these commands below for each sample you want to align with bowtie
#it is as easy as that

time bowtie -S -p 7 trimmedlreuterijcm1112 trimmedLRWT1.fastq > alignLRWT1.sam

#Do not do anything below this line-leave it as is
rm *.fastq






The parts that you will want to change is the line that starts with the word “time”. In this line, we are doing several things:



		We are initiating Bowtie with the command bowtie


		We are asking Bowtie to output the alignment results as .sam files by raising the -S flag


		We are telling Bowtie to use 8 processors by raising the -p flag and specifying the number 7


		We are telling Bowtie to use the indexed genome that was built earlier in the code by specifying trimmedlreuterijcm1112


		The input is specified by giving the trimmedLRWT1.fastq


		We are telling Bowtie to output the data with the > and write it to a file called alignLRWT1.sam





You will need to change the filenames as identified in 5 and 6 to your appropriate sample file name. Once this is done, save the file and then upload it and the genome file (trimmedlreuterijcm1112.fa) to the RNAseq folder on the HPCC using FileZilla.


Once you have completed this task, please place a green sticky note on your computer. If you are having any issues, please put a red sticky note on your computer and I will come help you.


Submitting the job to the HPCC


Now we will use the job submission script you just edited to submit the Bowtie job.



		Log in to the HPCC (if you aren’t sure how to do this, refer to daytwo.)


		Load the powertools module (if you aren’t sure how to do this, refer back to the commands listed in daytwo.)


		Log in to the intel10 compute node by typing: intel10 and then hit Enter/Return


		Submit the job by navigating to your RNAseq folder and then typing: qsub trimmedbowtie.qsub and then hit Enter/Return






Note


BEFORE you submit the job, make sure you are 1) in the RNAseq folder and 2) the sequence file, the .qsub file, and genome (.fa) file are all there.





Note


To check the status of your job, simply type: sj (short for “show job”) and hit Enter/Return. This command is only possible though if you have the powertools module loaded.




Questions!


This step will take the longest time, computationally, out of the entire workflow.


HTSeq [http://www-huber.embl.de/users/anders/HTSeq/doc/overview.html] is a powerful Python package for analyzing NGS data. For our purposes, we will be using the counting feature of HTSeq. Let’s have a look at the way HTSeq can count whether a read maps to a gene [http://www-huber.embl.de/users/anders/HTSeq/doc/count.html#count].


We need to supply htseq-count with a couple things:



		A genome feature file (GTF) so that HTSeq “knows” where the start and end of a gene is


		The .sam file that was output from Bowtie





To use htseq-count on the HPCC, we have to edit another job submission script, which will look something like this:


#!/bin/bash -login
#PBS -l walltime=01:20:00,nodes=1:ppn=8,mem=8gb
#PBS -j oe

#Load Numpy module
module load NumPy

#Set the number of threads to match ppn
export MKL_NUM_THREADS=8

#Load HTSeq module
module load HTSeq

#This is changing directories to the folder that you renamed that contains the aligned reads
#In this case I have a folder called Bowtie within the RNAseq folder
#These can be whatever you have chosen to name or rename your folders to be as long as it ends with the folder that contains the aligned reads from Bowtie

cd ~/RNAseq/Bowtie/

mkdir $PBS_JOBID
cp align* ./$PBS_JOBID
cd $PBS_JOBID


#in order for this script to work you need to make sure that whatever the file is named, it starts with 'align' as seen below
#the second file is the file name that will contain the counts of the aligned reads to the genome. THIS HAS TO BE A .sam FILE!
#every sample = 1 hour and 10 minutes of walltime
#thus, if you have four samples, you will need to change the walltime to 04:40:00 instead of 01:10:00
#this just makes sure that the job will complete
#simply copy and paste each one of these commands below for each sample you want to count with HTSeq
#it is as easy as that

htseq-count -m intersection-nonempty --stranded=reverse alignLRWT1.sam alignlreuterijcm1112.gtf > LRWT1map.sam 






Thus, please download and open it in a text editor (e.g. TextEdit or Notepad; not Microsoft Word).


The part that you will want to change is the line that starts with the word “htseq-count”. In this line, we are doing several things:



		We are calling htseq-count


		Specifying which mode we want to use for HTSeq to count a read mapping to a gene with the -m intersection-nonempty


		Stating that the information it can expect is the reverse strand information with –stranded=reverse (this comes from the kit used to prepare the libraries)


		Providing the .sam input (please change this file name to your appropriate sample name)


		Providing the GTF file


		We are telling HTSeq to output the data with the > and write it to a file called LRWT1map.sam (please change this output file name to your appropriate sample name and making sure it ends in map.sam like the example)





Submitting the job to the HPCC


Now we will use the job submission script you just edited to submit the HTSeq job.



		Log in to the HPCC (if you aren’t sure how to do this, refer to daytwo.)


		Load the powertools module (if you aren’t sure how to do this, refer back to the commands listed in daytwo.)


		Log in to the intel10 compute node by typing: intel10 and then hit Enter/Return


		Edit the name of the folder that your Bowtie job put all the output in to Bowtie (e.g. Type: mv BowtieJobOutputLongListOfNumbers Bowtie) - tab auto-complete helps here :)


		Submit the job by navigating to your RNAseq folder and then the Bowtie folder you just renamed and typing: qsub alignhtseq.qsub and then hit Enter/Return






Note


BEFORE you submit the job, make sure you are 1) in the Bowtie folder and 2) the .sam file, the .qsub file, and feature file (.gtf) file are all there.





Note


To check the status of your job, simply type: sj (short for “show job”) and hit Enter/Return. This command is only possible though if you have the powertools module loaded.




Questions! We have about an hour for this to run, so now might be a good time to start writing up your report on the progress you’ve made so far.
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Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm5.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		15696217

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		162263		1.033771385805892		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		153525		0.9781019209915358		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		127337		0.8112591715570701		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		87072		0.5547323918878032		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		75022		0.477962301362169		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		72357		0.4609836879803586		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		62952		0.4010647915991477		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		62237		0.3965095538625645		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		61815		0.39382100795369995		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		57813		0.36832441855257225		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		52885		0.33692831846042903		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		48462		0.30874955411230615		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		46830		0.29835214434153146		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		45520		0.29000618429268654		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		42669		0.2718425720031776		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		41078		0.2617063716690461		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		38707		0.2466008210768238		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		37661		0.2399367949614866		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		36392		0.23185204434928494		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		35064		0.2233914069867918		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		33027		0.21041375765893144		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		32895		0.20957279069217763		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		32687		0.20824763062335339		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		32397		0.2064000516812427		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		32096		0.20448239215856917		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		31566		0.20110578236781515		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		31463		0.20044957329527235		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		29406		0.1873445047300251		No Hit

		GTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTC		29257		0.18639523141149233		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		27508		0.175252419102004		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		27319		0.17404830730869736		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		27264		0.17369790440588329		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		26782		0.1706271007848579		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		26657		0.16983073055118952		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		26027		0.16581702457350073		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		25282		0.16107065798083703		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		24968		0.159070175953862		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		23936		0.15249534330469564		No Hit

		AAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTAC		23446		0.1493735719887155		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		23094		0.14713099341070526		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		22845		0.14554462390523779		No Hit

		GTCACCATAAAATGGTGCCCCGCCTTATTTTTTCAGCGAGCACAAACACT		22704		0.14464631828165986		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		22327		0.14224446565691592		No Hit

		AGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACC		21662		0.13800777601380002		No Hit

		GTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGA		21603		0.13763188926350853		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		21598		0.1376000344541618		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		21592		0.1375618086829457		No Hit

		GTAACTTCTGGTAAGTCCTTACCTTCTGAACGGATGTAGTGGTTGTGCTT		20740		0.13213374917026185		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		20284		0.1292285905578395		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		20282		0.12921584863410082		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		19998		0.1274064954632062		No Hit

		AGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTC		18401		0.11723206935785864		No Hit

		GTTCAATTCGTTGATGTCAGCAGTTAAAACAGCAACTTGAACTTGAGTAG		18200		0.11595150602211986		No Hit

		CGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGT		18114		0.115403603301356		No Hit

		GTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATCACTTCA		17221		0.10971433435202889		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		16960		0.10805151330412927		No Hit

		GTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAATGGTGCCCCGC		16513		0.10520369334853104		No Hit

		GTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATT		16163		0.10297385669425951		No Hit

		GCCATGTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAAT		15725		0.10018337539548543		No Hit
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Kmer Content
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		14325		0.0		39.00401		1

		CTCGGAG		50		2.4026285E-6		30.735775		1

		CCGTGTC		18960		0.0		29.631119		2

		TACGTGA		3310		0.0		28.57789		39

		GGAGTCC		665		0.0		28.490088		35

		CGCAACG		9165		0.0		28.194221		1

		GGCGTCC		2175		0.0		26.95058		1

		AAGCCGA		5870		0.0		26.452454		44

		GTGGGTT		15490		0.0		26.446997		1

		GCCGCAC		1920		0.0		26.184868		8

		CGAAGCC		6005		0.0		26.072361		42

		GAAGCCG		6090		0.0		25.885338		43

		CGGGTCC		205		0.0		25.702389		2

		CCTATCT		1625		0.0		25.399231		3

		GTTCTAT		895		0.0		25.265642		1

		ACTCGGT		2385		0.0		24.917961		44

		ATCTAGG		330		0.0		24.615229		1

		CGGCAGG		1485		0.0		24.439878		43

		CGTGTCC		23200		0.0		24.423964		3

		TGGGTTG		16615		0.0		24.022026		2
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Logging into and transferring files to and from the MSU HPCC


There are multiple ways with which you can access the HPCC and transfer files to the iCER machines. This overview will be from a GUI standpoint. If you would like to get fancy and learn the Linux/Unix commands, you can access the examples on the HPCC wiki here [https://wiki.hpcc.msu.edu/display/hpccdocs/Transferring+Files+to+the+HPCC]. Any other questions you may have not detailed here (which is a lot...) on how to use the HPCC more effectively, you can check out the user manual here [https://wiki.hpcc.msu.edu/display/hpccdocs/HPCC+Basics]. There are even videos of examples on how to use various software packages.


Mac users:


1. Open the terminal by going to Finder -> Applications -> Utilities -> Terminal (might just be worth dragging it onto your dock).


[image: Navigate to terminal on a Mac]
2. Type: ssh YourMSUNetID@hpcc.msu.edu


3. You will then be prompted for your MSU NetID password. As you begin to type, the cursor will not show that you are entering characters, but you are. Hit the Enter/Return key at the end and you will be logged in. If this is the first time accessing the HPCC, it will send you a warning about not recognizing the RSA fingerprint. Type yes or y or whatever it needs to continue. It is okay, and necessary, to say you trust iCER to use the HPCC at MSU. If you are uncomfortable with any of this, utilize a lab or MSU computer.


4. As an example of Step 3., for me it would be > ssh john3434@hpcc.msu.edu.


5. Once you are logged in, it should look something like this:


[image: HPCC log in screen]
6. Congratulations! You’ve logged in. Let’s make a new folder here in anticipation of putting the data into it. Let’s call it RNAseq. Please don’t add any spaces. If you aren’t sure how to make a new folder, scroll up a bit to the Basic Linux/Unix commands.


7. To log out, type: exit.


Windows users:


1. I am going to take the easy way out and here [https://wiki.hpcc.msu.edu/display/hpccdocs/Video+Tutorial+-+Putty] is a video on how to install an ssh client on Windows.


