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An Introduction to Finishing Using the Consed Platform (Part II)
Developed by Andrew Nylander from notes by Chad Tomlinson. 
Revised by William Barshop and Wilson Leung.

Files for this Tutorial:
All files for this tutorial are contained within XBAA7G24.tgz

Note: For this part of the tutorial we will be using the XBAA7G24 project.  Open a new xterm and navigate to the ‘edit_dir’ of the XBAA7G24 directory.  Type ‘consed &’ to launch the program and open XBAA7G24.fasta.screen.ace.1 to view the initial assembly.

Resolving Gaps

From the initial Assembly View in the ace.1 file we can see that this fosmid is in four separate contigs, and so a large part of the work for finishing this project will focus on closing the gaps to assemble a single contig (Figure 25).  Of course, we will also need to resolve high quality discrepancies and weak regions before we are finished.

      [image: Picture 12]
Figure 25.  Initial assembly

The green triangles between contigs 43 and 44 indicate consistent forward / reverse pairs and so it is probably best to start by trying to close this gap first and save the misassembly between 41 and 44 for later (Figure 26).  First we will run crossmatch to visualize the repeat structure in the two contigs.  Knowledge of the repeat structure will be important when we start designing oligos since we need our primers to anneal to a unique region. We can also use the green ‘high quality match elsewhere’ tags and the blue ‘repeat’ tags in the Aligned Reads Window to identify repetitive regions. 

[image: Picture 13]
Figure 26.  Assembly View showing repeat structures

To ensure that there are no misassemblies around the gap that may have prevented proper joining of the contigs, and to look for a possible overlap it is important to select a string of high quality bases near to the gap and do a ‘Search for String’ using those bases as described previously in this tutorial.  If there are multiple matches, a misassembly is possible.  If a sequence at the right end of contig 43 matches the sequence at the left end of contig 44, it may be possible to manually join these regions together (i.e. a ‘forced join’). If there are no matches (as in this case) then we can be fairly certain that the gap cannot be forced joined and that additional sequencing data will be required. 

	In order to close this gap we will need to order reactions for more data and so we will create oligos for this region as described previously in this tutorial.  Often it is helpful to use spanning subclones that are shown by the purple lines in the assembly view.  You can call oligos for forward and reverse reactions at the closest unique sequence.  For this project the primers have already been designed and the reaction results are available in the exercise package.  We can incorporate the new data into the assembly using the ‘Add New Reads’ function.  Select the gaprxns.fof file and select the options to put unaligned reads into its own contig and to recalculate the consensus quality scores based on the additional reads.  When the new reads have been added a navigation window will appear that show us where the reads were added into the assembly.  

To see all the available data from the new reads, change the Dim option to “Dim Nothing”. If we look at the position of the reads in the Aligned Reads window it is obvious that the reads were inserted in the wrong place because there are many high quality discrepancies between the new reads and the consensus sequence. To correct this, we will pull out the misaligned reads and place them in a new contig.  To put the read into its own contig, right-click on the read and select ‘Remove read aab77o21_t1.b1 from this contig’ (Figure 27). In the “Remove Reads” window, select the “Just Put Each Read Into Its Own Contig” option (underneath the Contigs list) and then click on the “Do It” button. Do this for both reads and then save the assembly.  

[image: Picture 14]
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Figure 27.  Pulling out a misaligned read.
Go back to the Consed Main Window, in the ‘Contig List’ you should see that contigs 45 and 46 correspond to the reads that were just pulled out.  In the Assembly View window right click on the right end of contig 43 and open the Aligned Reads window.  Highlight about 20 high quality bases near the start of the gap before the quality of the sequence drops.  Use these bases to perform a search for string.  You should return matches only to Contig43 and one of your new single read contigs.  Go to the Aligned Reads window for both matches and click on ‘Compare Cont’ in both of the windows.  A ‘Compare Contig’ window will appear with both sequences lined up in the top box.  Click on ‘Align’ to make an alignment between the two sequences in the lower box and see how well they match (Figure 28).  At the beginning of the alignment you will see numerous mismatches, but since the quality is low at the start of one of the sequences we will not concern ourselves with these mismatches.  What is important is to see if there are any high quality discrepancies of the alignment.  Looking through the alignment there are no high quality mismatches, and so we can now join the contigs together by clicking the ‘Join Contigs’ button.

[image: Picture 15]
Figure 28.  Compare Contigs window.

	Repeat the same procedure to incorporate contig46 into the main assembly as well. Then join the end of the new contig48 with the beginning of contig44 to resolve the gap.  Open the ace.gap3 file and compare it to your final assembly. (Depending on the exact steps taken to close the gap your contig numbers may differ from the screenshot below.)

[image: Picture 16]
Figure 29.  Assembly View from ace.gap3.

