Workshop 2 “Functional Genomics”		Krasileva, PMB200B, 2021

Pre-Workshop 2: NGS data analyses

The purpose of this tutorial is to introduce you to the NGS data, commonly used analyses and public platforms that enable NGS for wide range of researchers.

As mentioned in lecture notes, there are several widely used web-based platforms for NGS analyses (Galaxy, CyVerse, Kbase) which have most of the stable data analyses tools as well as numerous tutorials.

Galaxy:
https://galaxyproject.org

To create a Galaxy account, go to Use-> UseGalaxy (Main) or paste into your browser https://usegalaxy.org

Go to User->Create Account. 
Once you login, you will see a set of common tools on the left.

To understand what these tools are, we are going to walk through a set of tutorials. All tutorials, including those below are listed at https://training.galaxyproject.org/training-material/

Throughput the tutorials, you can use the suggested sample datasets or your dataset of interest (from your lab or from a paper). To use your own dataset, you will need to locate a genome reference of the organism as well as the data (SRA identifiers).

1. Intro to NGS: 
https://training.galaxyproject.org/training-material/topics/introduction/tutorials/galaxy-intro-ngs-data-managment/tutorial.html

	This tutorial describes what next generation reads look like, the format of the data, how to upload data, access its quality and map to a reference genome using Illumina data as an example.


2. Mapping https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/mapping/tutorial.html

This is more in-depth tutorial on read mapping and visualization. You can continue it from the first tutorial (eg no need to repeat mapping).

Prerequisites: Integrative Genome Viewer https://software.broadinstitute.org/software/igv/download


3. Notes on structural variation (there is no tutorial, sorry!)

Here is most up to date review on detecting structural variation from short and long reads:
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1828-7

Terminology:

Concordant reads: reads that align properly. They map within expected fragment size and have consistent orientation of read pairs.  
 ---->expected insert size<---

Discordant reads: reads that do not map as expected. They have either unexpected insert size, or inconsistent orientation of reads.  
 ---->unexpected insert size (larger or smaller)<---
---->insert size---->
<----insert size<----
<----insert size---->

Unfortunately, there are no tutorials on structural variation detection in Galaxy. Here are quick tips how to extract structural variants from mapped reads:

· As you have read, each read is associated with a set of flags that describe alignment quality. 

· There are two major types of read alignments that indicate a structural variant: split reads and discordant paired-end reads.

· Additional information that can be incorporated is coverage.

Different mapping programs encode this information differently, so it is important to know how the program you used encodes these.

For example, BWA encodes split reads as ‘secondary alignments’ and needs -M option to invoke this: http://bio-bwa.sourceforge.net/bwa.shtml

Because, flags are binary (to conserve space), decoding back what they mean might be challenging. Here is a converter that allows you to see: https://broadinstitute.github.io/picard/explain-flags.html

Further standalone tools for structural variation analyses:
https://github.com/dellytools/delly
https://github.com/GregoryFaust/samblaster





Since there is no streamlined tutorial for structural variation analyses that I could find, I suggest to proceed tutorials with one of the following:

4. Mapping by sequencing

https://training.galaxyproject.org/training-material/topics/variant-analysis/tutorials/mapping-by-sequencing/tutorial.html

This is a basic tutorial on mapping-by-sequencing that walks through both the theory and different analyses steps using Arabidopsis dataset.

5. RNA-seq

https://galaxyproject.github.io/training-material/topics/transcriptomics/tutorials/ref-based/tutorial.html


Beyond this class:

6. Visualization with Circos:
 
https://training.galaxyproject.org/training-material/topics/visualisation/tutorials/circos/tutorial.html#structural-variations