2. Congratulations! You’ve logged in. Let’s make a new folder here in anticipation of putting the data into it. Let’s call it RNAseq. Please don’t add any spaces. If you aren’t sure how to make a new folder, scroll up a bit to the Basic Linux/Unix commands.


3. To log out, type: exit.


Transferring files from your machine to the HPCC using FileZilla


1. If you haven’t already downloaded and installed FileZilla [https://filezilla-project.org/], please do so. We want to download the FileZilla Client and not the server version.


2. Open the application and then we will need to input a few things to get connected to the MSU HPCC.




		Host: hpcc.msu.edu


		Username: Your MSU NetID


		Password: Your MSU NetID password


		Port: 22


		Click Quickconnect









3. Now that you are connected, you can move files from your computer (red circle) to the MSU HPCC (green circle) and vice versa, simply by double clicking the file. The connection closes if you exit out of the application.


[image: Transfer files from local host to HPCC with FileZilla]
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Basic Statistics

		Measure		Value

		Filename		trimmedLRindole6.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		18146975

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Per base sequence quality

[image: Per base quality graph]




[image: [WARN]]

Per tile sequence quality
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Per sequence quality scores
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Per sequence GC content
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Per base N content
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Sequence Duplication Levels
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		74632		0.41126413630921954		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		70557		0.38880860308674037		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		69873		0.38503937984154385		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		65645		0.3617407308931654		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		59861		0.32986765011799485		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		45436		0.2503778177905684		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		42311		0.23315731685308433		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		39977		0.22029566911289622		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		30699		0.1691686906495435		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		30593		0.16858457125774406		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		27805		0.15322112914135827		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		27331		0.1506091235591607		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		26273		0.14477895076176606		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		25691		0.14157180466716904		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		24976		0.1376317540526727		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		24892		0.13716886698747313		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		24051		0.1325344857751774		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		22537		0.12419149748098514		No Hit

		CGGACAGTTGCTGAACTGACCTTAAAAGGTAACTTTTCTGCTAAATGTTT		22481		0.12388290610418543		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		21979		0.12111660483358797		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		21240		0.11704430077189172		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		21121		0.11638854409619234		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		21027		0.11587055142799282		No Hit

		GCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGGC		20140		0.11098268444189735		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		20038		0.11042060729129785		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		19722		0.10867927023649948		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		19511		0.10751654201320054		No Hit

		GAAACTTTGACCGATGGGGCTGTGAAGCCAATCGTTAACTGGAATCGTCC		19188		0.10573663103630218		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		19042		0.10493208923250295		No Hit

		GTGACTTTTCAAGCAAAACGTCTGTCAAGTCCTGGCCGGCCAAGTTTCCA		18556		0.10225395692670541		No Hit

		GTCAAATGGTATTACATCATACCGCCCATGCCGCCTTGTGGAGCAGCAGG		18495		0.10191781274840574		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		18465		0.10175249593940588		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		8495		0.0		36.121647		1

		GTTCTAT		3750		0.0		31.607218		1

		GACTCCG		2015		0.0		31.154068		3

		CGCAACG		11625		0.0		30.530989		1

		GCGACTC		2185		0.0		29.332912		1

		CCGTGTC		11030		0.0		27.819893		2

		GGAGTCC		2075		0.0		27.391144		35

		TCTATTC		3995		0.0		26.482197		3

		CGACTCC		2465		0.0		25.822891		2

		ACTCTAG		745		0.0		25.338327		15

		CGAAGCC		7890		0.0		25.049498		42

		GAGTCCG		2285		0.0		24.991493		36

		CGCGGGG		1590		0.0		24.848442		9

		TCGGCGT		5370		0.0		24.197538		7

		TACGTGA		2945		0.0		23.651735		39

		TCGCGGG		1685		0.0		23.577755		8

		AATCGGC		5615		0.0		23.532633		5

		CTACACA		785		0.0		23.207705		9

		ATCGGCG		5640		0.0		23.155897		6

		GTCGGCT		1730		0.0		23.091335		1





Produced by FastQC  (version 0.11.2)


_downloads/trimmedLRcomm7_fastqc.html
[image: FastQC]

FastQC Report
Wed 4 Mar 2015
trimmedLRcomm7.fastq.gz

Summary

		[image: [PASS]]

Basic Statistics

		[image: [PASS]]

Per base sequence quality

		[image: [WARNING]]

Per tile sequence quality

		[image: [PASS]]

Per sequence quality scores

		[image: [FAIL]]





Per base sequence content

		[image: [WARNING]]

Per sequence GC content

		[image: [PASS]]

Per base N content

		[image: [WARNING]]

Sequence Length Distribution

		[image: [FAIL]]





Sequence Duplication Levels

		[image: [FAIL]]





Overrepresented sequences

		[image: [PASS]]

Adapter Content

		[image: [FAIL]]





Kmer Content




[image: [OK]]

Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm7.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		14304301

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Per base sequence quality
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Per tile sequence quality
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Per sequence quality scores
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Per sequence GC content
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Per base N content
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Sequence Length Distribution
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Sequence Duplication Levels
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		172919		1.208860188274841		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		138669		0.9694217144899285		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		115914		0.8103436861402734		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		81545		0.5700732947384147		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		77318		0.5405227420759672		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		73649		0.5148731140375191		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		71147		0.49738187136861844		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		66314		0.4635948306736555		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		61934		0.43297466964656295		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		47700		0.33346613721285645		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		42399		0.2964073532848617		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		40203		0.2810553273452509		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		39022		0.27279906931488646		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		37291		0.2606978138952753		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		35934		0.2512111567003519		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		34474		0.2410044363579877		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		33335		0.23304179631007485		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		32488		0.22712050033063483		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		32007		0.2237578753411299		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		30747		0.21494933586758275		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		30359		0.21223686498207778		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		29537		0.20649034161123989		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		28353		0.19821311086784318		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		27143		0.18975411661150027		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		26809		0.18741915456057587		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		25202		0.17618477127963122		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		25087		0.1753808172800614		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		24490		0.17120724738664267		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		24386		0.17048019333485784		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		23517		0.1644050974598479		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		23386		0.16348928899077278		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		22681		0.1585607014281928		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		21329		0.14910899875498984		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		20122		0.1406709772116792		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		20038		0.14008374124677606		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		19710		0.13779072462191616		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		19382		0.13549770799705627		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		18882		0.13200225582501374		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		18879		0.13198128311198148		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		18854		0.13180651050337938		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		18548		0.12966729377408934		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		17381		0.1215089084045421		No Hit

		GTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATT		17043		0.11914598273624136		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		16693		0.1166991662158116		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		16621		0.11619582110303746		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		16249		0.11359520468703785		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		16223		0.11341344117409163		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		15282		0.1068350001863076		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		15261		0.10668819119508183		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		15082		0.10543681931749059		No Hit

		TCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCA		14853		0.10383590222269512		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		14762		0.10319972992738338		No Hit

		CTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGT		14711		0.10284319380583504		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		14563		0.10180853996291045		No Hit

		ATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATC		14376		0.10050124085056655		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		19210		0.0		40.545147		1

		CGGGTCC		305		0.0		30.949331		2

		CGCAACG		12185		0.0		29.365995		1

		AAGCCGA		6040		0.0		29.047913		44

		CCGTGTC		27030		0.0		28.855713		2

		GACTCCG		835		0.0		27.078953		3

		CGAAGCC		6845		0.0		25.89295		42

		GAAGCCG		6855		0.0		25.76315		43

		GCGACTC		925		0.0		25.393621		1

		GGAGTCC		555		0.0		25.009367		35

		CCTATGC		365		0.0		24.65881		3

		TACGTGA		2770		0.0		24.181917		39

		CCTATCT		1625		0.0		24.181364		3

		CGTGTCC		32970		0.0		23.803356		3

		GGGAGTC		315		0.0		23.694689		2

		TGACGTC		7160		0.0		23.516085		2

		CTATCTA		1745		0.0		23.399073		4

		GTGTCCA		33920		0.0		23.143166		4

		ACTCTAG		530		0.0		22.781223		15

		CGTCCGG		8700		0.0		22.607143		44
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec7.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		19108243

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		182348		0.9542897272135382		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		168418		0.8813892517485779		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		124594		0.6520432046002346		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		105228		0.5506942736702689		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		101561		0.5315036029215245		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		87013		0.4553689211509399		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		68060		0.3561813611015937		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		64065		0.33527415367284163		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		58353		0.30538129539173225		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		53566		0.280329279881986		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		50971		0.2667487534044862		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		48788		0.25532436446406925		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		46259		0.24208923865998563		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		45466		0.23793919723545487		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		45220		0.23665179472544912		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		44124		0.2309160502093259		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		41159		0.21539918662328086		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		36528		0.1911635727052456		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		36522		0.19113217264402593		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		35883		0.18778806612413293		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		32709		0.17117743373893665		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		32574		0.17047093236149446		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		31418		0.1644211872331747		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		30626		0.16027637915218054		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		30233		0.15821967514229332		No Hit

		CTTGTCCAAGTGCAGGACCTACTGGTGGAGCTGGTGTAGCGGCACCGGCA		30225		0.15817780839400042		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		29330		0.15349396592873557		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		29249		0.15307006510227025		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		28889		0.1511860614290911		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		28668		0.15002949250750056		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		28176		0.14745468748748905		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		27845		0.14572245077687154		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		25988		0.136004131829389		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		25676		0.1343713286459671		No Hit

		CAGCAATCTTGTCATGAGTACCTTCAATTGAAGGATCCATTGAAATGCGA		24382		0.12759938210959532		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		24307		0.12720688134434968		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		24277		0.1270498810382514		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		24101		0.12612881257580824		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		22376		0.11710129497515812		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		21645		0.11327572084989708		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		20787		0.10878551209548674		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		20505		0.10730970921816307		No Hit

		GTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTC		19797		0.10360450199424405		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		19576		0.10244793307265351		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		19461		0.10184609856594351		No Hit

		CGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGT		19309		0.10105063034837897		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		20520		0.0		40.89444		1

		CGCAACG		17685		0.0		32.829025		1

		CGGGTCC		325		0.0		31.067896		2

		CCGTGTC		28105		0.0		29.97497		2

		CCTATCT		2395		0.0		29.236307		3

		CTATCTA		2505		0.0		28.302979		4

		TCCTATC		2805		0.0		27.936544		2

		CGTTAGG		21130		0.0		27.518261		6

		TAGGTAT		21825		0.0		26.64196		9

		ACGTTAG		22935		0.0		25.993784		5

		AGGTATG		22415		0.0		25.960285		10

		TTAGGTA		22585		0.0		25.842632		8

		CCTATGC		460		0.0		25.76756		3

		GTATGGA		22625		0.0		25.719532		12

		TATGGAA		22705		0.0		25.706387		13

		GGTATGG		22615		0.0		25.691877		11

		GTTAGGT		23195		0.0		25.096758		7

		ATGGAAG		23410		0.0		25.026125		14

		GTGTCCA		34440		0.0		24.709845		4

		CCTCTCG		445		0.0		24.663082		3
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Basic Statistics

		Measure		Value

		Filename		trimmedLRindole5.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		18468709

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		100299		0.5430753172839531		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		82492		0.44665818276740404		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		73417		0.3975210178469973		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		70046		0.3792685238583812		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		69101		0.3741517612303058		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		53539		0.2898903220577031		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		45065		0.2440073098774798		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		42258		0.2288086297748262		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		41690		0.2257331576343533		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		39205		0.21227796701978463		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		35196		0.1905709814367642		No Hit

