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Pre-processing the reads:
The alignment software used in this protocol (GSNAP) has the capacity to "soft-trim" reads during
alignment, aligning only the high quality portion of the read. However, this process is reducing the
speed of alignments significantly, so an initial QC step where adapters and low quality sequences
are removed can substantially decrease overall runtime.
For paired end reads only:
After adapter and low quality sequence trimming, some paired end reads are completely removed,
but in other cases either the forward or the reverse read is completely removed and the other side
of the paired end read is retained. Quality trimming forward and reverse read files separately can
therefore cause problems because many programs expect the forward and reverse reads should
always be both present and present in the same order in the fastq files for forward reads and reverse
reads.
We recommend using a piece of software called Trimmomatic to perform quality and adapter
trimming of paired end data. (http://www.usadellab.org/cms/?page=trimmomatic)
Example commands (modified from the Trimmomatic website)
Paired End:
java -jar /home/linux/software/Trimmomatic-0.33/trimmomatic0.33.jar PE -phred33 input_forward.fq input_reverse.fq
output_forward_paired.fq output_forward_unpaired.fq
output_reverse_paired.fq output_reverse_unpaired.fq
ILLUMINACLIP:TruSeq3-PE.fa:2:30:10 LEADING:3 TRAILING:3
SLIDINGWINDOW:4:15 MINLEN:36
#Note: To understand more about the adapter trimming, let’s go through the command line
above.
Java -jar
This is an important programming language that we need to run trimmomatic (adapter trimming
software). It is available from: https://java.com/en/download/faq/whatis_java.xml
/home/linux/software/Trimmomatic-0.33/trimmomatic-0.33.jar
This is telling Java(programming language) the pathway where Trimmomatic that was installed.

PE
This can be either PE or SE. PE means Paired-end sequence whereas SE means single end
sequence.
-phred33
This parameter can be either –phred33 or –phred64. If you do not put anything for this parameter
the default will be –phred64. To determine which parameter is suitable for your raw input.fastq
data, you have to understand some information in your input.fastq file. The image below is how a
typical fastq file looks like.

For the 1st line, it usually starts with a “@” character and a sequence identifier.
For the 2nd line, it shows the sequence of bases.
For the 3rd line, it always begin with a “+” character.
For the 4th line, it encodes the quality for the sequence of bases in 2nd line. You can see that this
line contains the same number of symbols as the letters in 2nd line. To check the phred quality
score, you can go to the following link: http://www.somewhereville.com/ and refer to the Table
1. inside the website.
For my case, I have to set my parameter to –phred33 to minimize the unwanted errors. The reason
why I am choosing –phred33 instead of choosing –phred64 is I can only find the “/” and “<”
characters in the column that is named as ( Sanger “Q + 33” ASCII GLYPH) of Table 1.
#Note: It is very very important to determine your own parameter for this section to minimize
unwanted errors in your analysis.
input_forward.fq input_reverse.fq
For paired-end sequence, you have to input your forward and reverse sequence input.fastq files.
output_forward_paired.fq output_forward_unpaired.fq
output_reverse_paired.fq output_reverse_unpaired.fq
After your two forward and reverse input.fastq files have been trimmed, they will be stored into 4
different temporary output.fastq files. Paired.fastq files will be analyzed in the further process
whereas unpaired.fastq files will not.

The above command line will perform the following actions:
Remove sequence adapters based on the sequenced stored in the TruSeq3-PE.fa file
(ILLUMINACLIP:TruSeq3-PE.fa:2:30:10)
Remove leading low quality or N bases (below quality 3) (LEADING:3)
Remove trailing low quality or N bases (below quality 3) (TRAILING:3)
Scan the read with a 4-base wide sliding window, cutting when the average quality per base drops
below 15 (SLIDINGWINDOW:4:15)
Discard reads less than 36 bases long (MINLEN:36)
Single End:
java -jar trimmomatic-0.30.jar SE -phred33 input.fq output.fq
ILLUMINACLIP:TruSeq3-SE:2:30:10 LEADING:3 TRAILING:3
SLIDINGWINDOW:4:15 MINLEN:36
Optional
For single end reads, an alternative, python based software tool called cutadapt can also be used.
(Source code: https://pypi.python.org/pypi/cutadapt ) (docuentation:
http://cutadapt.readthedocs.org/en/latest/guide.html), the basic command-line for cutadapt is:
cutadapt

