Week 7: Genome Assembly and Validation 

1. data pre-processing (quality filtering and adapter removal)
The first step simply removes poor quality sequences, as well as adapter sequences left over from sequencing. 
2. error correction
Some assemblers follow this with error correction where reads are compared to each other to eliminate sequencing errors.
3. contig assembly
Next is contig assembly where overlapping reads are assembled into long continuous stretches of sequences.
4. scaffolding (optional)
Scaffolding refers to the alignment and orientation of these contigs relative to each other (where possible).
5. verification of scaffolds/contigs
The last step is verification where reads are mapped back to the contigs/scaffolds to reduce misassemblies.

There is a plethora of programs that can perform some, or most of these steps. These programs include commercial and open-source options, some are very user friendly and some are extremely difficult to use/install. Common assemblers for bacterial genomes include SPAdes (Bankevich et al., 2012), MIRA (Chevreux, 2004), SGA (Simpson & Durbin, 2010), Velvet (Zerbino & Birney, 2008) CLC (CLC Bio), and A5 (Tritt et al., 2012). 
Pre-Class Reading
A5 (Andrew And Aaron's Awesome Assembly pipeline)
1. http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0042304
· In this workflow, we recommend use of the open source A5 assembly pipeline which automates all of the steps described above with a single command (Tritt et al., 2012). 
· A5 is designed to work with raw, demultiplexed Illumina data
2. http://bioinformatics.oxfordjournals.org/content/31/4/587.full.pdf
a recent version (A5-miseq) has been optimized for longer reads from the MiSeq (Coil, Jospin & Darling, 2014). 

3. Genome Assembly Gold Standard Evaluations (GAGE)
http://gage.cbcb.umd.edu/
Good sources for overviews of genome assemblers and the assembly process include the GAGE project (Salzberg et al., 2012), the GAGE-B project (Magoc et al., 2013), and the Assemblathon Project (Earl et al., 2011).
Board: Go to PAGE #5 – get started ASAP
Q. What is DE NOVO GENOME ASSEMBLY? 

Lab Procedure
A5 Set-Up 
(This is has happened backstage, we are practicing with PhiX)
Drag and Drop the A5 folder, from (class folder → pickup) to your desktop. Click on the folder to unzip it
Running A5-miseq
Then, create a new folder which will contain the files generated by the pipeline on your Desktop. 
Open the Terminal window – it’s under class software
Get to the PhiX folder:
$ cd Desktop
This takes you to the desktop folder

$ pwd
This tells you where you are

$ mkdir PhiX
This makes a new folder wherever you are, we are calling the folder PhiX

$ cd PhiX
This takes you into the PhiX folder

Now you are going to make stuff happen:
$ /Users/clmuser/Desktop/a5_miseq_macOS_20150522/bin/a5_pipeline.pl 
 /Users/clmuser/Desktop/a5_miseq_macOS_20150522/example/phiX_p1.fastq  /Users/clmuser/Desktop/a5_miseq_macOS_20150522/example/phiX_p2.fastq test

HINTS and explanations for all that code: 
Use tab complete!!!!
$ /Users/clmuser/Desktop/a5_miseq_macOS_20150522/bin/a5_pipeline.pl (THIS GETS YOU TO THE SCRIPT)
 /Users/clmuser/Desktop/a5_miseq_macOS_20150522/example/phiX_p1.fastq 
(NOW YOU ARE GRABING PHIX, WHICH IS A PREINSTALLED EXAMPLE, you can drag and drop these. Also,  BE SURE TO INCLUDE SPACES between the lines and a space before the word test )
 /Users/clmuser/Desktop/a5_miseq_macOS_20150522/example/phiX_p2.fastq test
(NOW YOU ARE RUNNING THE SCRIPT AND NAMING THE OUTPUT, I CALLED IT TEST)




Assembly validation

There are three components to genome assembly validation. 
1. The first is the overall “quality” of the assembly, assessed by examining the stats provided by A5-miseq (discussed below). 
2. The second is verification that the organism sequenced is the organism of interest, simply by checking the assembled 16S rDNA sequence using a BLAST search (see ‘Organism Identification Using 16S rRNA Gene Sequence’ above). 
3. The third is “completeness”, which is difficult to measure without a closely-related reference genome. Nevertheless, we can get an idea of how complete the genome is by looking for highly conserved “housekeeping” genes that are found in almost every bacterial genome using a program called PhyloSift (Darling et al., 2014) (see ‘Assessing completeness with phylosift’).