		GTCGCGGGTACCCTGCATCTTCACAGGGATTTCAATTTCACCGAGTCTCT		34899		0.18896285603936908		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		28966		0.15683825003685964		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		27437		0.1485593822502699		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		25964		0.14058373002682537		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		25119		0.13600842376150926		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		24997		0.1353478469989429		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		24760		0.13406459541920338		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		24413		0.13218574184042858		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		24056		0.13025274262537787		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		23701		0.12833057253758234		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		23615		0.12786492006560934		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		23598		0.12777287248394026		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		22956		0.12429672263502553		No Hit

		GAAACTTTGACCGATGGGGCTGTGAAGCCAATCGTTAACTGGAATCGTCC		22767		0.12327337010941046		No Hit

		GTCAAATGGTATTACATCATACCGCCCATGCCGCCTTGTGGAGCAGCAGG		22647		0.1226236224740993		No Hit

		CGGACAGTTGCTGAACTGACCTTAAAAGGTAACTTTTCTGCTAAATGTTT		22498		0.12181685249358794		No Hit

		GCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGGC		22169		0.12003546106010984		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		21515		0.116494336447664		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		21188		0.11472377414144107		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		20734		0.11226556225451384		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		19747		0.10692138795407953		No Hit

		AGCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGG		19461		0.10537282275658792		No Hit

		AACAGCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAA		19267		0.10432239741283487		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		19121		0.10353187112320628		No Hit

		GTGACTTTTCAAGCAAAACGTCTGTCAAGTCCTGGCCGGCCAAGTTTCCA		19079		0.10330445945084737		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		18971		0.10271968657906733		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		18879		0.10222154672532877		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		9755		0.0		36.785744		1

		GACTCCG		2240		0.0		33.019444		3

		GTCGCGG		6135		0.0		32.375988		1

		GAGTCTC		5890		0.0		32.00095		43

		CGAGTCT		6125		0.0		31.080711		42

		GCGACTC		2475		0.0		30.682442		1

		GTCTCGG		445		0.0		30.578817		1

		GTTCTAT		3800		0.0		30.437996		1

		CCGAGTC		6275		0.0		30.336226		41

		CGCAACG		10925		0.0		29.832802		1

		GGAGTCC		1860		0.0		29.493786		35

		CACAGGG		6715		0.0		28.697767		22

		TCACAGG		6735		0.0		28.580112		21

		CGACTCC		2605		0.0		28.5615		2

		ACCGAGT		6700		0.0		28.29288		40

		CGAAGCC		7380		0.0		28.11568		42

		GTCGGCT		2020		0.0		28.032213		1

		TCTATTC		3865		0.0		27.597809		3

		CGCGGGG		1510		0.0		27.180191		9

		CGGGTAC		7270		0.0		26.62699		5
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Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm3.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		16855214

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		192353		1.1412076998844394		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		179768		1.066542376738735		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		130941		0.7768575350037087		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		118709		0.7042865192930805		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		89760		0.5325355109700773		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		72542		0.4303831443492797		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		64971		0.3854652928168103		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		60190		0.35710018276837063		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		58179		0.34516915655891406		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		56882		0.3374742082776285		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		49491		0.29362427555058035		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		48252		0.2862734344399306		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		47797		0.28357397301511567		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		45096		0.26754925805154417		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		44478		0.2638827368195978		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		44052		0.2613553289801008		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		42688		0.2532628775879084		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		39879		0.23659741134108414		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		38165		0.2264284511605726		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		37155		0.2204362400857088		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		35817		0.21249804363207728		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		30103		0.17859755444220407		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		29923		0.17752963563678278		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		29282		0.17372665811303256		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		28072		0.16654787058770062		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		27627		0.16390773798540914		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		25321		0.1502265115115121		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		24366		0.144560608960527		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		24124		0.1431248514554606		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		23831		0.14138651695552484		No Hit

		GTCACCATAAAATGGTGCCCCGCCTTATTTTTTCAGCGAGCACAAACACT		23462		0.13919728340441123		No Hit

		CTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGT		23302		0.13824802224403676		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		22821		0.135394305880661		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		22175		0.13156166394564908		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		22055		0.13084971807536824		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		21965		0.1303157586726576		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		21876		0.1297877321521993		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		21438		0.1271891297256742		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		21139		0.12541519793222441		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		20090		0.1191916044495193		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		19743		0.11713289430795716		No Hit

		CTTGTCCAAGTGCAGGACCTACTGGTGGAGCTGGTGTAGCGGCACCGGCA		19623		0.11642094843767631		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		18718		0.11105168999930821		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		18436		0.10937861720414822		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		18398		0.10915316767855929		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		18073		0.10722498094654866		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		17942		0.10644777337149205		No Hit

		CAGCAATCTTGTCATGAGTACCTTCAATTGAAGGATCCATTGAAATGCGA		17254		0.10236595038188184		No Hit

		ATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATC		17175		0.10189725268394693		No Hit

		CTCCTATCTAATATTCGTTTTTTACCAAACGTAAGCGATAACTTCGCCAC		17095		0.10142262210375971		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		20745		0.0		41.374012		1

		CGCAACG		16835		0.0		32.741447		1

		CGGGTCC		220		0.0		31.929466		2

		CCGTGTC		27325		0.0		31.402906		2

		CCTATCT		2675		0.0		30.116558		3

		CTATCTA		2765		0.0		30.088955		4

		CGTTAGG		19470		0.0		28.197596		6

		TCCTATC		3200		0.0		27.850973		2

		TAGGTAT		20300		0.0		26.99062		9

		ACGTTAG		20985		0.0		26.726757		5

		AGGTATG		20690		0.0		26.524296		10

		CCTATGC		785		0.0		26.2858		3

		GGTATGG		20950		0.0		26.153202		11

		ACGTCCG		21460		0.0		26.093266		44

		CGTGTCC		33190		0.0		25.9859		3

		TTAGGTA		21205		0.0		25.890457		8

		GTATGGA		21235		0.0		25.833433		12

		GTTAGGT		21320		0.0		25.802286		7

		GTGTCCA		33510		0.0		25.718102		4

		TACCGCT		32605		0.0		25.633383		43





Produced by FastQC  (version 0.11.2)


_images/multiplex.jpg
® 0

J.

[





_downloads/trimmedLRLB4_fastqc.html
[image: FastQC]

FastQC Report
Wed 4 Mar 2015
trimmedLRLB4.fastq.gz

Summary

		[image: [PASS]]

Basic Statistics

		[image: [PASS]]

Per base sequence quality

		[image: [WARNING]]

Per tile sequence quality

		[image: [PASS]]

Per sequence quality scores

		[image: [FAIL]]





Per base sequence content

		[image: [PASS]]

Per sequence GC content

		[image: [PASS]]

Per base N content

		[image: [WARNING]]

Sequence Length Distribution

		[image: [FAIL]]





Sequence Duplication Levels

		[image: [WARNING]]

Overrepresented sequences

		[image: [PASS]]

Adapter Content

		[image: [FAIL]]





Kmer Content




[image: [OK]]

Basic Statistics

		Measure		Value

		Filename		trimmedLRLB4.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		15358046

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		95076		0.6190631282130553		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		91767		0.5975174185570221		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		86489		0.5631510675251266		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		82377		0.5363768281459764		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		54049		0.35192628020517713		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		49142		0.31997560106279144		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		43460		0.2829787070568743		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		37511		0.24424331063990823		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		36535		0.23788833553435115		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		35455		0.23085619095033313		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		35284		0.22974276805786364		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		33585		0.2186801628280056		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		32595		0.2122340302926557		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		31150		0.20282528128903898		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		29996		0.195311304576116		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		29460		0.19182127726404777		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		28959		0.18855914352646164		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		28345		0.18456123910554767		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		28057		0.18268600054980952		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		26980		0.17567338970074708		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		26413		0.17198151379413762		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		25108		0.16348433908844914		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		24705		0.16086030735941279		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		24609		0.16023522784083338		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		24276		0.15806698326076116		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		23486		0.15292309972245166		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		22825		0.14861916678723322		No Hit

		GTGCAATTCAGCAGTATGAGTACCACCACCATAAGGAGTCCGAATGGTAA		22632		0.14736249650508926		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		22407		0.14589746638341883		No Hit

		CAAGACTTCTGCGCCGTTATCACGTAATGTTTGCGCAAAAAGGTCATGTT		20998		0.13672312219926935		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		20410		0.13289451014797063		No Hit

		GTTATTTTCACGATAACCAAAGTAGAATTGGATAGCAGCAATTGCAATGT		18895		0.12302997399538979		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		18430		0.12000224507727089		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		18402		0.11981993021768524		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		18127		0.11802933784675472		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		17312		0.11272267318381518		No Hit

		GCCAAGGTAAGTTACATGAGCACCTTCATCCTTAGCACCAACTTCAAAAG		17004		0.110717209728373		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		16748		0.10905033101216131		No Hit

		GGCGTCCTTAGCGTCAACAATTACAAGTTGGCCATCCTTCATTTCAGCAA		15810		0.10294278321604194		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		15529		0.1011131233752002		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		15526		0.10109358964024459		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		10595		0.0		39.23644		1

		GTTCTAT		3325		0.0		38.154587		1

		GGAGTCC		3290		0.0		32.01116		35

		GAGTCCG		3480		0.0		30.47707		36

		TCTATTC		4080		0.0		30.179293		3

		AGGAGTC		3525		0.0		29.919054		34

		CCGTGTC		14055		0.0		29.592999		2

		CTATTCA		4900		0.0		27.547703		4

		ATCCTAC		975		0.0		25.663033		6

		CCTCGAG		60		9.941297E-6		25.606754		5

		CGCAACG		9955		0.0		25.4434		1

		AATCGGC		3085		0.0		24.972368		5

		CAGTATG		4330		0.0		24.787352		12

		GTCCGAA		4270		0.0		24.779995		38

		TCGGCGT		2935		0.0		24.603424		7

		TTCTATT		5240		0.0		24.503897		2

		CGTGTCC		17970		0.0		23.548613		3

		GTATGAG		4580		0.0		23.530483		14

		ACTCTAG		1065		0.0		23.082521		15

		GGCGGCA		735		0.0		22.994196		16
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Counting gene features with HTSeq


This step will take the longest time, computationally, out of the entire workflow.


HTSeq [http://www-huber.embl.de/users/anders/HTSeq/doc/overview.html] is a powerful Python package for analyzing NGS data. For our purposes, we will be using the counting feature of HTSeq. Let’s have a look at the way HTSeq can count whether a read maps to a gene [http://www-huber.embl.de/users/anders/HTSeq/doc/count.html#count].


We need to supply htseq-count with a couple things:



		A genome feature file (GTF) so that HTSeq “knows” where the start and end of a gene is


		The .sam file that was output from Bowtie





To use htseq-count on the HPCC, we have to edit another job submission script, which will look something like this:


#!/bin/bash -login
#PBS -l walltime=01:20:00,nodes=1:ppn=8,mem=8gb
#PBS -j oe

#Load Numpy module
module load NumPy

#Set the number of threads to match ppn
export MKL_NUM_THREADS=8

#Load HTSeq module
module load HTSeq

#This is changing directories to the folder that you renamed that contains the aligned reads
#In this case I have a folder called Bowtie within the RNAseq folder
#These can be whatever you have chosen to name or rename your folders to be as long as it ends with the folder that contains the aligned reads from Bowtie

cd ~/RNAseq/Bowtie/

mkdir $PBS_JOBID
cp align* ./$PBS_JOBID
cd $PBS_JOBID


#in order for this script to work you need to make sure that whatever the file is named, it starts with 'align' as seen below
#the second file is the file name that will contain the counts of the aligned reads to the genome. THIS HAS TO BE A .sam FILE!
#every sample = 1 hour and 10 minutes of walltime
#thus, if you have four samples, you will need to change the walltime to 04:40:00 instead of 01:10:00
#this just makes sure that the job will complete
#simply copy and paste each one of these commands below for each sample you want to count with HTSeq
#it is as easy as that

htseq-count -m intersection-nonempty --stranded=reverse alignLRWT1.sam alignlreuterijcm1112.gtf > LRWT1map.sam 






Thus, please download and open it in a text editor (e.g. TextEdit or Notepad; not Microsoft Word).


