ARB workshop 

Tutorial 1: Quality control and assemblage of raw sequence data


BACKGROUND:

Most sequencing reactions produce ~800-900 basepairs of high-quality sequence data.  Many genes are longer than 900 basepairs and require multiple sequencing reactions to complete the full gene sequence.  For example, primers for amplifying the 16S rRNA gene typically target a region which is ~1600 basepairs, and require at least 2 sequencing reactions to cover the length of the gene.  The gene fragments must be assembled with care to alleviate problems down the line when aligning the sequence and conducting phylogenetic comparisons. A number of programs are freely available for working with raw sequence data and include BioEdit, for PC, eBioX for Macintosh and CLC Sequence Viewer for Linux.  One of the best software programs that allows assembly of gene fragments is Sequencher and it is available at a cost for both PC and Macs.  For this exercise, we will use the Sequencher software in Demo mode.  The software is fully functional in demo mode except that the files cannot be saved or printed.

The following tutorial provides you with the steps to take raw sequence data through a series of quality control and assemblage steps to make the sequences ready for importing into the ARB software.
>> Download the Demo mode of Sequencher here:

http://www.genecodes.com/demos/
NOTE: Throughout the tutorials, items requiring actions from you are denoted by >> and items which you should select or click on are bolded.

GETTING FAMILIAR WITH SEQUENCHER
For this exercise, you have been provided sample sequences obtained from cloning the SSU rRNA genes from bacteria. The sequences all have a pair with the same name (ex: ENTA05), and are then labeled with the primer they were sequenced with (either M13F or M13R primers).  The clones must be cleaned of the vector and assembled into full-length sequences, or contigs (a contig is a contiguous alignment of a set of sequences to make up the sequence of bases from a longer piece of DNA).

>> Open the Sequencher program using the icon on your desktop. 
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>> To import a folder of raw sequences, go to File | Import | Folder of Sequences.  On your desktop, there is a folder labeled ‘Tutorial Materials’.  Open the folder and choose the folder ‘Raw Sequences’ to import. A warning message appears, and just click on Import all files in folder.
>> Take a look at the first sequence by double clicking on the first sequence name.  Click on Show Chromatogram to examine the chromatogram peaks.  

You will note that there are many ‘N’ nucleotides present at the beginning of the sequence and also at the end of the sequence.  This is common and represents 

the limitation of the sequencing machine in reading the beginning and end basepairs.  The ‘N’ nomenclature indicates that the basepair is unknown at that location.  Here is the table of the meaning of nucleotide ambiguity codes:

Table of IUPAC nucleotide ambiguity codes

	Code
	Represents
	Complement

	A
	A (Adenosine)
	T

	G
	G (Guanine)
	C

	C
	C (Cytosine)
	G

	T
	T (Thymidine)
	A

	U 
	U (Uracil)
	A

	M
	A or C
	K

	R
	A or G
	Y

	W
	A or T
	W

	S
	C or G
	S

	Y
	C or T
	R

	K
	G or T
	M

	V
	A or C or G
	B

	H
	A or C or T
	D

	D
	A or G or T
	H

	B
	C or G or T
	V

	N 
	unknown
	N 

	X
	unknown
	X


>> Quickly examine each of your sequences to determine if they are of length and quality (>900 basepairs, 80% quality) to assemble into a contig file.  If they are low quality sequences or have many ‘N’ reads throughout the sequence, it is best to discard the sequence.  To discard a sequence from the project, highlight the sequence, click on Edit | Remove sequence from project.  When the warning is displayed, click Throw them away.

REMOVING CLONING VECTOR FILES FROM SEQUENCES
First, you will remove the cloning vector file. Before trimming the vector, we must provide Sequencer with information about the vector utilized during the cloning of these genes.

>> Choose Edit | Select All.  Next, choose Sequence | Trim Vector. Click on Choose Insertion Site Now.  Click on Load Sites.  Choose the file Pgem T easy vectors.VCT (should be in your desktop folder). Click Open. Close the window.