1. Quality: Interpretation of A5-miseq stats

Open “MyGenome.assembly_stats.csv” in Excel, which lives in your new PhiX folder. (These will be on some shared drive…). Also, you need to import this txt file using the import or data “wizard”.

The first two numbers, shown in columns 2 and 3, are the number of contigs and scaffolds. Defining a “good” or “bad” assembly starts here.
· A finished assembly would consist of a single contig with no unresolved nucleotides but that is extremely unlikely to result from short read data.
· At the other extreme, we would consider a bacterial assembly in 1,000 contigs to be very fragmented. 
· In our experience, acceptable bacterial assemblies using Illumina PE300 data, assembled with A5, tend to range from 10–200 contigs. 
· It is also worth noting that unless studying genomic organization, the number of contigs is less important than the gene content recovered by the assembly which is typically >99% using A5-miseq (Coil, Jospin & Darling, 2014).


Class Discussion:
A. 1st glance/Sanity Check
(We’re not going to talk about all this, but the info is here if you want it!)
“Genome Size” and “Longest Scaffold” are represented in base pairs. While genome size can vary within taxa, this can be a second useful sanity check for the assembly. When expecting a 5MB genome based on other sequenced isolates from the same genus, if the assembled genome size is 2 MB or 10 MB, a red flag should be raised. “N50” represents the contig size at which at least 50% of the assembly is contained in contigs of that size or larger. This metric, combined with the number of contigs is the most common measure of assembly quality; larger is better. An N50 of 5,000bp would be quite poor, meaning that half of the entire assembly is in contigs smaller than 5,000bp. On the other hand an N50 of 1,000,000bp is considered very good for bacterial genomes sequenced with Illumina technology.
Questions to ask group to guide the discussion
I. What size genome are we expecting – have students look this up
II. What is the MB genome size range that is OKAY? What values would start to raise red flags
III. What N## values did you get? What do does this value mean? 


B. How much Data did we throw away? (we didn’t talk about B &C)
· The number of raw reads/raw nucleotides “Raw reads”/“Raw nt” 
· error-corrected reads/nucleotides “EC Reads”/“EC nt” counts 
· these values are useful for seeing what percentage of the data have been discarded. 
· A very large difference between these numbers (“% reads passing EC”/“% nt passing EC”) would indicate either poor quality sequence data or significant adapter contamination. 
· Adapter contamination rates can be high when the insert size is too small or if there were problems during library preparation. 
· Poor quality sequence data can result from loading the libraries at a molar concentration that was too high for the instrument, from mechanical issues preventing focus of the sequencing instrument’s cameras, or from use of a compromised batch of sequencing reagents. 
· Resolution of these issues would entail a discussion with your sequencing provider.

C. Did we get enough data? 
A5-miseq reports three depth of coverage statistics which can be used to assess whether sufficient data have been collected for genome assembly. 
· First is the “Raw cov” which is simply the total number of base pairs of sequence data, divided by the assembly size. 
· This gives an estimate of the average number of reads covering each base in the assembly. 
· The actual number of reads at each site can and will vary substantially from the average. 

· The second statistic is the “Median cov” which gives the median depth of coverage among all sites in the assembly. 
· That is, 50% of sites will have greater coverage and 50% will have less than this value. “10th percentile cov” indicates a coverage level below which only 10% of sites in the assembly fall. 
· For Illumina data, the ideal median coverage will lie between ∼20 × and 100 ×. 
· If you have much less than 20 × median coverage, the quality of individual base calls may be compromised. Ideally, the 10th percentile coverage will be higher than 10, for similar reasons.

· A separate metric of the base call quality is also reported by A5-miseq as “bases ≥ Q40”. 
· Following assembly, A5-miseq realigns the reads to the assembled sequence and estimates the accuracy of the nucleotide called at each site in the assembly. 
· These accuracies are provided as PHRED quality scores (Green, 2009), which represent log-scaled probabilities of accuracy. 
· For example a PHRED score of 20 (Q20) indicates a 99% chance of the correct base, while Q30 and Q40 indicate 99.9% and 99.99% probabilities of the correct base being called. 
· A5-miseq reports the number of assembly bases called with at least Q40.