The part that you will want to change is the line that starts with the word “htseq-count”. In this line, we are doing several things:



		We are calling htseq-count


		Specifying which mode we want to use for HTSeq to count a read mapping to a gene with the -m intersection-nonempty


		Stating that the information it can expect is the reverse strand information with –stranded=reverse (this comes from the kit used to prepare the libraries)


		Providing the .sam input (please change this file name to your appropriate sample name)


		Providing the GTF file


		We are telling HTSeq to output the data with the > and write it to a file called LRWT1map.sam (please change this output file name to your appropriate sample name and making sure it ends in map.sam like the example)





Submitting the job to the HPCC


Now we will use the job submission script you just edited to submit the HTSeq job.



		Log in to the HPCC (if you aren’t sure how to do this, refer to daytwo.)


		Load the powertools module (if you aren’t sure how to do this, refer back to the commands listed in daytwo.)


		Log in to the intel10 compute node by typing: intel10 and then hit Enter/Return


		Edit the name of the folder that your Bowtie job put all the output in to Bowtie (e.g. Type: mv BowtieJobOutputLongListOfNumbers Bowtie) - tab auto-complete helps here :)


		Submit the job by navigating to your RNAseq folder and then the Bowtie folder you just renamed and typing: qsub alignhtseq.qsub and then hit Enter/Return






Note


BEFORE you submit the job, make sure you are 1) in the Bowtie folder and 2) the .sam file, the .qsub file, and feature file (.gtf) file are all there.





Note


To check the status of your job, simply type: sj (short for “show job”) and hit Enter/Return. This command is only possible though if you have the powertools module loaded.




Questions! We have about an hour for this to run, so now might be a good time to start writing up your report on the progress you’ve made so far.
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec6.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		20084358

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		151155		0.752600605904356		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		136932		0.6817843019926253		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		125229		0.6235150757619436		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		121581		0.6053516871189012		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		114129		0.5682481859763703		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		67831		0.33773048658065147		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		65485		0.32604975473948433		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		63240		0.3148719018053751		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		61589		0.30665157432465606		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		61209		0.30475955467433913		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		53947		0.2686020633569667		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		51706		0.2574441264191765		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		48400		0.24098355546141925		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		47081		0.23441625567518762		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		45076		0.22443336252022597		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		39856		0.19844298732376708		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		39786		0.19809445738818238		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		38619		0.19228396546207752		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		36174		0.180110312712012		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		36100		0.17974186678010817		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		34535		0.1719497332202503		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		33954		0.1690569347548973		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		32305		0.16084656527233782		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		31701		0.15783924982814984		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		31459		0.15663433205084276		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		28990		0.1443411833228625		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		28079		0.13980531516118164		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		28020		0.13951155421547456		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		27981		0.1393173732513631		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		27683		0.13783363152558822		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		27656		0.13769919855043414		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		27340		0.1361258348412232		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		26265		0.1307734108304582		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		25773		0.12832374328320578		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		25759		0.12825403729608884		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		25298		0.12595871872030961		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		25067		0.12480856993288011		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		24401		0.1214925565457457		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		24000		0.11949597791475336		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		22818		0.11361080100245174		No Hit

		CAGATTTGAAATTTGACTAGCTCCGCGGAAATTACCGCCACATCCTGTGG		21782		0.10845255795579824		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		21212		0.10561452848032284		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		20542		0.10227859909686932		No Hit

		CTTAGCCTTACGTAACCACTTCATGTGTTGAGTAAGCATTGAATCAACAA		20382		0.1014819592441043		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		20278		0.10096414333980702		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		16850		0.0		40.73676		1

		CGGGTCC		250		0.0		35.121937		2

		CGCAACG		16765		0.0		32.445633		1

		CCTATGC		670		0.0		30.14196		3

		TCCTATG		690		0.0		29.26828		2

		AAGCCGA		10820		0.0		28.674774		44

		CCGTGTC		24205		0.0		28.340233		2

		GGAGTCC		965		0.0		25.343018		35

		GAAGCCG		12365		0.0		25.187347		43

		CGAAGCC		12345		0.0		25.129648		42

		GGGGGGT		70		1.1556167E-6		25.087784		21

		CTATCTA		2480		0.0		24.872139		4

		TGACGTC		6050		0.0		24.708717		2

		TCCTATC		2570		0.0		24.684435		2

		CCTATCT		2405		0.0		24.552498		3

		CCGCGTT		21720		0.0		23.537924		1

		GACTCCG		550		0.0		23.14855		3

		CGTTAGG		23450		0.0		23.121319		6

		CGTGTCC		30375		0.0		22.749763		3

		GTGTCCA		30315		0.0		22.736864		4
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Basic Statistics

		Measure		Value

		Filename		trimmedLRindole1.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		15851242

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		92966		0.586490320443029		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		77551		0.48924242024694337		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		75647		0.4772307431808813		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		68003		0.429007392606838		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		62742		0.395817564327136		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		61430		0.3875406103824546		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		52279		0.3298101183490858		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		46705		0.29464568139203223		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		41331		0.26074297521922885		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		41190		0.25985345501633245		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		30642		0.19330977345497596		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		29670		0.1871777618435199		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		29621		0.18686863780137858		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		28746		0.1813485656202839		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		27196		0.1715701520423447		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		27037		0.17056707606886579		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		25760		0.16251092501142814		No Hit

		GTCAAATGGTATTACATCATACCGCCCATGCCGCCTTGTGGAGCAGCAGG		23399		0.1476161931033543		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		23016		0.14519997865151513		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		22758		0.14357234593983234		No Hit

		CTTCAATCGGCGTATCGCCACTCCGCATCATGATAACATGACCGATTGTA		22640		0.14282792477712472		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		22615		0.14267020842909345		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		22153		0.13975561031747544		No Hit

		CGGACAGTTGCTGAACTGACCTTAAAAGGTAACTTTTCTGCTAAATGTTT		21849		0.1378377795254151		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		21723		0.13704288913133747		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		21675		0.13674007374311742		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		19811		0.12498074283390538		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		19594		0.12361176493299389		No Hit

		GCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGGC		19182		0.12101259951743844		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		18641		0.11759961774604161		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		18386		0.11599091099612256		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		18009		0.11361254846781091		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		17639		0.11127834651694801		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		17625		0.11119002536205048		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		17319		0.10925957726214766		No Hit

		GTTGCCATGCTGATATTGGCAACTGAGTCTTTAAGATCATCATAAATCAT		17116		0.1079789205161337		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		16862		0.1063765224201359		No Hit

		AGCTGGAGCAAGCTTTTGTCCGTTTTCTAAAGTACGACCTTCTCCAACGG		16600		0.10472365509276813		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		16365		0.1032411214212741		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		11225		0.0		37.877502		1

		GTTCTAT		3275		0.0		34.047913		1

		CGCAACG		11850		0.0		29.841131		1

		TCTATTC		3585		0.0		29.083132		3

		GACTCCG		1420		0.0		29.06071		3

		CCGTGTC		14995		0.0		28.456919		2

		CGAAGCC		10590		0.0		27.244661		42

		GGAGTCC		1460		0.0		27.006334		35

		GTCGGCT		1750		0.0		26.591074		1

		AAGCCGA		10910		0.0		26.230461		44

		GCGACTC		1625		0.0		26.07006		1

		AATCGGC		4525		0.0		25.75811		5

		CAATCGG		5115		0.0		24.374708		4

		TCGGCGT		4740		0.0		23.941442		7

		GTGGGTT		15410		0.0		23.816158		1

		TACGTGA		3285		0.0		23.55898		39

		GAAGCCG		12285		0.0		23.483616		43

		TTCTATT		4845		0.0		23.467892		2

		GAGTCCG		1730		0.0		23.067083		36

		CCTATGC		515		0.0		22.589436		3
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Phred Quality Probability of Base Call
Score Incorrect Base Call Accuracy
10 1in 10 90%
20 11in 100 99%
30 11in 1,000 99.9%
40 1in 10,000 99.99%

50 1in 100,000 99.999%
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec1.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		14337375

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		186315		1.299505662647451		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		142508		0.9939615864131335		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		138912		0.9688802866633537		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		106763		0.7446481660694514		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		91699		0.6395801183968474		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		75509		0.5266584713031499		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		72520		0.5058108614722011		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		70545		0.4920356759867131		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		59395		0.4142669072964891		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		56262		0.39241492951115525		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		51461		0.35892902292086243		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		49089		0.34238485078335473		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		45552		0.3177150629037742		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		42309		0.2950958595977297		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		42292		0.2949772883808926		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		42210		0.29440535662909		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		40334		0.2813206741122416		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		37581		0.26211911176209035		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		37139		0.2590362601243254		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		36332		0.25340761471329304		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		33890		0.23637520815351487		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		32991		0.2301048832160699		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		31429		0.21921028082197755		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		30751		0.21448138170341502		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		30585		0.21332356864488794		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		29343		0.2046608950383177		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		28303		0.1974071264788708		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		27150		0.18936520806633014		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		26914		0.18771916058553256		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		26829		0.187126304501347		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		26268		0.18321345434572228		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		25666		0.17901463831419628		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		25533		0.1780869929118824		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		25274		0.17628052554948168		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		24775		0.17280011159643938		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		24723		0.17243742316846702		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		24308		0.16954289052214927		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		24291		0.16942431930531215		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		23643		0.16490466351057986		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		23308		0.16256811306114266		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		22741		0.15861341424075187		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		21874		0.15256628218205914		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		21747		0.1516804854445113		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		20669		0.1441616753415461		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		20005		0.13953042310743774		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		19373		0.13512236375208153		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		18145		0.12655733702996538		No Hit

		GTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATT		17940		0.12512750765045902		No Hit

		TCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCA		17497		0.12203768123523308		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		17063		0.11901062781715623		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		16893		0.11782491564878508		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		16741		0.11676474947471208		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		16549		0.11542559220219879		No Hit

		CTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGT		16496		0.11505592899676545		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		15996		0.11156854026626213		No Hit

		GCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAACC		15855		0.1105850966442602		No Hit

		TTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTC		15647		0.10913434293237081		No Hit

		ATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATC		15637		0.10906459515776074		No Hit

		TTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATA		15040		0.10490065301353979		No Hit

		GCAAGTATCTGTAGGCCATGTTTTGTCGTAATATAATTATCAGGCATAAT		14932		0.10414737704775108		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		21080		0.0		40.385914		1

		CGGGTCC		320		0.0		32.929417		2

		CGCAACG		13930		0.0		30.557613		1

		AAGCCGA		7500		0.0		29.623812		44

		GACTCCG		440		0.0		29.4369		3

		CCGTGTC		29460		0.0		28.979969		2

		CCTATCT		1400		0.0		26.970758		3

		CTATCTA		1535		0.0		25.599848		4

		GAAGCCG		8765		0.0		25.46658		43

		TCCTATG		330		0.0		25.279146		2

		CGAAGCC		8890		0.0		25.240456		42

		TACGTGA		3145		0.0		24.948654		39

		GCGACTC		575		0.0		24.05279		1

		TCCTATC		1730		0.0		23.983273		2

		CCTATGC		340		0.0		23.889967		3

		CCGGGTC		465		0.0		23.605316		1

		ACTCTAG		365		0.0		23.456978		15

		CGTGTCC		36550		0.0		23.442501		3

		TGACGTC		6245		0.0		23.34148		2

		GGAGTCC		555		0.0		23.02162		35
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Differential gene expression analysis with edgeR


Up to this point we have done several things: trimmed, aligned, QC’d the alignment, and counted reads that mapped to each gene. Now, we will finally move to the step where we will analyze the differential gene expression between the untreated and treated L. reuteri samples!