>> The vector files are now loaded and we can trim the vector from the sequences. Highlight all sequences in the list. Choose Sequence | Trim Vector.  You should now be looking at a Vector Contamination window with your list of sequences.  You can either view the basepairs trimmed by clicking on Show Bases or the overview by clicking on Show Overview.  The red color denotes the basepairs which are trimmed from the sequence.  Once you have reviewed what portions will be trimmed from your sequences, click on Trim Checked Items.  When the warning window pops up, click on ‘Trim’, and then close the window.

CLEANING THE ENDS OF THE SEQUENCE
Next, you will remove the ‘N’ codes present at the beginning and end of the sequences.

To trim the ends manually:

>> Double-click on the first sequence to open it.  Highlight the sequence strings at the beginning and end of the sequence which contain ‘N’s (coded by dark blue) and delete them.  Note: ends can also be trimmed using the automatic trimmer under Sequence | Trim Ends.  Make sure you take a look at the trimming criteria before you utilize this option. 
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>> Repeat the above exercises of trimming the N’s at the ends and locating the primer for the remaining sequences.

To trim the ends automatically:
>> Highlight all sequences by choosing Select | Select All.
>> From the top menu, choose Sequence | Trim ends.  At the top of the page, click on Change Trim Criteria.  The Ends Trimming Criteria box should appear.  Only check and change the parameters for the following items:
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The above selected criteria ONLY trims the 3’ end of your sequences.  We are not trimming the 5’ end because it was previously trimmed when we removed the cloning vector contamination. The criteria we chose above for the 3’ end trimming was highly conservative.  We chose to be conservative because the sequence fragments will next be assembled into contiguous sequences, and we want to maintain some overlap between both sequence fragments (note: it is OK if there are still ambiguities or low quality bases in your fragments).

>> After selecting the criteria, a preview of your end trimmings will be shown.  Scan through this window to make sure you are retaining at least 800 basepairs per sequence. To undo any trimming, just unclick the box below each sequence.

>> When you are happy with the end trimming preview, trim the ends automatically by choosing Trim Checked Items at the top of the page.

ASSEMBLING FRAGMENT SEQUENCES INTO CONTIGUOUS SEQUENCES Your sequences are sequence fragments which must be assembled into a continuous sequences (contig). Sequencher has an automatic assembly tool you will utilize to create sequence contigs.

>> Check the contig assembly parameters.  Click on Contig | Assembly Parameters.  The assembly algorithm should be set to Dirty Data. Click both boxes under Optimize Gap placement. For Minimum Match Percentage, choose 80%. For minimum overlap, choose 50.  Click to Enable the name settings and select Name Settings. For this set of sequences, select underscore as the name delimiter and Handle 1. Click Set as Defaults and then OK.  On the main screen, the second column now reads, ‘Handle’.  Make sure the names are correctly grouped because this represents how the sequences will be joined.

>> Select all sequences using Select | Select All. Click the Auto Assemble by Name button.  Your sequences with the same name should now be joined together.  

Now, check the quality of your assembled contigs.

>> Highlight the first newly assembled contig.  Click on Bases and then select Show Chromatograms.  Scroll along the sequence and pay special attention to the nucleotides denotes by + (plus signs) and ( (dots).  These represent disagreements between the two assembled fragments. The + represents one fragment which has an ambiguity at that position, and the ( represents one fragment which has a gap at that position.  Basically, these symbols represent the position of ‘decisions’ that Sequencher made in assembling the contig.  Take a look at the chromatogram and conservatively interpret what you think the correct basepair should be.  To overwrite a basepair type over it and use the delete key to remove basepairs.  The Edit | Undo command may be useful during this editing process.

[image: image3.wmf]Now you are ready to assemble all of your individual sequences into contigs.  Repeat the above steps for your remaining sequences.  Once this is complete, the sequences are ready to export.

>> To export your sequences, highlight all contigs.  Choose File | Export | Consensus.  For the Export Location, choose Browse and Make a New Folder.  Save this new folder on the desktop.  Export using the FASTA-concatenated option.  Check Use Default Names, then OK.  A new menu will ask you for a project name.
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