Resolving the Misassembly:

To make sure that the contig numbers are consistent for the next part of this tutorial, we will start the project again with a new ace file ‘ace.mis1.’ Quit Consed and then launch Consed again using the xterm. Open the file with the suffix “ace.mis1” and do not apply changes from the work file. Next open the Assembly View (Figure 30).

[image: Picture 17]
Figure 30.  ace.mis1 Assembly View.
There is clearly a problem between contigs 41 and 44.  The red lines represent inconsistent forward/reverse read pairs.  The mate pairs are inconsistent in this case because they are in separate contigs that are too far apart compared to the expected insert size. There is also an inverted repeat match between contigs 41 and 44.  Based on these observations it appears that phrap has collapsed multiple copies of a repeat in contig 44. This means we need to tear contig 44 apart in order to insert the reads from contig 41 into the repeat region.
	To resolve the misassembly we first tear contig 44 near the inverted repeat at about 19,000.  To do the tear, go to the position 19,001 in the Aligned Reads window and right click on any of the reads.  Select ‘Tear contig at this consensus position’ from the drop down menu (Figure 31). 
[image: Picture 18]
Figure 31.  Tearing the contig. 

In the new window that appears, click on ‘Do Tear’ (Figure 32). You will then be prompted to save your assembly. 
[image: Picture 25]
Figure 32.  Tearing the contig continued.
Open Assembly View again and we see that contig 44 has been split into two contigs (45 and 46), with contig 41c placed between them (Figure 33). 
 
[image: Picture 19]
Figure 33. Assembly View after tear.
	The ‘c’ next to contig 41 means that Assembly View has to reverse complement this contig for its mate pairs to be consistent with the other member of the mate pair in the other contigs. To correct this go to the Aligned Reads window for contig 41 and click on the ‘Compl  Cont’ option. Open Assembly View again and all of the contigs are now oriented in the same direction (Figure 34).

[image: Picture 20]
Figure 34.  All the major contigs are in the same orientation
Now we need to join contigs 41, 45, and 46 together.  We will start with joining 41 and 45.  The method is the same as described earlier in resolving gaps.  This time, however, when we look at the alignment between the two contigs we can see that there are high quality mismatches on the far right between the two sequences (Figure 35).  Click on the first mismatch and then hit the ‘Scroll both aligned reads windows’. 

[image: alignProblem]
Figure 35.  Compare Contigs window.  
The Aligned Reads windows will now move to the position of the base difference.  In contig 45 it appears that the reads containing the mismatching bases are misplaced in the assembly and so we will pull them out in order to make the join between 41 and 45.  
To remove the misplaced reads, first click on the ‘Highlight’ option at the top of the Aligned Reads window for contig 45 and select ‘Unhighlight All Reads in All Contigs.’  Now we need to determine how to split this contig. We can see from the alignment in figure 35 that we have sequence that is shared between both contigs followed by two different sequences that are unique. There is a misassembly here and we can see from figure 35 that the sequences diverge at 19,112. Consequently, to resolve this misassembly, we must make a tear at that position. 
When we tear the contig at position 19,112, we will use the discrepant bases starting from base 19,112 to partition the reads into two groups (To see these base differences more clearly, we will change the Dim options to “Dim nothing”.) Looking at the discrepancies in this region, we find that one group of reads has very AT rich sequence while the other group has GC rich sequence. Look closely downstream of 19,112 to decide which reads belong together when we make the tear.
Now we can make a tear at the G in position 19112 of the contig by right clicking on the consensus and select ‘tear contig at this consensus position.’ Because the discrepancy is caused by the GC rich sequence, reads that contains a G at this consensus position (19112) should be in the new right contig. This means we should highlight (in purple) all the reads that do not contain a G at this consensus position so that they will go to the new left contig. Note that while the read XBAA-aab80f24.b1 has a G in the consensus position 19112, this G and the bases surrounding this region are very low quality. When we scroll to the left, we find that there are large number of additional discrepancies between this read and the consensus sequence. Consequently we will also highlight this read so that it will go to the new left contig. Hit the “Do Tear” button (Figure 36) and save the assembly.
 
[image: Screen Shot 2012-06-12 at 2]
Figure 36.  Partition reads into two groups using the discrepant base at 19,112.

[image: Picture 22]
Figure 37.  Assembly View after tear 
After the tear, contig 45 splits into contigs 47 and 48.  The Assembly View shows the relative order and orientation of the contigs.  Now we can make a join between the left end of contig 41 and the right end of contig 47 (Figure 37).  

[image: Picture 25]
Figure 38.  Assembly View after joining 41 to 47 
 
Next, we will join the beginning of contig 48 to the end of contig 49 (Figure 38).
[image: Picture 26]
Figure 39.  Assembly view after joining 48 and 49

Now, we join 50 and 46 together (Figure 39).  The gap between Contigs 43 and 51 can be resolved using the additional data obtained earlier in this tutorial in the resolving gaps section (Figures 40, 41).