To do this, we have chosen to utilize an analysis package written in the R programming language called edgeR [http://bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf]. edgeR stands for differential expression analysis of digital gene expression data in R. This is a fantastic tool that is actively maintained (as seen by the date of the most recent user guide update) and fairly easy to use. Several diagnostic plots are produced throughout the analysis that provide meaningful information as to whether we can even perform differential gene expression between samples and if there are batch effects we have to deal with.


RNA-seq data does not typically assume a normal (Gaussian) distribution, so to glean which genes are changing in a statistically significant manner, we have to model the data slightly differently. EdgeR implements what is called a negative binomial distribution [http://en.wikipedia.org/wiki/Negative_binomial_distribution#Related_distributions], sometimes referred to as a gamma-Poisson model. If you really enjoy statistics and would like to dig into the mathematical underpinnings of this software, see the references at the bottom of this page. If you are less interested in understanding the math behind all of this, here is the short summary: we need to examine the data to make sure they separate enough between treatments to determine differential gene expression and we always use a false-discovery rate correction to determine significance (even then, it’s worth looking at the fold-change differences to decide if it is “real”; though this is slightly more arbitrary).


Let’s get going!


We are going to do things in several steps today, with the goal being to be able to copy and paste as much of the code as we can.



		Download and install edgeR


		Read in the data to RStudio


		Group the data together


		Filter out low counts


		Regroup and normalize the libraries


		See how samples separate by treatment


		Differential expression calculations


		Plot the results






Download and install edgeR


The first step is to open RStudio and download/install edgeR from the Bioconductor repository.



		To install packages from Bioconductor, click next to the > cursor. Type source(“http://bioconductor.org/biocLite.R”) and hit Enter/Return.





[image: BiocLite installer]

		Then type biocLite(“edgeR”) and hit Enter/Return. RStudio should also install all the necessary dependencies as well.






Note


If RStudio asks “Update all/some/none? [a/s/n]:”, type a and then hit Enter/Return to update all of the outdated packages. It’s best to work with the most recent version of everything.







Read in the data to RStudio


The next step is to read in the data to RStudio.



		We are going to download the data from this site, as I’ve collated the data together for you from the HPCC. Please download all of the control samples and pick a treatment, and download all of those files to your desktop.




		LB controls


		LRWT1map.sam


		LRWT2map.sam


		LRWT3map.sam


		LRWT4map.sam


		Indole treated


		LRindole1map.sam


		LRindole2map.sam


		LRindole3map.sam


		LRindole4map.sam


		LRindole5map.sam


		LRindole6map.sam


		Commensal E.coli conditioned medium treated


		LRcomm1map.sam


		LRcomm2map.sam


		LRcomm3map.sam


		LRcomm4map.sam


		LRcomm5map.sam


		LRcomm6map.sam


		LRcomm7map.sam


		EHEC conditioned medium treated


		LRehec1map.sam


		LRehec2map.sam


		LRehec3map.sam


		LRehec4map.sam


		LRehec5map.sam


		LRehec6map.sam


		LRehec7map.sam












		Now, we need to read the files into RStudio. To do this we need to create a variable for each file. I will give an example for each treatment that you should be able to copy and paste into RStudio.




		For LB control: wt1 = read.table(“~/Desktop/LRWT1map.sam”, row.names=1)


		For indole treated: in1 = read.table(“~/Desktop/LRindole1map.sam”, row.names=1)


		For E. coli commensal medium treated: co1 = read.table(“~/Desktop/LRcomm1map.sam”, row.names=1)


		For EHEC medium treated: eh1 = read.table(“~/Desktop/LRehec1map.sam”, row.names=1)












		Repeat each of these commands for the respective treatment, making sure to change the variable name (e.g. wt1, in1, co1, eh1) each time (e.g. wt2 for LRWT2map.sam).





		Now we need to rename the sample column names. To do this, I will give an example for each treatment that you should be able to copy and paste into RStudio.




		For LB control: colnames(wt1) <- ‘wt1’


		For indole treated: colnames(in1) <- ‘in1’


		For E. coli commensal medium treated: colnames(co1) <- ‘co1’


		For EHEC medium treated: colnames(eh1) <- ‘eh1’












		Repeat each of these commands for the respective treatment, making sure to change the variable name (e.g. wt1, in1, co1, eh1) each time (e.g. wt2 for LRWT2map.sam) and the new name (e.g. wt2).











Group the data together


So that we don’t have to work on each sample individually, we will put them all into a single variable.



Note


It is important that you put all of the same treatment type together in consecutive order (e.g. 1-7).





Note


It is important that you put the control treatment (LB) as the first set of samples for our purposes. Otherwise, it’s simply important that you know what are your controls and treatments.





		To do this, copy and paste one of the following depending on which treatments you are comparing.




		For LB vs Indole: wtvin <- cbind(wt1, wt2, wt3, wt4, in1, in2, in3, in4, in5, in6)


		For LB vs Commensal conditioned medium: wtvco <- cbind(wt1, wt2, wt3, wt4, co1, co2, co3, co4, co5, co6, co7)


		For LB vs EHEC conditioned medium: wtveh <- cbind(wt1, wt2, wt3, wt4, eh1, eh2, eh3, eh4, eh5, eh6, eh7)












		After you’ve copy and pasted this in, hit Enter/Return.





		Now, let’s group them by factor. Copy and paste the appropriate command based on what you are comparing.




		For LB vs Indole: group <- factor(c(1,1,1,1,2,2,2,2,2,2))


		For LB vs Commensal conditioned medium: group <- factor(c(1,1,1,1,2,2,2,2,2,2,2))


		For LB vs EHEC conditioned medium: group <- factor(c(1,1,1,1,2,2,2,2,2,2,2))
















Note


This step simply allows us to separate each treatment from each other (i.e. control vs. treatment).







Filter out low counts


It is important to filter out genes that have low read counts associated with them. This is because they will ultimately lead to a skewing of the data in subsequent steps of the analysis.



		We will generate an edgeR data structure called a DGEList. This will create the scaffold with which edgeR can access the data and do differential gene expression. Copy and paste the appropriate command for what you are comparing and then hit Enter/Return.




		For LB vs Indole: y <- DGEList(counts=wtvin, group=group)


		For LB vs Commensal conditioned medium: y <- DGEList(counts=wtvco, group=group)


		For LB vs EHEC conditioned medium: y <- DGEList(counts=wtveh, group=group)












		Now we will filter out genes that have counts greater than 2 CPM (counts per million reads mapped) in at least four samples.




		Type: keep <- rowSums(cpm(y)>2) >= 4
















Note


We may come back and refine this number when we have a look at our final scatter plot of the data.





		We will apply this filter we just made to our data set.




		Type: y <- y[keep,]


















Regroup and normalize the libraries


For this next set of steps, we will regroup our data now that we have applied this filter and normalize everything based on effective library size to prevent sequencing depth and library size from skewing the data.



		To regroup the data:




		Type: y$samples$lib.size <- colSums(y$counts)












		Now let’s normalize the data:




		Type: y <- calcNormFactors(y)












		We can view what the scaling factor is by typing:




		Type: y$samples


















See how samples separate by treatment


This is a very critical step. The results of this plot will let us know if we can proceed with differential gene expression. It will tell us whether our controls are separate enough from the treatment and if we have to deal with a batch effect.


Building the plot is easy at this point:




		Type: plotMDS(y)












Differential expression calculations


Now, assuming everything has passed the MDS plot. Let’s move on to the differentially expressed genes.



		Let’s estimate the dispersion (variance):




		Type: y <- estimateCommonDisp(y, verbose=TRUE)


		Type: y <- estimateTagwiseDisp(y)
















Note


An average BCV (biological coefficient of variation) for isogenic organisms in a lab setting (like what we are doing here) should be about 10-15%





		We can plot the dispersion:




		Type: plotBCV(y)
















Note


The results of this plot will give us an idea about the variances across all genes that are lowly expressed all the way to highly expressed. Normally, the more lowly expressed genes will have larger variation compared to the more highly expressed genes.





		Now we can do the actual differential gene expression statistical test. In this case, we are going to use the exact test:




		Type: res <- exactTest(y)












		To perform the FDR (false discovery rate) p-value correction:




		Type: fdr <- p.adjust(res$table$PValue, method=”BH”)












		To extend our observations and compare consistency across samples within treatment, let’s grab the CPM values per gene:




		Type: cpmres <- cpm(y)[rownames(res),]












		To quickly view how many genes are moving up and down:




		Type: summary(de <- decideTestsDGE(res))












		Let’s export everything to the desktop:




		Type: write.csv(cpmres, file=’~/Desktop/cpmresults.csv’)


		Type: write.csv(res$table, file=’~/Desktop/DEresults.csv’)


		Type: write.csv(fdr, file=’~/Desktop/fdrcorrection.csv’)
















Note


Change the ‘cpmresults.csv’ file name to something more meaningful related to your sample comparison.





Note


Change the ‘DEresults.csv’ file name to something more meaningful related to your sample comparison.





Note


Change the ‘fdrcorrection.csv’ file name to something more meaningful related to your sample comparison.







Plot the results


Finally, let’s look at a scatter plot where the red dots correspond to differentially expressed genes. The blue lines will indicate two-fold differential expression.


To generate the plot:




		Type: detags <- rownames(y)[as.logical(de)]


		Type: plotSmear(res, de.tags=detags)


		Type: abline(h=c(-1,1), col=’blue’)









Now marvel at your beautiful plot! Show your neighbor and be proud, you’ve navigated RNA-seq analysis successfully!


The final steps will be to take the three files you exported and put them together into a single Excel file, filter for genes with an adjusted p-value(FDR) < 0.05, and then filter genes that have two-fold differential expression (the logFC stands for logFoldChange, where it is log base 2; up two-fold is logFC=1, down two-fold is logFC=-1).
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Install software and make sure everyone is on the same page


Before moving forward to mapping reads to the genome, it is necessary to QC the reads and remove low quality reads and adapter sequences. Further we need the ability to perform differential gene expression between conditions. We have chosen to do this through several software packages. Below are some instructions on how to install them.



Software to install:



		Trimmomatic


		FastQC


		R


		RStudio


		Qualimap








Trimmomatic


Trimmomatic is a commonly utilized tool for QC/trimming short reads and has been implemented in RNA-seq approaches in the literature and is the go to tool at the MSU sequencing facility (RTSF).



		Trimmomatic can be downloaded from here [http://www.usadellab.org/cms/index.php?page=trimmomatic].


		Scroll down the page (which you can read at your leisure later if you are interested) to where it says “Download Trimmomatic”


		Click on the link that says “binary”





[image: image showing area where to download the binary file for Trimmomatic]

		The file will end up in your downloads folder and will likely need to be unzipped as it is compressed. This can typically be accomplished just by double clicking on the file itself in your downloads folder.