-q 10 -- a

AACCGGTT

-- o

output.fastq

input.fastq

Cutadapt uses the same quality trimming algorithm as BWA. In this example command the cutoff
score is a phred value of 10, and the trimmed adapter sequence is AACCGGTT. Cutadapt can be
used to trim adapters without trimming low quality sequences, or trim low quality sequences
without trimming adapters simply by omitting the adapters.
Preparing to align:
Software needed:
The various files and scripts included in the latest version of GMAP/GSNAP
(http://researchpub. gene.com/gmap/)
Reference genome needed:
Your reference genome as a FASTA file.
Annotation file needed:
A GTF file describing the annotated genes in your reference genome.

#Note: A GTF file is _similar to_ a GFF file, but there are crucial differences. If you can't find a
GTF file, you will have to write your own script to turn a GFF file into a GTF file.
#Note: One common difference between GTF and GFF formats is how chromosomes are labeled
between your FASTA and GTF files. The same chromosome might be called “1” or “chr1” or
“Chr1” or “Chr01” in the GTF/GFF file. (Optionally) a list of known SNPs between the genotype
used to generate this RNA-seq data and the genotype used to generate the reference genome.
Building the genomic index:
After installing the binaries from GMAP/GSNAP somewhere in your path, you can build the
genomic index you'll be aligning reads against using gmap_build. Example command:
gmap_build –D ./ -d maizeV3

Zmays_284_AGPv3.hardmasked.fasta

This is telling gmap to build the index (“maizeV3”) using the sequences from the file
"Zmays_284_AGPv3.hardmasked.fasta" stored in the current directory, and saving that index in the
same current directory.
#Note: it is important to conduct this step on a computer with enough RAM or bad things will
happen.
Aligning Reads to the Reference Genome:
This is the single most computationally intensive step and can take anywhere from minutes to days
depending on read length (longer takes longer), genome size (bigger takes longer), number of
processors (fewer takes longer), and single end vs paired end (paired end takes way WAY WAY
WAY longer). By the way, you have to manage time well when your computer is processing the
step, sometimes it will slow down your computer when you want to open another software at the
same time.
Example command:
gsnap -D /home/linux/Documents/reference_genome/maize/maize/ -d
maizeV3 --nthreads=4 -B 3 –N 1 -n 2 -Q --nofails --format=sam
temp.fastq > results.sam
There's a lot of stuff here, so let's walk through it from left to right.
-D /home/linux/Documents/reference_genome/maize/maize/
This is telling gsnap which directory I store my genomic index files in.
-d maizeV3
This is telling gsnap that I want to align against an index called maizeV3.

--nthreads=4
This particular command came from currently computer I am using. Never use more threads than
your computer and processing cores.
#Note: there are two dashes preceding this command instead of just one.

-B 3
This sets how much information GSNAP will try to load into RAM (as opposed to loading from
your hard drive as it is needed). Possible settings range from 0-5 with five loading the most data
into RAM (and being the fastest) and 0 loading the least. This lets you tune GSNAP to run faster
(on high memory computers) or run at all (on computers with less ram).
If you don't enter any settings at all, GSNAP defaults to 2. If your computer doesn't have enough
RAM to successfully run your alignment at _at least_ a setting of -B 2, it's best to find another
computer, because aligning at slower settings is really slow.

-N 1
This parameter means looking for novel splicing. 0 means do not look for novel splicing. This is
based on your own preference.

-n 2
Only report reads with two or fewer “best” alignments in the genome. It's quite ok to increase this
setting, but be prepared for the side of your output file to grow substantially larger if you do (since
GSNAP has to report a separate alignment for each location a read maps to, a small number of
reads which align at many locations add up quickly).

-Q
If a read aligns equally well to more than two locations – or however many you specified with –n
above -- don't report it at all (the alternative is to report two of the 3-infinite equally good positions
at random).