[image: Picture 27]
Figure 40.  Assembly View after joining 50 and 46

[image: Picture 28]
Figure 41.  Final Assembly View  


Using Restriction Digests to Verify the Final Assembly:

Note: if you have not resolved all the gaps and misassemblies, you can quit Consed and open the ace file “XBAA7G24.fasta.screen.ace.digest” for this part of the tutorial.

[bookmark: _GoBack]Finally, we can check our assembly by looking at the restriction digests obtained using EcoRV and HindIII, comparing the in-vivo results with the in-silico (computer generated) restriction fragments.  If our final assembly is correct, the in-silico bands should match the bands in the real digest. To examine the digests, from the Consed Main window click on the “Digests” button. Verify that EcoRV, EcoRI, SacI, and HindIII have been selected under the “Commonly Used Restriction Enzymes” section. At the bottom of the screen, verify that the ‘Pathname of the Vector Sequence’ points to the pfos1.seq vector sequence file.  Change the “Full Pathname of File of Vector Sequence:” box to pfos1.seq if necessary (Figure 42). 

Note: Because the vector sequence file (pfos1.seq) is in the edit_dir of the project directory, you do not need to specify the full path to the file.

[image: Picture 29]
Figure 42.  Real vs. in-silico digest comparison for EcoRV
Note: To see the entire digest window you may need to click the “Window” menu at the top of your screen then select “Zoom.”

The real and in-silico EcoRV digests mostly agree with each other.  The purple line on the real digests signifies a doublet, which corresponds to the two bands in the in-silico digest.  (It is not unusual for the computer reading the gels to have difficulty discriminating between thick bands and doublets).  The red line at the top indicates a fragment in the real digest that is missing in the in-silico digest.  However, when we add up the sizes of all the in-silico fragments, the total size is approximately 46,500 bases, which is close to the estimated size of the fosmid. Hence the top red band in the real digest is likely to be spurious.  Because the gel imaging software is optimized to detect bands between 1kb to 10kb, we will focus primarily on fragments in this size range when we compare the in-silico with the real digest.

The real HindIII digest has many discrepancies compared to the in-silico digest (Figure 43). However, the total fragment size from the real HindIII digest is substantially less than the expected total size of the fosmid. Hence the real HindIII digest may be unreliable. We can check the original gel image to see if there are additional bands in the real digest that were not called by the imaging software.  

In addition to EcoRV and HindIII, we can also examine the real restriction digests for SacI to EcoRI to see if our assembly is correct.

[image: Picture 30]
Figure 43.  Real vs. in-silico digest comparison for HindIII

[image: Picture 16]
Figure 44. EcoRI digest

There are many inconsistencies between the real and in-silico digests for EcoRI (Figure 44). The in-silico digests contains a set of smaller fragments that range from 5.6kb to 8.4 kb in size that do not have corresponding fragments in the real digest. Hence we cannot use this digest to verify our assembly.

[image: Picture 18]
Figure 45. SacI digest

There are a few inconsistencies in the SacI digest (Figure 45). The two purple bands (around 4.3 to 4.5 kb) in the real digest next to the four in-silico bands are actually both doublets. Because of the close proximity of these bands in the in-silico digest, the imaging software could have miscalled these bands. We can examine the actual gel image to confirm this hypothesis.

However, in addition to the discrepancies around 4.5 kb, there is another discrepancy at around 3.3 kb. This discrepancy is a cause for concern because we are missing approximately 100 bases compared to the real digest. From the fragment table on the left panel, we can see that the discrepant fragment 3338 is derived from the region ~4700 to ~8000 of Contig 56. Because the misassembly that we have resolved in this tutorial is located outside of this region, the analysis of the real restriction digests is consistent with the hypothesis that we have correctly resolved the misassembly.  However, the digests also indicate that there are still a few remaining problem areas that must be resolved before the project can be considered to be finished. 


Appendix A

‘Make High Quality’- changes the quality value of the selected bases to 99 and marks them with an orange tag.
‘Change Consensus’- changes the quality value of the bases to 99 and then changes the consensus to the highlighted region of the read.
‘Make Low Quality’- makes the selected bases low quality.
‘Make Low Quality to Left End’- makes all bases to the left of the highlighted region low quality.
‘Make Low Quality to Right End’- makes all bases to the right of the highlighted region low quality.
‘Change to n’s’- Changes the highlighted bases to n’s, which is an indication that are unknown bases.
‘Change to n’s to Left’- Changes the bases to the left of the tagged region to n’s.
‘Change to n’s to Right’- Changes the bases to the right of the tagged region to n’s.
‘Change to x’s to Left’- Changes the highlighted bases and the bases to the left of this region to x’s which means they are vector sequence.
‘Change to x’s to Right’- Changes the highlighted bases and the bases to the right of this region to x’s.
‘Add Tag’- allows you to add any tag to a stretch of read bases.  
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add aab77021_t1.b1 to file XBAA7G24_read_List.txt
as above but with options...
Pick —> (Top Strand) Priner fron Subclone (H13, plasnid) template
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