		Once this is done, move the folder to your desktop.






Note


Trimmomatic runs on Java. Go here [http://www.java.com/en/] and click on “Download” and download/install the latest version of Java for your computer. Trimmomatic will not run unless you have Java installed.





		Open the Trimmomatic folder on your desktop and navigate to the folder called adapters.


		Drag and drop the file TruSeq3-SE.fa out of the adapters subfolder and into the main Trimmomatic folder. The list of files in the main folder will like be: an adapters folder, LICENSE, trimmomatic-0.32.jar, and TruSeq3-SE.fa.


		You should be all set for installing this software!








FastQC


FastQC is an application that can be utilized to assess sequence data. It’s worth looking at the reads after trimming/before aligning to the genome.



		FastQC can be downloaded here [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/].





[image: image showing area where to download FastQC]
[image: image showing area where to download either Windows or Mac FastQC files]

		The software is well documented and quite powerful. Every statistic/assessment that it draws can be found in the FastQC documentation [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/]. Further, you can watch a tutorial video [https://www.youtube.com/watch?v=bz93ReOv87Y] and view examples of good Illumina data [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc.html] and bad Illumina data [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/bad_sequence_fastqc.html].


		The file will end up in your downloads folder. If you are a Windows user, double click on the run_fastqc bat file. If you are a Mac user, double click on the fastqc_vX.XX.X.dmg file to run the application.






Note


FastQC runs on Java. Go here [http://www.java.com/en/] and click on “Download” and download/install the latest version of Java for your computer. FastQC will not run unless you have Java installed.





		Please attempt to open the software to make sure that everything will at least open and run.


		Congratulations! You’ve installed another piece of software for this module.








R


In order to do differential gene expression to compare treatments and identify what is changing at the transcript level, we need to install the statistical programming language R and a really neat interface to work in R called RStudio.



		R can be downloaded from here [http://cran.mtu.edu/].


		Click on the appropriate link for your operating system (Linux, Mac OS X, or Windows).





[image: image showing the list of platforms that R can be downloaded/installed for]

		Then, click on the latest version of the software. This will initiate the download. Windows users unless you know you already have R installed, click on the install R for the first time link (see below). Mac users you have two options based on what flavor of OS X you have. If you are not sure what version you have, look at the screen shots below.





Windows users:


[image: R for Windows]
Mac users (to determine OS X version):


[image: About this Mac navigation]
[image: Version of Mac OS X]
Mac users (version of R to download):


[image: R for Mac based on OS X version]

		After the download finishes, double-click on the file and follow the instructions to install the software.


		Congratulations! You’ve installed yet another piece of software for this module.








RStudio


RStudio is a fantastic interface to work in R. R does have a graphical user interface (GUI) that you can download and use, however I find RStudio much more intuitive/easier to use.



		RStudio can be downloaded here [http://www.rstudio.com/products/RStudio/#Desk].


		We want to download and install the open-source version of RStudio for the desktop.





[image: RStudio for desktop download button]

		Double click the file after the software has finished downloading and follow the instructions to install the software.


		That’s it!








Qualimap


The last piece of software that is nice to have is a software suite that works with Java and R to generate PDF documents summarizing the data post-alignment to the genome.



		Qualimap can be downloaded here [http://qualimap.bioinfo.cipf.es/].


		Click on the .zip file (as seen below)





[image: Qualimap download]

		The file will end up in your downloads folder and will likely need to be unzipped as it is compressed. This can typically be accomplished just by double clicking on the file itself in your downloads folder.


		Once this is done, move the folder to your desktop.


		Before we can run this software suite, we will need to install a few packages in R: optparse (from CRAN), NOISeq, Repitools, Rsamtools, GenomicFeatures, rtracklayer (all available from Bioconductor).


		To do this, open RStudio, and click on the packages tab and then the Install button.





[image: Install new packages in RStudio]

		Type optparse into the Packages (separate multiple with space or comma): field. Then click Install. RStudio should do the rest.


		To install the packages from Bioconductor, click next to the > cursor. Type source(“http://bioconductor.org/biocLite.R”) and hit Enter/Return.





[image: BiocLite installer]

		Then type biocLite(“NOISeq”) and hit Enter/Return. Repeat for Repitools, Rsamtools, GenomicFeatures, and rtracklayer.


		That’s all the software we need to install for now!
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FastQC Report
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Kmer Content
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Basic Statistics

		Measure		Value

		Filename		trimmedLRehec4.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		19068866

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Per base sequence quality

[image: Per base quality graph]
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Per tile sequence quality
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Per sequence quality scores
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Per base sequence content
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Per sequence GC content

[image: Per sequence GC content graph]
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Per base N content

[image: N content graph]




[image: [WARN]]

Sequence Length Distribution
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Sequence Duplication Levels

[image: Duplication level graph]
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		170883		0.896136141498923		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		167790		0.8799159845163316		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		150452		0.7889929060280774		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		135465		0.7103988249746996		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		113449		0.5949436112247053		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		92823		0.48677776643875936		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		80102		0.42006693004188084		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		78852		0.413511742124571		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		74895		0.39276063925353505		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		67432		0.3536235453120285		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		59243		0.31067919822814843		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		58333		0.3059070214243469		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		57282		0.30039541942347275		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		56980		0.29881168602265074		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		54527		0.28594778525372194		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		53418		0.2801320225334847		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		47363		0.24837869226203593		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		46805		0.2454524563757488		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		45163		0.23684156152757063		No Hit

		CGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAAC		44572		0.23374226868026654		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		43852		0.2299664804398961		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		41789		0.21914779830116798		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		39239		0.20577521494985598		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		37704		0.1977254441873995		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		37544		0.19688638013398385		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		37065		0.19437443212407074		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		35812		0.18780351175575935		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		35649		0.18694871525134216		No Hit

		TTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGT		35521		0.18627746400860962		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		33887		0.17770852236310225		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		33581		0.1761038123609448		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		31476		0.16506487590819507		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		31459		0.16497572535251964		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		31110		0.16314551688600676		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		30515		0.1600252474373673		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		29847		0.1565221550143569		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		29654		0.15551003399992427		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		29409		0.15422521716813153		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		29400		0.1541780198151269		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		29111		0.1526624603686449		No Hit

		TGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTT		27018		0.14168645371990132		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		26165		0.13721319348512911		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		25970		0.1361905841700288		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		25393		0.13316470942739855		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		24937		0.13077337687516397		No Hit

		GCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTTCACTAACC		24190		0.12685599657577962		No Hit

		GTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTC		23680		0.1241814799055172		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		23672		0.12413952670284642		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		23608		0.12380390108148015		No Hit

		CGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGT		22211		0.11647782306509469		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		21179		0.1110658599205637		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		20418		0.10707506151650548		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		20128		0.10555425791968961		No Hit

		GTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAATGGTGCCCCGC		19934		0.10453689275492313		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		19917		0.10444774219924773		No Hit

		TTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTC		19102		0.1001737596771617		No Hit




[image: [OK]]

Adapter Content
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Kmer Content
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		19260		0.0		40.202003		1

		AAGCCGA		13875		0.0		31.59978		44

		CGCAACG		16975		0.0		31.116041		1

		CCGTGTC		27015		0.0		28.73464		2

		GAAGCCG		15850		0.0		27.962477		43

		CGAAGCC		15930		0.0		27.818691		42

		TGACGTC		7370		0.0		26.004305		2

		ATCTAGG		410		0.0		25.165903		1

		GACTCCG		535		0.0		25.030724		3

		CCTATGC		275		0.0		24.747217		3

		GTGGGTT		15280		0.0		24.10833		1

		CCGCGTT		26620		0.0		23.619106		1

		ACGTCCC		8150		0.0		23.51549		4

		TCTAGGT		445		0.0		23.186562		2

		CGTGTCC		33880		0.0		23.054724		3

		TACGTGA		4050		0.0		23.030468		39

		ACTCTAG		515		0.0		23.019228		15

		GTGTCCA		34395		0.0		22.741434		4

		CGGGTCC		340		0.0		22.598919		2

		CTATCTA		1985		0.0		22.56145		4





Produced by FastQC  (version 0.11.2)
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RNA-seq background information, basic Linux/Unix commands, logging into and transferring files to the HPCC, and Trimmomatic


Let’s start with downloading the data! This is going to take a long time, so we should start here. We will need to navigate to the FTP server [ftp://username:password@titan.bch.msu.edu]. I would recommend plugging into the ethernet and make sure you have at least 10 GB of space on your computer. Initiate the download by right clicking on a sample and clicking on “Save As”. Save this file to your Desktop. Eventually we are going to rename this file after we have a refresher on basic Linux/Unix commands.


Before we dig into the data and begin trimming and aligning the reads to the genome, I think it is useful to understand what happens after you submit your RNA to the sequencing facility. This sort of knowledge can be very useful in understanding what could potentially provide bias and any number of issues to the end dataset. In this session we will cover several things including:



		RNA-seq background information


		Basic Linux/Unix commands


		Logging into and transferring files to and from the MSU HPCC


		Trimmomatic






RNA-seq background information


Before we begin, let’s watch a video about how Illumina sequencing works [https://www.youtube.com/watch?v=womKfikWlxM].


This video does a pretty good job explaining how, in generalities the sequencing process works for DNA. So for sequencing RNA, the process is as follows:


[image: RNAseq workflow]
Adapted from: Zhernakova et al., PLoS Genetics 2013


So actually, we aren’t sequencing RNA at all! We are sequencing the cDNA made from the RNA. RNA-seq is a high resolution next generation sequencing (NGS) method to assess the transcriptome of an organism and compare transcriptional changes between organisms/treatments to ascertain specific pathways/genes that are moving in response. But now, let’s talk about what can add bias to the data and what we do with the data to make sure that it is reasonable to proceed to further analysis steps.


But first, let’s brainstorm a little bit. Look back at the RNA-seq workflow figure above and let’s suggest a few places where things could potentially affect the output dataset.


Here are a few thoughts...




		How could the random priming step affect downstream results?


		How could RNA secondary structures affect the library preparation process?


		Would GC content be a problem?


		Could gene length cause issues?


		What might happen if you have genes with substantially different expression levels?


		During the cluster generation on the Illumina flow cell, what might happen if you have too few clusters? Too many?


		How is it possible to sequence many samples at one time?


		What if you run out of reagents from one kit and have to open another kit to finish the library preparation process?


		Could sequencing depth be an issue?









So now that you may be questioning the validity of any RNA-seq dataset, take heart! Many very smart people have thought about these issues and come up with ways to assess technical artifacts and correct for them. So again, let’s brainstorm some potential solutions to these problems. Which problems can be addressed through better chemistries/processes vs. mathematical/computational correction?


These sorts of issues should always be considered, but recognize that RNA-seq is becoming fairly commonplace and solutions to many of these questions exist. Be critical of your data and always look at the raw data.


Multiplexing the sequencing process by pooling several samples together is not only cheaper, it can overcome what are known as batch effects. Batch effects are when you have samples that correlate with one another based on batch/time/etc. instead of biological replication. This is a very real phenomenon and can be caused by using different lots of the same kit/flow cells when preparing samples! You can correct for this, but we will get there later... For now, have a look at the diagram showing how multiplexing is achieved.


[image: Multiplexing samples diagram]
From: http://www.illumina.com/content/dam/illumina-marketing/documents/products/sequencing_introduction_microbiology.pdf


This is an example of what a batch effect looks like. Note how DMSO1 and ETZ1 group together and DMSO2 and ETZ2 group together (e.g. by batch).