--nofails
Don't write out information on reads which fail to align at all. This saves space by making the
resulting alignment file smaller.

--format=sam
Report alignments in the standardized SAM format instead of gsnap's native alignment format.

temp.fastq
The name of the file containing the sequencing reads to be aligned against the genome.

results.sam
The name of the file to store alignment data in.
Converting alignment data to a useful format:
Downloaded and installed the samtools package can be downloaded from the following link:
http://samtools.sourceforge.net/
The plus side of the SAM (Sequence alignment map) format is that it is basically human readable
– if you're one of the rare humans who has spent a long enough time looking at it to understand
what you're seeing. The explanation of SAM file can be found by googling “ Sequence
Alignment/Map Format Specification.” The downside of SAM is that the files are huge (sometimes
bigger than the raw reads file you started with) and it's not easy for a computer to find just the parts
of the file it is interested in.
So the next step is to convert SAM to sorted and (optionally) indexed BAM. BAM is the binary
version of SAM, not at all human readable, but much more compact and much easier/faster for
computer programs to access.
Example commands (these shouldn't need much explaining):
samtools view -bS results.sam > results.bam
samtools sort results.bam results-sorted
(optional)
samtools index results-sorted.bam
At the end of this process you have a sorted binary alignment file (results-sorted.bam) and – if you
indexed it – an index file that tells a computer wherein that file to look for the reads that map to a
specific part of the genome called “results-sorted.bam.bai”

Downstream analyses:
There are a bunch of different analyses which can be run on aligned sequence data depending on
where the RNA or DNA you started with came from and what you are interested in. These
analyses will require you to write your own scripts to extract and analyze data. If you use python
I highly recommend the pysam library for extracting data from .bam files
( http://code.google.com/p/pysam/ ). The only analysis which is standardized enough to describe
here is quantifying gene expression from RNA-seq.
Quantifying Gene Expression:
#Note: This analysis is ONLY for measuring gene expression using RNA-seq data. Using it for
any other purpose will lead to terribly misleading and confusing results. So just don't don't do it.
This RNA-seq analysis will be carried out using Cufflinks (available from here:
http://cufflinks.cbcb.umd.edu/ ). So this software must be downloaded and installed.
#Note: Some versions of cufflinks have weird bugs where some expressed genes are reported as
having 0 FPKM. To test a new version of cufflinks, carry out this procedure to measure gene
expression and independently measure expression using a simple read counting software package
such as HTCount. If you have many aligned reads for some genes with zero expression in the
cufflinks report you probably have a buggy version of cufflinks. The current version of cufflinks
(2.2.1) seems to be reasonably ok in my experience.
Cufflinks takes data from a sorted BAM file, and gene annotation data from a gtf file and measures
gene expression in units of FPKM (frequency per kilobase of exon per million aligned reads). You
can use the same .gtf file you used to generate your splicing file for GSNAP above.
Example command:
cufflinks -p 4 –-library-type ff-firststrand --GTF
/home/linux/gsnap_indexes/MaizeV3.gtf results-sorted.bam
-p 4
This parameter means the number of thread is used during the analysis. Number of thread is
varied for each computer.
–-library-type ff-firststrand
For single-end library, it is important to set this parameter. If not, you might see that your zero
fpkm value for fpkm_output file. However, paired-end library does not require to set this parameter
because the default setting is (fr-unstranded).
For more information about the about the library type you may refer to the following links:
http://www.nature.com/nprot/journal/v7/n3/fig_tab/nprot.2012.016_T1.html

--GTF /home/linux/gsnap_indexes/MaizeV3.gtf
This parameter means the pathway for cufflinks to access annotation file(gtf).
This will create a number of intermediate files, but the one we're interested in is called
genes.fpkm_tracking. This image below is an example of how a genes.fpkm_tracking file looks
like:

Parsing the *.fpkm_tracking file should be pretty self.explanatory. If you are not comfortable
writing parsing scripts, you can even open it in open office by selecting tabs as the delimiter
between different columns. #Note: be sure to rename this file or it will be overwritten by the next
set of results when you run cufflinks again in the same directory
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