2. How complete is your genome: Assessing completeness with phylosift

PhyloSift: must be moved to your desktop!
Go to the Class Folder → FRS 02 → Pickup → Phylosift
Drag and drop to your desktop

Open the terminal window (hint: it’s in the class software folder)

Download the Phylosift Marker base ASAP ASAP ASAP
$ cd Desktop/phylosift_v1.0.1/bin/
now you are in the phylosift folder (aka directory)

$ ./phylosift index
This will download the marker database, it will take a while that’s why your doing it ASAP! 

To point phylosift at your data, do the following carefully:
Run
./phylosift search (YourContigFileName)
(now drag and drop your file, which you copied to the desktop, this is your YourContigFileName)

For example:
./phylosift search /Users/microBEnet/Desktop/Data-Genomes/Pantoea_Tatumella/tatumella/tatumella.contigs.fasta


$ cd PS_temp/
From the PhyloSift directory Move to the “PS_temp” directory. Within this directory, Phylosift has created a directory with the same name as the input file. 

$ ls
List everything in the new directory

$ cd  (tab complete the name you found from the ls command, it will be long)
Move (cd) to this new directory, 

$ cd blastDir
and then move to “blastDir”.

$ less marker_summary.txt
Open the marker_summary.txt file in the blastDir directory.

The DNGNGWU0001-00040 markers represent 37 highly conserved bacterial genes, if one is missing it won’t show up as a zero, it is necessary to manually verify the list. Most of the genes should only appear once. An occasional 2 is fine, but if all/a majority of the genes appear twice or even three times you have most likely sequenced multiple bacteria together. Additionally, check to make sure there is no 18S RNA sequence (at the top of the list) to ensure your sample has not been contaminated with a eukaryote (e.g., yeast).

Important Note: Markers 4, 8 and 38 are no longer included in the Phylosift analysis so do not be concerned if they are not listed. Conversely, Marker 13 is sometimes present in multiple copies and this is not a cause for concern.

If you genome appears to be complete, not contaminated, reasonable length, then move forward and upload to RAST!

Upload to RAST
Navigate to http://rast.nmpdr.org/ and login with the Eisen Lab info. 
· Login: eisenlab
· Password: eisenlab5311

Hover over the “Your Jobs” tab at the top of the page and click on “Upload New Job”. 

In order to proceed you must specify:
Genus 
Species (if you're sure put the species name. If you don’t know, put unknown)
Strain: put your FRS # 

The next pop-up’s default setting are okay! 



The annotation will take some time, ranging from 2 h to a few days, depending on server load. RAST will email you when it is complete. FOR NEXT WEEK:  Once the annotation is complete, use their SEED Viewer to explore the annotation and metabolic pathways of the organism. From the RAST results, you can obtain information such as the presence or absence of a particular gene/pathway and you can compare the annotation to other genomes in their database.







In the unexpected event that we have loads of time after instruction today….
3. Verify that the organism sequenced is the organism of interest

[bookmark: h.gjdgxs]
Obtain the full-length 16S sequence from the assembly

(1) (Skip this step if you are building the tree using the 16S rDNA sequence from Sanger sequencing).

(2) Go to RAST and sign in.

(3) On the “Jobs Overview” page, click on “view details” (under annotation progress) for the microbe you are working with.

(4) Click on “Browse annotated genome in SEED viewer” (At the top of the page).

(5) Click on “Browse through the features of [organism name]”.

(6) In the Function column, search for “ssurna” or “SSU rRNA” (if it doesn’t work at first then refresh the page).

(7) Find the ssuRNA that is 1400–1800bp in length (often Illumina assemblies also have fragments of 16S rDNA sequence that are only a few hundred base pairs long).

(8) In the Feature ID column, click on the link for the sequence with the correct length.

(9) Click on the “Sequences” tab (around the middle of the page).

(10) Click on “Show Fasta”.

(11) Click on “Download Sequences” and save as a fasta file. Rename the file to something informative.

(12) Double check the identity of the sequence at BLAST: http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome.
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