[image: Batch effect example]
We can determine what is considered a “good” base call from a “bad” one through using what is known as the Phred scoring system or Q-score.


Where Q is defined as a property that is logarithmically related to the base call error probability:



[image: Q = -10 \log_{10} P\ |\ error\ probability = P^2]



So this means:


[image: Phred scoring table]
From: http://res.illumina.com/documents/products/technotes/technote_q-scores.pdf


Illumina tends to output sequence results with a Q > 30. So let’s have a look at what some raw data looks like in terms of Q-scores before and after trimming adapters and low quality reads.


[image: Raw vs trimmed alignment]
This is why we do the trimming before attempting to align the reads to the reference genome. Since we are using FastQC, let’s have a look at some sample data of what good Illumina data looks like [http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc.html].


So, we have come to the end of the background section. Even with all of the great tools and chemistries that have been developed to handle RNA-seq datasets, the old mantra still applies: garbage in; garbage out and with great power comes great responsibility. Take care in analyzing these sorts of data as they typically influence many downstream experiments.


Questions!





Basic Linux/Unix commands


To refresh your memory on some basic Linux/Unix commands, we will cover the basic commands necessary to:


1. Move through folders


2. List the contents of a folder


3. Make new folders


4. Rename files/folders


5. Delete files/folders


6. Load modules on the MSU HPCC










		 
		Command
		What it does...
		Examples





		1.
		cd
		Change directory/folder
		> cd ~ (this changes to your home directory); > cd .. (this goes back one folder)



		2.
		ls
		List the contents of a folder
		> ls



		3.
		mkdir
		Make a new directory/folder
		> mkdir NewFolder (this will make a new folder called ‘NewFolder’ in your current directory)



		4.
		mv
		Rename or move a file from one name to another
		> mv file1 file2 (this will rename/move file1 to file2)



		5.
		rm
		Remove a file (add the -r flag to remove a folder)
		> rm file1 (remove file1); > rm -r folder1 (remove folder1)



		6.
		module load
		Load a module on the MSU HPCC
		> module load Bowtie (loads the most recent version of Bowtie on the HPCC)







Command reference sheet


[image: Linux/Unix command list]
Ref. sheet from: http://files.fosswire.com/2007/08/fwunixref.pdf


Let’s rename the data file you just downloaded! First, we need to initiate a naming convention for the data. Having a consistent and meaningful naming convention for your data will make it much easier for you and anyone else attempting to work with your data.


We have four conditions:



		L. reuteri grown in LB


		L. reuteri grown in the presence of indole


		L. reuteri grown in the presence of commensal E. coli conditioned medium


		L. reuteri grown in the presence of EHEC conditioned medium





For L. reuteri grown in LB, we will name our raw data files as LRWT1.fastq.gz, LRWT2.fastq.gz, etc.


For L. reuteri grown in the presence of indole, we will name our raw data files as LRindole1.fastq.gz, LRindole2.fastq.gz, etc.


For L. reuteri grown in the presence of commensal E. coli conditioned medium, we will name our raw data files as LRcomm1.fastq.gz, LRcomm2.fastq.gz, etc.


For L. reuteri grown in the presence of EHEC conditioned medium, we will name our raw data files as LRehec1.fastq.gz, LRehec2.fastq.gz, etc.





Logging into and transferring files to the MSU HPCC


There are multiple ways with which you can access the HPCC and transfer files to the iCER machines. This overview will be from a GUI standpoint. If you would like to get fancy and learn the Linux/Unix commands, you can access the examples on the HPCC wiki here [https://wiki.hpcc.msu.edu/display/hpccdocs/Transferring+Files+to+the+HPCC]. Any other questions you may have not detailed here (which is a lot...) on how to use the HPCC more effectively, you can check out the user manual here [https://wiki.hpcc.msu.edu/display/hpccdocs/HPCC+Basics]. There are even videos of examples on how to use various software packages.


Mac users:


1. Open the terminal by going to Finder -> Applications -> Utilities -> Terminal (might just be worth dragging it onto your dock).


[image: Navigate to terminal on a Mac]
2. Type: ssh YourMSUNetID@hpcc.msu.edu


3. You will then be prompted for your MSU NetID password. As you begin to type, the cursor will not show that you are entering characters, but you are. Hit the Enter/Return key at the end and you will be logged in. If this is the first time accessing the HPCC, it will send you a warning about not recognizing the RSA fingerprint. Type yes or y or whatever it needs to continue. It is okay, and necessary, to say you trust iCER to use the HPCC at MSU. If you are uncomfortable with any of this, utilize a lab or MSU computer.


4. As an example of Step 3., for me it would be > ssh john3434@hpcc.msu.edu.


5. Once you are logged in, it should look something like this:


[image: HPCC log in screen]
6. Congratulations! You’ve logged in. Let’s make a new folder here in anticipation of putting the data into it. Let’s call it RNAseq. Please don’t add any spaces. If you aren’t sure how to make a new folder, scroll up a bit to the Basic Linux/Unix commands.


7. To log out, type: exit.


Windows users:


1. I am going to take the easy way out and here [https://wiki.hpcc.msu.edu/display/hpccdocs/Video+Tutorial+-+Putty] is a video on how to install an ssh client on Windows.


2. Congratulations! You’ve logged in. Let’s make a new folder here in anticipation of putting the data into it. Let’s call it RNAseq. Please don’t add any spaces. If you aren’t sure how to make a new folder, scroll up a bit to the Basic Linux/Unix commands.


3. To log out, type: exit.


Transferring files from your machine to the HPCC using FileZilla


1. If you haven’t already downloaded and installed FileZilla [https://filezilla-project.org/], please do so. We want to download the FileZilla Client and not the server version.


2. Open the application and then we will need to input a few things to get connected to the MSU HPCC.




		Host: hpcc.msu.edu


		Username: Your MSU NetID


		Password: Your MSU NetID password


		Port: 22


		Click Quickconnect









3. Now that you are connected, you can move files from your computer (red circle) to the MSU HPCC (green circle) and vice versa, simply by double clicking the file. The connection closes if you exit out of the application.


[image: Transfer files from local host to HPCC with FileZilla]



Trimmomatic


Trimmomatic is a lightweight java application that can remove Illumina adapter sequences and low quality reads. It uses a sliding window to analyze chunks of each read, examining the quality score, minimum read length, if it corresponds to an adapter sequence, etc. Let’s have a look at the documentation [http://www.usadellab.org/cms/index.php?page=trimmomatic] to see what each option does.


To run this application, you have to run it from the command line (e.g. the terminal). If you are a Windows user, you might find it easier to use the Powershell instead of the default command line. To see if you have Powershell, search your computer for it. It recognizes most of the commands listed above whereas the normal Windows terminal does not.


1. Navigate to your desktop by typing: cd ~/Desktop and hit the Enter/Return key. This should bring you to your desktop directory.


2. Type: ls to list the contents of your Desktop directory. Check and make sure that you have your raw data file (that has since been renamed) and the Trimmomatic directory that we put there previously.


3. Navigate to the Trimmomatic directory by typing: cd Trimmomatic and then hit the Tab key. This should auto-complete the name of the directory for you. Tab auto-complete is fantastic for filling in the name of a file for you if you don’t remember the exact name. Pretty neat, huh?!


4. Now, let’s make sure you have Java installed. Type: java and hit Enter/Return. The result should be a list of commands trying to help you use Java. If you get an error, let me know.


5. At this point, let’s try and trim your data file.


6. Copy and paste this into your terminal: java -jar ~/Desktop/Trimmomatic-0.32/trimmomatic-0.32.jar SE -phred33 ~/Desktop/NameOfSample.fastq.gz ~/Desktop/NewFileNameForTrimmedSample.fastq ILLUMINACLIP:TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36



Note


Read through this command and change the portions that say NameOfSample.fastq.gz and NewFileNameForTrimmedSample.fastq. DO NOT ADD SPACES IN YOUR FILE NAMES




To continue our naming convention please name the NewFileNameForTrimmedSample.fastq as the following:


For L. reuteri grown in LB, we will name our raw data files as trimmedLRWT1.fastq, trimmedLRWT2.fastq, etc.


For L. reuteri grown in the presence of indole, we will name our raw data files as trimmedLRindole1.fastq, trimmedLRindole2.fastq, etc.


For L. reuteri grown in the presence of commensal E. coli conditioned medium, we will name our raw data files as trimmedLRcomm1.fastq, trimmedLRcomm2.fastq, etc.


For L. reuteri grown in the presence of EHEC conditioned medium, we will name our raw data files as trimmedLRehec1.fastq, trimmedLRehec2.fastq, etc.


Adding the word trimmed in front of the filename is important for the alignment steps done in Bowtie.


7. After you’ve added the appropriate file names into the command, hit Enter/Return. It will run for a little while and then produce some output like this:


TrimmomaticSE: Started with arguments: -phred33 /Volumes/Abramovitch Lab/RNAseq/Jake/1Gly7A_CGATGT_L008_R1_001.fastq.gz /Volumes/Abramovitch Lab/RNAseq/Jake/Trimmomatic/1Gly7Atrimmed.fq.gz ILLUMINACLIP:TruSeq3-SE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
Using Long Clipping Sequence: ‘AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTA’
Using Long Clipping Sequence: ‘AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC’
ILLUMINACLIP: Using 0 prefix pairs, 2 forward/reverse sequences, 0 forward only sequences, 0 reverse only sequences
Input Reads: 29294470 Surviving: 28401299 (96.95%) Dropped: 893171 (3.05%)
TrimmomaticSE: Completed successfully


8. Copy this output into a text file somewhere and save it. You might want this for a report when you’re finished.


Have fun! Let me know if you have questions by placing a red sticky note on your computer.
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Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm1.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		16112294

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		156078		0.9686888781945017		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		133288		0.8272440907545505		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		128722		0.7989054817395959		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		81463		0.5055952926380315		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		80059		0.49688144965577213		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		71890		0.4461810341842074		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		62187		0.3859599384172111		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		58899		0.3655531608348259		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		54314		0.3370966294433307		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		52330		0.3247830507561493		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		46432		0.28817746250161524		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		40322		0.25025610878252347		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		39964		0.24803420295086473		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		37959		0.23559028900540172		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		37863		0.2349944706818284		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		37553		0.23307047401195635		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		36407		0.22595789277430017		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		35012		0.2172999077598758		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		34359		0.21324710187140328		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		33462		0.20767992441051536		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		32292		0.20041838859196584		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		31398		0.19486983045368958		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		30196		0.18740968852728235		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		28817		0.17885100656678685		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		28785		0.17865240045892905		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		27818		0.17265077213710225		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		26752		0.16603470616909052		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		25130		0.1559678590770501		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		23899		0.14832773036539676		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		23219		0.14410735057341928		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		23167		0.14378461564815043		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		22194		0.1377457486811003		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		22136		0.13738577511060807		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		22097		0.13714372391665644		No Hit

		GTTTTCGCGAGCAGCTTCAGCCAAAGCTTGAACACGTCCATGGTAAAGGT		22051		0.1368582276366109		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		21139		0.13119795356266464		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		20624		0.12800163651432875		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		20551		0.1275485663307782		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		20292		0.12594109814530446		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		19760		0.12263927160216914		No Hit

		AATCACTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTAC		19125		0.11869818164936663		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		18800		0.1166810883664362		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		18698		0.11604803139763958		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		17620		0.10935748813918117		No Hit

		GTTCAATTCGTTGATGTCAGCAGTTAAAACAGCAACTTGAACTTGAGTAG		17614		0.10932024949395784		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		17600		0.10923335932177007		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		17346		0.10765692334064907		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		17099		0.10612393244562196		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		16675		0.10349240151650659		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		16505		0.10243730656851222		No Hit

		GTCACCATAAAATGGTGCCCCGCCTTATTTTTTCAGCGAGCACAAACACT		16438		0.10202147503018504		No Hit

		CAGATTTGAAATTTGACTAGCTCCGCGGAAATTACCGCCACATCCTGTGG		16416		0.10188493333103282		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		14945		0.0		40.389095		1

		CGCAACG		11410		0.0		29.355957		1

		AAGCCGA		6570		0.0		29.180717		44

		GACTCCG		855		0.0		27.98258		3

		CCGTGTC		21665		0.0		27.962612		2

		GAAGCCG		7145		0.0		27.297354		43

		TACGTGA		3440		0.0		27.127365		39

		CGAAGCC		7220		0.0		26.99523		42

		CCTATCT		2015		0.0		26.906008		3

		CTATCTA		2105		0.0		26.381275		4

		GGAGTCC		425		0.0		25.40503		35

		TGACGTC		9405		0.0		25.252003		2

		TCCTATC		2440		0.0		25.09815		2

		CCTATGC		265		0.0		24.848646		3

		TCCTATG		260		0.0		24.482288		2

		CGTCCGG		9400		0.0		24.417435		44

		GCGACTC		1055		0.0		24.1342		1

		CGCTAGG		265		0.0		24.020357		9

		CACACGT		1835		0.0		23.894642		44

		ACGTCCC		10175		0.0		23.254751		4
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Basic Statistics

		Measure		Value

		Filename		trimmedLRLB1.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		14191378

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		41
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		80038		0.5639903327217414		No Hit

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		65566		0.46201292080303974		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		41841		0.2948339477674402		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		41544		0.29274112774672056		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		40864		0.28794948594843994		No Hit

		GTGCAATTCAGCAGTATGAGTACCACCACCATAAGGAGTCCGAATGGTAA		35268		0.24851709256141302		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		35195		0.24800269572130348		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		33446		0.23567831115484345		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		30490		0.21484876239643536		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		27820		0.19603452180612765		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		24926		0.17564185803520982		No Hit

		AGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTTTACCATGGG		24463		0.17237931369314521		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		23533		0.16582603888079087		No Hit

		GCCAAGGTAAGTTACATGAGCACCTTCATCCTTAGCACCAACTTCAAAAG		22468		0.15832148224083664		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		22339		0.15741247960557458		No Hit

		GTTCTATTCAGCAAGTCTACCGACGACTGGCAGATCCTTTAATACCCGTT		22104		0.15575654457234525		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		21316		0.15020387731198478		No Hit

		GTCGCTGTCAGCATCTTCAAGGTGATCTCCCCAAGTCTTTTCAAGTTCAG		21275		0.1499149694976767		No Hit

		GTGGAATGCAGGAAGACAGTGTTCAAAGAGAACATTAGGGTTTTCAGTAG		21273		0.1499008764335641		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		21174		0.1492032697599909		No Hit

		CAAGACTTCTGCGCCGTTATCACGTAATGTTTGCGCAAAAAGGTCATGTT		20778		0.14641284306569807		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		20235		0.14258657615912987		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		20074		0.14145208449806637		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		19998		0.14091654806178794		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		19689		0.13873916965639277		No Hit

		GGCGTCCTTAGCGTCAACAATTACAAGTTGGCCATCCTTCATTTCAGCAA		18399		0.1296491433037722		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		17211		0.12127786322089369		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		16697		0.11765594574395806		No Hit

		GTTATTTTCACGATAACCAAAGTAGAATTGGATAGCAGCAATTGCAATGT		16607		0.11702175785889152		No Hit

		GTGACTTTTCAAGCAAAACGTCTGTCAAGTCCTGGCCGGCCAAGTTTCCA		15525		0.10939741017398029		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		14521		0.10232269198946008		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		GTTCTAT		2840		0.0		37.869102		1

		CCCGTGT		5125		0.0		36.445423		1

		GGAGTCC		4995		0.0		32.90429		35

		GAGTCCG		5110		0.0		32.191788		36

		AGGAGTC		5265		0.0		31.31983		34

		ATCCTAC		1135		0.0		30.747301		6

		GACTCCG		665		0.0		29.704802		3

		TCTATTC		3520		0.0		28.807465		3

		GTCCGAA		5740		0.0		28.673616		38

		ACTCTAG		1250		0.0		27.743645		15

		CAGTATG		6105		0.0		27.323719		12

		CCGTGTC		6835		0.0		27.198952		2

		GTATGAG		6170		0.0		27.036058		14

		GGGTGTG		1115		0.0		26.919327		42

		AAGCCGA		7505		0.0		26.720098		44

		AGTCCGA		6365		0.0		26.318037		37

		GAAGCCG		7710		0.0		26.089796		43

		CTATTCA		4165		0.0		25.927214		4

		CGAAGCC		7775		0.0		25.793568		42

		CCTATGC		1030		0.0		25.571121		3
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Basic Statistics

		Measure		Value

		Filename		trimmedLRcomm4.fastq.gz

		File type		Conventional base calls

		Encoding		Sanger / Illumina 1.9

		Total Sequences		15289173

		Sequences flagged as poor quality		0

		Sequence length		36-50

		%GC		42
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Overrepresented sequences

		Sequence		Count		Percentage		Possible Source

		GCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCC		154239		1.0088119220051994		No Hit

		CCCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACT		117731		0.7700285685824865		No Hit

		CTTCAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTT		115893		0.758006989652089		No Hit

		GTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCG		82837		0.5418017050366295		No Hit

		CCGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTT		76991		0.5035654969696529		No Hit

		GTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTA		60450		0.3953778271722087		No Hit

		GTTTTGTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCT		58973		0.38571739622542045		No Hit

		CGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCG		56857		0.37187753713036015		No Hit

		GCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGCCGA		55106		0.36042498832343645		No Hit

		CCGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTA		54231		0.35470198420804055		No Hit

		GCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCCGG		48101		0.31460825251960983		No Hit

		GGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCA		45211		0.2957059874984736		No Hit

		CTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCACCATAAAAT		42646		0.27892940972019875		No Hit

		CAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTT		41473		0.2712573139175023		No Hit

		GCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTC		39891		0.26091012247686646		No Hit

		GTGACGTCCCCCTTCTTCCTTAGTCATAACGTAAACTTCACCCTTGAAGT		39438		0.25794724148912435		No Hit

		GTCGTAATATAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTC		36002		0.23547382189998112		No Hit

		CGTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTAT		34553		0.22599652708488552		No Hit

		CAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCCGTCAC		34305		0.224374464204179		No Hit

		CAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGAT		33811		0.22114341959502976		No Hit

		CACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCG		32937		0.21542695605576576		No Hit

		ATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTG		31796		0.20796415868928947		No Hit

		GTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAGC		31151		0.2037454870842262		No Hit

		GGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCT		30971		0.20256818338048763		No Hit

		CACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAA		29076		0.19017379161057305		No Hit

		GTTTGTGGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTT		26437		0.172913211198539		No Hit

		GGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTC		25042		0.16378910749456496		No Hit

		AAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATT		24859		0.16259218206243073		No Hit

		CGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCG		24424		0.15974703144506244		No Hit

		ATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATA		24338		0.15918454189772072		No Hit

		GCCGCATCATGGACGAACCCGGAATGGATCTACGCGCGCTACTTGTTAGG		24059		0.15735972115692587		No Hit

		GAAATACTCTCCCCTGGAATCACTTCAATTTGCTATCCAAAGCTCCCCTA		23624		0.15451457053955764		No Hit

		GTCGTCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCACTAGAGTGCC		23381		0.15292521053951055		No Hit

		CATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCC		23352		0.152735533831686		No Hit

		CTTTAATTCATCATCTTGTCCATCTGTTCCATCATTATCAGATGGGATGA		22517		0.14727415276156533		No Hit

		GGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAAG		22480		0.14703215144468573		No Hit

		GCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAGGGGTTT		22403		0.1465285270825309		No Hit

		GTAAAATTCACGTTTACGATATTCTTGCAATGTTCCGTTACGTGAAACTG		22256		0.1455670623911444		No Hit

		ATCGAGGTAATCATCTATCTCAGAGTATCGAAATACTCTCCCCTGGAATC		21278		0.13917037893416473		No Hit

		TAATTATCAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCG		20970		0.13715588148554536		No Hit

		CAATTTGCTATCCAAAGCTCCCCTACCGTAGTTTGGGTTTACCGCTTGAG		20794		0.1360047400863343		No Hit

		AACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCGACTT		20360		0.13316613004509792		No Hit

		GGGTTGCGGCCCTTACGTGCAGCACGTTGACGTACTTCGAAGTTACCGAA		20069		0.13126282239072054		No Hit

		CGCGTTCCACCAATATCGTTTCCAATATTGTATCGTCACTGTGGCACTTT		19170		0.1253828444481595		No Hit

		AGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATTTAGATTT		19014		0.12436251457158605		No Hit

		CACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGG		19004		0.12429710881026723		No Hit

		CTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTCCGTTTTTCCGCC		17742		0.11604290173183338		No Hit

		CAGGCATAATTATATCGAGGTAATCATCTATCTCAGAGTATCGAAATACT		17670		0.11557198025033795		No Hit

		CAAAAACCAATTACGATAGCACATACATTAATCCATGCGAATGTCTTTTG		17564		0.11487867918035856		No Hit

		CCGCAACGTTAGGTATGGAAGTGGAATTGTTACTTCAACCTTATACGTCC		17440		0.1140676477400053		No Hit

		CCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAGACATAGT		17286		0.11306039901569562		No Hit

		GTCACTGTGGCACTTTTCAGGAATACTAAGACATAGTTAAAACCTTAGTC		16529		0.10810918288386166		No Hit

		ATCGTTTCCAATATTGTATCGTCACTGTGGCACTTTTCAGGAATACTAAG		16460		0.10765788313076188		No Hit

		GTCACCATAAAATGGTGCCCCGCCTTATTTTTTCAGCGAGCACAAACACT		15609		0.10209185284253111		No Hit

		GTGTCCAAGCATATCGCCATTTCAATCTCTACGTTCATATCTCAACTATT		15329		0.10026049152560441		No Hit
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		Sequence		Count		PValue		Obs/Exp Max		Max Obs/Exp Position

		CCCGTGT		14010		0.0		39.30186		1

		GAGTCTC		2025		0.0		31.854956		43

		CCGAGTC		2055		0.0		30.99475		41

		AAGCCGA		8950		0.0		30.93206		44

		CGAAGCC		9125		0.0		30.91895		42

		GAAGCCG		9190		0.0		30.699812		43

		GTCGCGG		2205		0.0		29.460066		1

		CGGGTCC		305		0.0		28.781322		2

		CGCAACG		9090		0.0		28.126303		1

		CGGGAAC		3855		0.0		28.008595		1

		CACAGGG		2285		0.0		27.853022		22

		GACTCCG		465		0.0		27.84516		3

		CGAGTCT		2370		0.0		27.226265		42

		TCACAGG		2355		0.0		27.1184		21

		CCTATGC		190		0.0		26.565918		3

		TACGTGA		4005		0.0		26.511328		39

		GGGAACG		4205		0.0		25.99046		2

		GTTCTAT		685		0.0		25.630085		1

		TCCTATG		200		0.0		25.237623		2

		GGGCGCC		1700		0.0		25.0333		44
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